JOURNAL OF: 
THE CHEMICAL SOCIETY 





Committee of Publication: 


Chairman : 8. Suapen, D.Sc., F.R.S. 


A. J. Attmanp, M.C., D.Sc., F.R.S. 
_W. Baxer, M.S8c., D.Sc. 
R. P. Bern, M.A., B.Sc. 
|G. M. Benwerr, M.A., Sc.D. 
_F. P. Bowpen, M.Sc., Ph.D. 
'H. V. A. Briscor, D.Se., F.I.C. 
F. Coattencer, D.S8c., Ph.D. 
G. R. Cuzmo, D.8c., Ph.D., F.R.S. 
C. W. Daviss, D.S8c., F.1.C. 
_F. P. Dumn, B.Sc., F.1.C. 
W. E. Garner, D.Sc., F.RS. 
C. F. Goopvrve, D.Sc., F.R.8. 
J. M. Gutxianp, M.A., D.Sc., Ph.D. 
D. Lu. Hamocr, M.A. 
'G. 8. Harrizy, D.Sc. 
_R. D. Haworts, D.8c., Ph.D. 


Editor: 





I, M. Hersron, D.8.0., D.Sc., LL.D., F.R.S_ 

E. D. Huaeues, D.Sc., Ph.D., F.I.C. 

H. Kina, D.8c., F.R.S. 

G. A. R. Kon, M.A., D.Sc. 

W. H. Mus, M.A., Sc.D., F.R.S. 

R. A. Morton, D.Sc., Ph.D., F.1.C. 

J. R. Partiveron, M.B.E., D.Sc. 

A. Rosgarson, M.A., B.Sc., Ph.D. 

J.M. Rosperrson, M.A., D.Sc., Ph.D. 

Sm Rosert Rosson, M.A., D.Sc., LL.D., 
F.R.S. 

R. Rosison, D.Sc., Ph.D., F.R.S. 

N. V. Sipewick, C.B.E., D.8Sc., LL.D., F.B.S. 

H. Tgerrey, B.Sc. 

A. R. Topp, D.Sc., D.Phil. 

W. Warptaw, DSc., F.C. 


Assistant Editor: 


CLARENCE SmirH, D.Sc. A. D. Mrronett, D.Sc. 


Indexer: 








1940. Part I., pp. 1--821. 








LONDON: THE CHEMICAL SOCIETY. 
1940. 





PRINTED IN GEeEAT BRITAIN BY 
Ricuarp CLay AND Company, LTD., 
Bunecay SuFFOLK. 


"he ae 





JOURNAL 


or 


THE CHEMICAL SOCIETY. 





1. The Crystal Structure of Potassium Sulphamate. 
By C. J. Brown and E. G. Cox. 


A complete determination of the crystal structure of potassium sulphamate, 
NH,’SO,K, has been made by means of three-dimensional Fourier syntheses. The 
three oxygens and the nitrogen atom in the [NH,’SO,]‘ group are arranged in an almost 
regular tetrahedron around the sulphur atom, the bond lengths being S-O = 1-44 A 
and S-N = 1-57 A (both + 0-03 A). The structure appears to be purely ionic and 
there is no evidence of hydrogen bridges between neighbouring anions. Although the 
position of the hydrogen atoms cannot be determined directly, there is very strong 
evidence that they are attached to nitrogen and not to oxygen atoms. 


ALTHOUGH numerous crystallographic investigations of salts of sulphur acids have been 
carried out, the majority of investigations have assumed a tetrahedral distribution of 
S-O bonds, 1-50 A in length, and only in very few cases have direct and independent 
measurements of the lengths and angles of the bonds in the acid radical been obtained. 
The most accurate of these have been on sodium sulphate (Zachariasen and Ziegler, Z. 
Krist., 1932, 81, 92) and potassium pyrosulphite (Zachariasen, Physical Rev., 1932, 40, 
923); in the former, the S—O distance was found to be 1-49 A, and in the latter the values 
were 1-44, 1-45 and 1-49 A, the valency angles in the pyrosulphite group ranging from 
102° to 116}4°. The accuracy of the fractional atomic co-ordinates in potassium pyro- 
sulphite was estimated by Zachariasen to be 0-01, so that the above interatomic distances 
are probably accurate to about 0-07 A. 

Our attention was first drawn to potassium sulphamate by the statement (Mellor, 
‘‘ Comprehensive Treatise on Inorganic and Theoretical Chemistry,” Vol. 8, p. 638) that 
it is isomorphous with sulphamic acid; this proved not to be the case, but we decided to 
carry out a complete analysis of the potassium salt with the object of measuring the 
S-O and S-N bond lengths to a higher degree of accuracy than had hitherto been obtained 
in investigations of sulphur acid salts. An additional reason for studying this substance 
was the possibility that some form of hydrogen bridge might occur between nitrogen and 
oxygen atoms of adjacent radicals. 

The analysis has been carried out chiefly by means of three-dimensional Fourier syntheses 
based upon quantitative measurements of the reflection intensities from 309 lattice planes, 
and the interatomic distances derived from it are probably accurate to0-03 A. The results 
show that potassium sulphamate has an ionic structure of a new type and contains no hydro- 
gen bridges. The nitrogen and oxygen atoms in the tetrahedral sulphamate ion are clearly 
differentiated by their distances of 1-57 and 1-44 A, respectively, from the sulphur atom, 
and the equality of the three S-O distances shows that the ion is definitely [NH,°SO,]’, 
and not [NH-SO,°OH]’. 

Reasonably good crystals of potassium sulphamate were readily grown, and the unit 
cell and space-group were determined in the usual way. The dimensions of the unit cell, 
which contains four molecules of NH,°SO,K, are a = 8-32, b = 8-28, and c = 5-90 A, 
and the systematic extinctions are {hk0} abseirh, for ‘r,odd: and {Gk} absent for &, odd, 
esata as the space-group either Pba (C,,°)' or Pore. (Dyy*); the iatter fas ads ipted 
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because the crystals showed no evidence of a polar character, and nothing contrary to 
this emerged from the subsequent analysis. The general position in the space-group 
Pbma is eight-fold and it is therefore reasonably certain that the four potassium, four 
nitrogen, and four sulphur atoms in the unit cell all lie on special positions. It is further 
permissible to assume that of the twelve oxygen atoms in the unit cell, four (O;) lie on special 
positions, and eight (O,;) on general positions. .The special positions are (cf. “‘ International 
Tables for the Determination of Crystal Structures,” Vol. 2, p. 134) : 


(a) (000); (300); (030); ($30) 
(6) (004); ($03); 022); (3 33) 
(c) (402); (£02); (232); (232) 
(d) (% 42); $2); (4+%22); (8 —% F2) 


If the three oxygen atoms are attached to each sulphur with any non-planar distribution 
of bonds, the positions (a), (b), and (c) for the latter atoms are excluded since they require 
central or axialsymmetry. The four sulphur atoms in the unit cell therefore most probably 
lie on the planes of symmetry with co-ordinates (d). The necessity for reasonable atomic 
distances within the acid radical then requires the four nitrogen and the four special oxygen 
atoms to lie on the planes of symmetry. 

Rough comparison of the intensities of the orders of {001}, {010}, and {100} is sufficient 
to show that the potassium ions cannot lie on positions (a), (b), or (d), and we accordingly 
assign them positions on two-fold rotation axes with co-ordinates (c). The atomic arrange- 
ment in potassium sulphamate is thus 


4K in ($02); (£92); (24%); (23 2) 
4S im (%2 4%); (%_ $2); (4 + %2 3%); (4 — % F 2) 
4N im (%3 $23); (%3 2); (4 + %3 325); (4 — %p # 25) 
4O; im (%, 42%); (%q B24); (4+ %4 3%); (4 — %q 2%) 
8 On im (%5 V5 25); (%5 4 — V5 25); (%5 4 + Ys 25); 
(%5 V5 25); (4 + %5¥5 25); (4 + %5 4 — 5 25); 
($— %5 4+ 45 25); (4 + %5 Ys 25) 


and ten parameters remain to be determined from intensity measurements. 

From several series of oscillation photographs, together with direct comparisons of 
selected reflection intensities with the (400) rocksalt reflection, it was possible to obtain 
the absolute structure amplitudes for 309 planes; these were used to carry out appropriate 
syntheses as indicated below. The procedure adopted was to find the approximate co- 
ordinates of as many atoms as possible by means of a three-dimensional Patterson (F?) 
synthesis (for which a knowledge of the phases of the structure amplitudes is not necessary), 
and from the atomic arrangement thus indicated to calculate the phase angles required 
for evaluating sections of the three-dimensional Bragg (F) synthesis; from this by suc- 
cessive refinement accurate values of all the parameters were eventually obtained. 

Experience has shown that in the analysis of a structure of many parameters, two- 
dimensional Patterson syntheses are of little value except in those cases where a small 
proportion of the atoms in the unit cell are of markedly higher atomic number than the 
remainder (e.g., organo-metallic compounds), and such syntheses were therefore not used 
in the present instance. Inastructure such as that under consideration a three-dimensional 
Patterson synthesis can be expected to show definite peaks due to vectors between atoms 
of moderate atomic number (7.e., K-S) and probably also those due to vectors between 
moderately heavy atoms and light atoms (i.e., K-O, K-N, S-O and S-N). It is not likely 
that O-O and N-O vectors will be distinguishable except where, by chance, two or three 
such vectors coincide. 

Since the y-co-ordinates of the potassium ions are 0 and 4, while those of S, N, and 
O; are } and , a section at y = or of the three-dimensional Patterson synthesis 
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should exhibit maauna corresponding to the interatomic vectors K-S, and probably also 
K-N and K-O,. For the space-group Pbma, the required section of (1) is 


HLk 
Poin = 4 z 2{2 [(— 1)*” Fy] cos2nhx cos2niz . . . . (2) 


(summed for terms with k even only), and this was evaluated with the result shown in 
Fig. 1, plotted over half the cell with an interval of 5000 between contours. There are 
three very prominent maxima in the diagram, two, B, (0-36, 0-86) and B, (0-36, 0-14), 
being related by a plane of symmetry, while A (0-14, 0-50) is approximately twice the 
height of B. 

Examination of the list of co-ordinates given above shows that there should be four 
K-S peaks in the diagram, with co-ordinates (} + %», 2, +2); (4+ %, — 2, — 22); 


Fie. 1. 
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(} — %q, 21 — 2%); (4 — %q, 22 — 2). It is evident that B, and B, are two of these and 
that A consists of the other two superimposed. From the co-ordinates of A and B given 
above we thus deduce x, = 0-11, z, = 0-18 and z, = 0-68. Owing to the presence of the 
plane of symmetry it is difficult to determine the exact z-co-ordinates of the two peaks 
making up the apparent single peak A, and the above values of z, and z, are therefore only 
approximate. The elongation of the peaks A and B suggests that there are probably 
K-O or K-N peaks at about C (0-42, 0-08) and D (0-08, 0-33). The distinction between 
oxygen and nitrogen is of no importance until the final stages of the analysis are reached, 
and, assigning arbitrarily the co-ordinates 3, z, to the atom concerned with the potassium 
in these maxima, we find x, = 0-33 and z, = 0-29. On account of the indefinite nature 
of the peaks these figures also are very approximate. So far we have the following co- 


ordinates : 
K } 00-68, etc., 
S 0-11 } 0-18, etc., 
N 0-33 } 0-29, etc. 
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Assuming that the sulphamate radical has a roughly tetrahedral form, with bond lengths 
of about 14 A, we can readily calculate that the approximate co-ordinates of O, are either 
(0-03, 3, 0-36) or (0-13, 4, 0-90). In the former case the K-O, peaks would occur at H 
and G (Fig. 1), whereas if the latter figures are correct the corresponding peaks are at 
E and F. As the values of Pi, 3, in both the positions H and G are nearly zero, the 
co-ordinates of O; may be taken to be approximately 


O; 0-13;4,0-90,"etc. 


Finally, by again using the assumption of a tetrahedral sulphamate group, we can deduce 
that for the oxygens in general positions the approximate co-ordinates are probably 


Oy, 0-03 0-09 0-25, etc. 


Sufficient information was thus obtained to enable Bragg syntheses to be carried out. 
In order to get the greatest possible resolution of every atom, three-dimensional syntheses 
were used throughout. As it is exceedingly laborious and also unnecessary to effect the 
summation over the whole unit cell, only syntheses along certain lines and over certain 
planes were carried out; these were 


(a) along the line (} 0 z) to obtain z,; 

(b) over the plane (x } z) to determine %g, 25, %3, 23, %4, and 24; 

(c) along the line (x, y z;), approximate values of x, and z; deduced previously being 
used, to obtain the parameter y, ; 

(d) over the plane (x y, z), the value of y,; from (c) being used to determine x, and z;. 


By using the above approximate co-ordinates obtained directly or by inference from 
the Patterson synthesis, the structure amplitudes for all planes with spacings down to 
1-5 A were calculated. There was quite good general agreement between the values of the 
experimental and calculated structure amplitudes, so the signs obtained by calculation 
were allotted to the experimental values for the purpose of the syntheses (2)—-(d). Graphs 
and contour maps of the results were plotted in the usual way, and a new set of parameters 
deduced. From these the structure amplitudes were calculated anew for all planes with 
spacings down to 1-2 A, and the syntheses were repeated with the new terms and such 
changes of sign as were necessary in the old ones. This process of successive refinement 
was continued, all available terms being used after the second set of syntheses, until the 
co-ordinates derived from a set of syntheses gave structure amplitudes having in every 
case the same sign as those from the previous set. This occurred at the fifth set of 
syntheses, and as the successive results appeared to converge in an alternating series, the 
means of the co-ordinates from the fourth and the fifth syntheses were adopted as final. 
These co-ordinates are given in Table I; the maximum probable error in them is almost 
certainly less than 0-004, since in no case do they differ from the results of either the fourth 
or the fifth synthesis by more than this amount. 


TABLE I. 
y. Zz. #. y. z. 
0 0-663 Oe secccscsscccoce OST 4 0-937 
{ 0-180 Op ceeeeeeeeeee 0-058 0-108 0-263 
0-285 
Fig. 2 is a composite representation of the results of the fifth synthesis, showing the sec- 
tion at y = } with (inset) the section at y = 0-108 through the oxygen atom in the general 
position, and with the potassium atoms indicated by circles. The contours are drawn 
at intervals of one electron per A®, the zero and the first contour being omitted. Figs. 3 
and 4 show the structure projected on (010) and (001) respectively, and a general indication 
of the agreement between observed and calculated structure amplitudes is given in Fig. 5. 
The preceding analysis yields the interatomic distances in potassium sulphamate with 
an accuracy of about 0-03 A. The dimensions of the sulphamate ion, which diverges 
very little from the exact tetrahedral. form, are given in Table II. It will be observed that, 
although the nitrogen atom could not be distinguished from the oxygens by its electron 
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TABLE II. 
Angles. 
O;SN 107° OuSN 106° 
OxSOy 113}° OnSOn 109$° 


density (cf. Fig. 2), yet it is sharply differentiated by its greater distance from the sulphur 
atom; moreover, the equality of the S-O distances indicates that the two hydrogen atoms 
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are attached to the nitrogen atom. The length of the S—-O bond, 1-44 A, is slightly less than 
the mean, 1-48 A, of the distances found in potassium pyrosulphite (Zachariasen, loc. cit.) 
and sodium sulphate (Zachariasen and Ziegler, loc. cit.), and although this difference 
may be covered by the possible experimental errors, it seems probable that it is real, and 
due to the fact that the sulphamate ion carries only a single negative charge as compared 
with the double charge on the sulphate and pyrosulphite ions. 

No previous data are available for the length of the S-N bond, but from the known 
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atomic radii it may be inferred that in an ion of this kind the bond from sulphur to a 
nitrogen atom (as distinct from an amino-group) would be about 1-54 A, and the fact that 
the value (1-57 A) now obtained experimentally is greater than this affords further evidence 
that the hydrogen atoms are attached to the nitrogen atom, since this would presumably 
increase the S—N distance slightly. 


Fic. 4. 
(Y]— 
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In spite of the similarity of the ions concerned, and some similarity also of cell dimensions, 
the structure of potassium sulphamate as a whole bears no appreciable resemblance to that 
of potassium perchlorate. This difference, however, is not obviously due to any disturb- 
ing influence of the amino-groups, since the structure is a simple ionic one, in which the 
closest distance of approach between nitrogen and oxygen atoms of adjacent ions (3-15 A) 
is not small enough to suggest a hydrogen bridge of any appreciable strength, and indeed 
is slightly greater than the minimum O --- O distance (3-08 A) found in sodium sulphate, 
although less than the O « « - O distances in potassium sulphamate itself. Some diminution 
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of the NH,***O distance as compared with the O-+:O distances might in any case be 
expected on account of the more positive character of the amino-group. 

The potassium ion is surrounded by six oxygen and two nitrogen atoms, and the greater 
distance of the latter again indicates that the hydrogen atoms are attached to the nitrogen. 
The principal inter-ionic distances (in A) are given below : 


K-O; 2-75 K-Oy 2-96 N-Oq 3:15 O;-On 3-65 
K-Oy 2-75 K-N 3-10 Op-On 3°45 N-N 429 


EXPERIMENTAL. 


Potassium sulphamate was prepared by neutralising sulphamic acid with potassium 
hydroxide; large crystals were obtained by slow evaporation of the aqueous solution, The 
crystals are orthorhombic combinations of c{001}, ¢{021}, r{101}, and o{111} tabular on {001}. 
The pyramid faces are usually small; on one crystal a{100} was observed. The crystals 
described by Fock (Groth, ‘Chem. Kryst.,” 2, 719) were similar except that {111} was more 
prominent, and {101} was not observed. 

Rotation and oscillation photographs about the principal axes were taken with Cu-Ka and 
Mo-Kz« radiation. The observed density (by flotation) was 2-23 g./cm.® (calc. for 4 molecules 
of NH,°SO,K, 2-22). The axial ratios are a:b:¢c = 0-996:1:0-711 (cf. 0-994: 1: 0-710; 
Fock, loc. cit.). 

The reflection intensities of as many planes as possible (309) were measured on an arbitrary 
scale from oscillation photographs, and were afterwards put on the absolute scale by making 
direct comparisons of the intensities of 28 selected planes with the (400) rocksalt reflection. 


58 
42 


Relative Intensity Measurements.—A small crystal, as equally developed as possible, was used 
for a series of b-axis oscillation photographs, taken with Mo-K« radiation in order to minimise 
errors due to absorption. All {h0/} intensities were measured by means of a Cambridge micro- 
photometer, and the {hkl} intensities were estimated by eye, the {0/} intensities being used 
as standards. The results were corrected when necessary for oblique incidence of the X-rays 
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on the film, and for the variation in angular velocity of the reflecting planes. A few planes were 
not measured on the molybdenum photographs and were obtained from those taken with Cu 
radiation. 

Absolute Intensity Measuremenis.—A large crystal was used, and spectra obtained by reflec- 
tion from the naturally occurring faces and from a surface ground parallel to (010). Each 
photograph had recorded on it, in addition to the sulphamate reflections, a (400) reflection 
from a ground cleavage slip of rocksalt, and direct photometric comparisons of the reflections 
were made. To reduce errors of photometry the conditions were arranged so that the photo- 
graphic densities to be compared were as nearly as possible equal. The intensities measured 
were {200} (four orders), {001} (six orders), {020} (four orders), {101} (five orders), (401), 
(501), (601), (102), (103), (104), (403), (603), and (111). In some cases the reflecting planes were 
not parallel to the surface of the crystal, and the usual formula Q = 2up, giving the integrated 
reflection per unit volume Q in terms of the linear absorption coefficient p and the integrated 
reflection from an extended face p, had to be modified. The equation is readily shown to be 


Q = up [cosec (6 + $) + cosec (6 — ¢)]/cosec (6 + ¢) 


where ¢ is the angle the reflecting plane makes with the surface of the crystal, and 6 its glancing 
angle. The values of Q obtained from these absolute measurements were used to put all the 
intensities on the absolute scale. The structure amplitudes F were calculated by means of the 
usual formula for a mosaic crystal; they are listed in Table III with the signs used in the final 
synthesis. / 

Sulphamic Acid (with F. J. LLEwEttyn).—The crystals examined were similar in habit to 
those described by Fock (Groth, op. cit.,1, 129). The dimensions of the unit cell, which contains 
8 molecules of SO,,NH;, are a = 8-06, b = 8-05, c = 9-22 A, whence a:b: c = 1-001: 1: 1-146 
(cf. 0-995 : 1: 1-149, Fock, loc. cit.). Density observed by flotation, 2-12 g./cm.* (Calc., 2-16). 
The missing reflections are {hk0} for k odd, {h0l} for h odd, and {0k/} for / odd, so that the 
space-group is Pcab (D,,15). 


THE UNIVERSITY, BIRMINGHAM. [Received, July 22nd, 1939.] 





2. The Synthesis of Compounds Related to the Antirachitic 
Vitamins. Part II. 


By Joun B. ‘ALDERSLEY, G. NORMAN BURKHARDT, ALBERT E. GILLAM, 
and NATHAN C. HINDLEY. 


The preparation of cyclohexylideneacetaldehyde and 4-hydroxycyclohexanone 
is described together with their condensation to form the dienone (II) (compare 
Aldersley and Burkhardt, J., 1938, 545). Attempts to introduce an exocyclic 
methylene group in place of the carbonyl oxygen in (II) have apparently led to the 
formation of mixtures of isomeric hydroxytrienes, C,;H,,O0. The predominant iso- 
meride is considered to have the third ethylene bond in the cyclohexane ring (VI) 
and not in the exocyclic position (I). 

The preparation of cyclohexylideneacetaldehyde by ozonolysis of 1-allylcyclo- 
hexanol is an example of a useful method for obtaining «$-unsaturated aldehydes. 


IN a preliminary note, Aldersley and Burkhardt (J., 1938, 545) outlined experiments directed 
to the synthesis of compounds containing the triene system and hydroxyl group characteristic 
of the antirachitic vitamins (I). The present communication gives details and extensions 


‘CH, ahs 5 
a) HOW icHcH: H HCH > aL) 


of this work. In the interval Dimroth (Ber., 1938, 71, 1333, 1346, 2658) has described the 
synthesis, by similar methods, of substances analogous to our products but not containing 


a ng — group (compare also Milas and Anderson, J. Amer. Chem. Soc., 1939, 
5. 
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Partial hydrolysis of trans-quinitol diacetate (1: 4-diacetoxycyclohexane) under 
carefully controlled conditions gave a 60% yield of guinitol monoacetate. Oxidation of 
the product gave 4-acetoxycyclohexanone, which was hydrolysed to 4-hydroxycyclo- 
hexanone. 

cycloHexylideneacetaldehyde (IV) was prepared, in 35% yield, by the ozonolysis of 
1-allyleyclohexanol (III). 1-Hydroxyeyclohexylacetaldehyde, which was an intermediate 
product, was partly dehydrated to give also cyclohexenylacetaldehyde (V), which was 


\ 


CH,:CH-CH, OH CHO-CH CHO:-CH, 
(III.) (IV.) (V.) 
removed by distillation. The formation of this isomeride can apparently be almost entirely 
prevented by removing all traces of alkali before distillation. 

cycloHexylideneacetaldehyde was condensed with 4-hydroxycyclohexanone or with 4- 
acetoxycyclohexanone in presence of excess of dilute sodium hydroxide, the procedure used 
by Vorlander and Kunze (Ber., 1926, 59, 2078) for preparing monobenzylidenecyclohexanone. 
The hydroxydienone (II) was formed together with products of higher molecular weight, 
which predominated when piperidine—acetic acid or hydrogen chloride was used as catalyst. 
(II) was converted into its acetate and both were characterised as derivatives. 

The acetate of (II) was treated with bromoacetic ester and zinc, the product successively 
hydrolysed with dilute alkali solution and dehydrated with acetic anhydride, the acetyl 
group removed, and the unsaturated acid decarboxylated (compare Wallach, Amnalen, 
1909, 365, 255). The product readily combined with phenyl isocyanate to give a solid 
which after recrystallisation or vacuum sublimation (m. p. 123—132°) showed an absorption 
spectrum indistinguishable from that of a crude sample (m. p. 105—126°) and gave the 
analysis required for the phenylurethane of the anticipated hydroxytriene (C,,H,,0,N). This 
derivative was unstable in air. A dinitrobenzoate was also prepared and the crude 
hydroxytriene which was regenerated from it was sent to Mr. A. L. Bacharach of Glaxo 
Laboratories, Ltd., who kindly carried out preliminary tests for antirachitic activity but 
with negative results. 

With excess of methylmagnesium iodide the dienone (II) gave a product very similar 
to the product from the Reformatsky reaction according to all the criteria examined. 
The mixed m. p. of the phenylurethanes showed no depression or broadening of the m. p. 
range. 

There is a considerable difference between the absorption maximum of calciferol, 1 = 
2650 a., and that of the synthetic hydroxytriene, 1 = 2800 a. The latter corresponds in 
location with the maxima shown by the unhydroxylated products obtained by Dimroth 
(loc. cit.), who also observed that the triene, which he obtained from his dienone by the 
Reformatsky method, was unchanged on heating in nitrogen at 200°. These results, 
together with the properties of our products and their derivatives, suggest that by both 
methods a mixture of hydroxytrienes is formed containing a predominant amount of 
(VI). The isomerisation of the product by irradiation and the further characterisation of 
its constituents are being examined. 


‘6: \ 
“1) 4 3) cHX > H CHCHKX > (VIL.) 


OH 
"06 
(VIIIa.) 
On 
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The reduction of the dienone (II) with aluminium isopropoxide gave a good yield of a 
hydroxytriene presumably having the constitution (VII). 


Fic. 1. 
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A,A. 
Absorption spectra (in ethyl alcohol). 


1. The hydroxydienone (II). 
2. Phenylurethane of the hydroxydienone (II). 
3. Phenylurethane of cyclohexanol. 
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Absorption spectra (in ethyl alcohol). 


1. The hydroxytriene from the Reformatsky method. 

2. Phenylurethane of the hydroxytriene from the Reformatsky method. 
3. The ee a from the Grignard method. 

4. Phenylurethane of the hydroxytriene from the Grignard method. 
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The dienone (II) and its acetate have each been isolated in a single isomeric form only. 
(VIIIa) and (VIII6) represent the two theoretically possible isomerides, written so as to 
retain the opened-phenanthrene skeleton. The two forms should be readily convertible 
through enolisation, but heating for several hours, with piperidine—acetic acid as a 
condensing catalyst, gave no evidence of cyclisation to hydroxyoctahydrophenanthrene. 
This suggests that the carbonyl group is stereochemically remote from the active « position 
as in (VIII6b), but the action of other condensing agents is being examined. 

It is perhaps worthy of note that the evidence on the corresponding stereochemistry of 
the antirachitic vitamins is not conclusive either. The general resemblance between the 
crystal structures of calciferol and ergosterol and the easy cyclisation of calciferol to 
pyrocalciferol suggest a formula corresponding to (VIIIa), but the unexpectedly short 
length of the calciferol molecule according to X-ray data (Bernal and Crowfoot, Chem. and 
Ind., 1935, 18, 701) would be accounted for on a formula analogous to (VIIId) and the 
conditions used for ring opening from lumisterol or for recyclisation might be expected to 
permit any necessary change of geometrical isomérism. 


EXPERIMENTAL. 


Quinitol Diacetate.—Quinitol (50 g.) and acetic anhydride (200 c.c.) were refluxed for an 
hour and then poured into hot water. The diacetate (90% yield) separated on cooling and was 
recrystallised from dilute alcohol; m. p. 102—103° (évans-isomeride; Palfrey and Rothstein, 
Comp. vend., 1928, 186, 1007). 

Quinitol Monoacetate.—Potassium hydroxide (11 g. pure) in 50% alcohol (50 c.c.) was dropped 
during 5 minutes into quinitol diacetate (50 g.) dissolved in 50% alcohol (350 c.c.) at 40—50° 
with vigorous stirring. The alcohol was removed under reduced pressure and the unchanged 
diacetate (5 g.), which crystallised on cooling, was separated. The monoacetate (24 g.; 60% 
of the theoretical) was isolated by chloroform extraction of the aqueous liquor and distilled, 
b. p. 186—137°/15 mm. This material, which generally still contained a small amount of 
quinitol diacetate, was oxidised without further purification. 

By this method Mr. J. Wardleworth has recently obtained crystalline quinitol monoacetate, 
m. p. 68—72° (Found: C, 60-4; H, 8-9. C,H,,O, requires C, 60-7; H, 8-9%). 

4-A cetoxycyclohexanone.—Quinitol monoacetate (22 g.) in glacial acetic acid (50 c.c.) was 
oxidised in the cold with chromic acid (12 g.) in acetic acid (12 c.c. of glacial acid, 8 c.c. of 
water). After leaving overnight, water (100 c.c.) was added, and the solution extracted with 
chloroform (500 c.c.). The extract was washed with a little water, dried, and distilled, giving 
a. colourless liquid (15 g.), b. p. 124—126°/14 mm., 110°/8 mm., 235°/760 mm. The semi- 
carbazone had m. p. 182° (Found: N, 19-8. Calc. for C,H,,0O,N: N, 197%). The 2:4 
dinitrophenylhydrazone recrystallised from alcohol had m. p. 176°. 

4-Hydroxycyclohexanone.—Crude 4-acetoxycyclohexanone (50 g.), which gave an acetyl 
value corresponding to the presence of 16% of quinitol diacetate, was hydrolysed by standing 
for 24 hours at room temperature with 2n-sodium hydroxide (300 c.c.). The clear light brown 
liquid was neutralised with dilute acid, and the water removed by prolonged heating on a steam- 
bath. The residue was taken up with ethyl acetate and treated with anhydrous sodium sulphate. 
On evaporation and fractionation through a Widmer column it gave 4-hydroxycyclohexanone 
as a colourless mobile liquid (28 g.), b. p. 83—85°/0-6 mm. (Found: C, 63-4; H,9-0. C,H,,O, 
requires C, 63-1; H, 8-8%). A higher fraction distilling at 95—100°/0-6 mm. crystallised on 
cooling and was identified as quinitol. 

Acetylation of 4-Hydroxycyclohexanone.—4-Hydroxycyclohexanone (7 g.) was refluxed with 
acetic anhydride (60 c.c.) for 3 hours, and the bulk of the acetic anhydride removed under 
reduced pressure. After standing with water (30 c.c.) for 24 hours the acetate was isolated by 
chloroform extraction, yielding pure 4-acetoxycyclohexanone as a colourless liquid, b. p. 
112—114°/11 mm. (Found: C, 61-0; H, 7-9. C,H,,O0, requires C, 61-4; H, 7-8%). 

The Oxidation of Quinitol.—This was carried out by adding chromic anhydride (23 g.) in 
acetic anhydride (100 c.c.) to a cooled (10—15°) and vigorously stirred solution of quinitol 
(40 g.) in acetic anhydride (200 c.c.). After standing overnight, the solvent was removed 
under reduced pressure. Water (100 c.c.) was added to the sticky residue. After 2 hours, 
chloroform extraction gave a liquid (17 g.), b. p. 235°, contaiming 67% of 4-acetoxycyclo- 
hexanone (estimated as dinitrophenylhydrazone). The other constituent was shown to be 
quinitol diacetate, which was precipitated by adding water, from which acetoxycyclohexanone 
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was extracted with chloroform and distilled. The aqueous liquors from the first chloroform 
extractions were evaporated and from the residue 1 : 4-cyclohexanedione (m. p. 79°, b. p. 121— 
124°/11 mm.) was isolated (compare Sabetay and Bléger, Compt. rend., 1930, 191, 104). 

4-Acetoxy-2 : 6-dibenzylidenecyclohexanone.—Dry hydrogen chloride was passed into 4- 
acetoxycyclohexanone (5-2 g.) and benzaldehyde (3-5 g.; 1 mol.) in glacial acetic acid (15 c.c.). 
After leaving overnight, the solid was filtered off, washed and recrystallised from 95% alcohol; 
m. p. 165° (Found: C, 79-3; H, 5-7. Calc. for C,,H,.O,: C, 79-5; H, 60%). No mono- 
benzylidene derivative was detected in the mother-liquors. 

1-Allylcyclohexanol.—This was prepared by the method of Jaworski (Ber., 1909, 42, 436; 
compare Mazurewitsch, Chem. Zentr., 1911, II, 1922) and was obtained as a colourless liquid 
(55% yield), b. p. 72—75°/11 mm., together with cyclohexenylcyclohexanone, b. p. 1388—142°/11 
mm. (semicarbazone, m. p. 202° after recrystallisation), and a higher fraction, b. p. 210—215°/11 
mm. 1-Allylcyclohexanol on treatment with 3: 5-dinitrobenzoyl chloride in the presence of 
excess of pyridine readily yielded the 3 : 5-dinitrobenzoate, which crystallised from benzene— 
light petroleum in needles, m. p. 101—103° (Found: N, 8-6. C,,H,,0,N, requires N, 8-4%). 

cycloHexylideneacetaldehyde.—1-Allylcyclohexanol (36-5 g.) in acetic acid (150 c.c.) at 0° 
was ozonised for 20 hours, and the ozonide warmed under reflux with zinc dust (10 g.). The 
vigorous decomposition was moderated by cooling in ice, and the reaction then completed on 
the steam-bath (} hour). The brown liquid was diluted with ether, filtered, and just neutralised 
with a suspension of sodium bicarbonate in water. The ethereal layer was washed with very 
dilute sulphuric acid and several times with water and dried over alkali-free sodium sulphate, 
and the solvent distilled. The residue on fractionation gave a small first fraction and a main 
fraction, b. p. 85—87°/9 mm. (35% yield), showing a single absorption band in alcohol, 4 = 
2400 A., Emax. = 15,900. Dimroth (loc. cit.) found } = 2320 A., emax. = 17,400 in ether, a solvent 
which apparently gives a displacement of maximum to shorter wave-length (~50 a.) and slightly 
higher ¢ values for the pure dienone (II). The residue in the distillation flask, presumably 
containing hydroxy-aldehyde, on slow distillation with catalytic amounts of iodine yielded 
further quantities of impure aldehyde. 

Condensation of 4-Hydroxycyclohexanone and cycloHexylideneacetaldehyde.—4-Hydroxy- 
cyclohexanone (36-4 g.; 0-41 mol.) in 0-086N-sodium hydroxide (1 1.) was shaken in nitrogen with 
cyclohexylideneacetaldehyde (28-2 g.; 0-23 mol.), added in five equal parts during 24 hours. 
Shaking was continued for a further 24 hours, the mixture titrated to neutrality with sulphuric 
acid, and the thick yellow oil which had separated taken up with ether. After drying, distill- 
ation gave a main fraction (21 g.), b. p. 168—173°/0-01 mm., as a thick yellow oil which partly 
crystallised on prolonged standing and gave needles of 2-keto-5-hydroxy-af-dicyclohexylidene- 
ethane (II), m. p. 65—69°, from light petroleum—acetone (Found: C, 76-0; H, 9-5. Cy4H4,O, 
requires C, 76-3; H, 9-2%), showing a single maximum in its absorption spectrum, A = 3090 a., 
€max. = 23,200 in alcohol, characteristic of the conjugated dienone system. The pure dinitro- 
phenylhydrazone (m. p. 170—171°) and the phenylurethane (m. p. 180°) (Aldersley and 
Burkhardt, loc. cit.) were prepared by the usual methods. 

Acetylation of the Condensation Product (I1).—The total main fraction, b. p. 168—173°/0-01 
mm. (6 g.), was refluxed in nitrogen for 2 hours with acetic anhydride (80 c.c.), and the bulk of 
the acetic anhydride removed under reduced pressure. Water (100 c.c.) was added to the 
residue, and the mixture heated on the steam-bath for 1 hour in nitrogen, cooled, and ether- 
extracted. The extract was washed to neutrality with sodium bicarbonate solution and-water 
and dried, and solvent removed. Distillation of the residue gave a main fraction (5-2 g.), b. p. 
140—150°/0-002 mm., 4 = 3070A., emax. = 17,930, as a pale yellow oil which c 
completely on standing. Recrystallisation from acetone-light petroleum gave colourless 
needles, m. p. 80—82° (Found: C, 73-05; H, 8-5. C,,H,,O, requires C, 73-2; H, 8-5%). 
Absorption maximum, A = 30904., emax. = 23,300. This acetoxydienone gave a deep red 
2 : 4-dinitrophenylhydrazone, m. p. 187—189° (Found: C, 59-4; H, 6-1; N, 12-6. C,,H,,O,N, 
requires C, 59-7; -H, 5-9; N, 12-7%), which was very sparingly soluble in alcohol, in contrast to 
the corresponding hydroxy-derivative. The acetoxydienone and aqueous alcoholic semi- 
carbazide acetate gave a pale yellow solid, m. p. 205—210° (decomp.) after recrystallisation from 
absolute alcohol, which was sensitive to air, turning deep yellow, and showed a single absorption 
band A = 3120 A., tmax. = 22,030 (Found: N, 12-9. C,,H,,0,N; requires N, 13-2%). 

Reaction of the Hydroxydienone (11) with Methylmagnesium Iodide.—A solution of the hydr- 
oxydienone (II) (2 g.; A = 3070 A., emax. = 16,060) in absolute ether (30 c.c.) was added during 
5 minutes to a solution of methylmagnesium iodide (from methyl iodide, 6-4 g.) in absolute ether 
(50 c.c.) with precipitation of a pale yellow solid. The mixture was refluxed for 20 minutes, 
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cooled, and decomposed with ice-cold ammonium chloride solution. The ethereal layer was 
washed to neutrality with dilute sulphuric acid and water, dried over alkali-free sodium sulphate, 
and evaporated. The residual orange-coloured oil showed a main band, \ = 2450 A., emax. = 
16,400, indicating that the tertiary alcohol had not been dehydrated. A second band, A = 
3080 A., emax. = 8200, corresponded to unchanged ketone. Distillation of the product gave a 
main fraction (0-8 g.}, b. p. 140—150°/0-003 mm., as a viscous, pale yellow oil showing a single 
absorption band, 4 = 2815 A., emax, = 24,500. ‘This material readily gave a phenylurethane 
which after one recrystallisation under nitrogen from benzene—petrol and one from acetone— 
water had m. p. 105—127°, and showed two absorption bands, 4 = 2770 A., emax. = 38,150; 
A = 2390 A., Emax. = 20,900.* Repeated crystallisation from acetone—water gave fine white 
needles, m. p. 125—135°, and further recrystallisation from a variety of solvents failed to increase 
the m. p. or decrease the m. p. range. Exposure to air gave rise to a broadening of the m. p. 
range. A sample of the phenylurethane was distilled in a high vacuum (furnace temp. 140°), 
giving a white crystalline sublimate, m. p. 123—132°, showing two absorption bands, 4 = 2770 
A., Emax. = 40,780; A = 2390 A., Emax. = 23,000. 

Attempted Introduction of an Exocyclic Methylene Group (compare Wallach, loc. cit.).—Zinc 
needles (2-6 g.) were covered with absolute benzene (40 c.c.), and redistilled Kahlbaum’s ethyl 
bromoacetate (6-7 g.) added, followed by a solution of the acetoxydienone (5-2 g.; A = 3070a., 
€max. = 17,930). Warming under reflux with the slow passage of dry nitrogen through the 
mixture induced a steady reaction and after 3 hours the deep red liquid was decomposed with 
dilute sulphuric acid and washed five times with water. Drying over alkali-free sodium sulphate 
and removal of solvent, finally under vacuum, furnished an orange-coloured oil, which showed 
a single absorption band, A = 2460 A., emax. = 18,800, consistent with the presence of two 
exocyclic double bonds. This product was hydrolysed by refluxing for 1 hour in nitrogen with 
a solution of caustic potash (6 g. pure) in methyl alcohol (100 c.c.). The dark liquid was cooled 
and diluted with water, and the neutral fraction extracted in ether. The deep red aqueous layer 
was acidified with dilute sulphuric acid, and the product extracted with ether. After washing 
to neutrality and drying over alkali-free sodium sulphate, removal of solvent gave a yellow 
flaky solid, completely soluble in alkali and reprecipitated on acidification. On spectrographic 
examination the same single band was exhibited, A = 2470 A., emax. = 13,700, consistent with 
the presence of two conjugated exocyclic double bonds and indicating that the hydroxy-acid had 
not been dehydrated at this stage. The hydrolysis product was dissolved in acetic anhydride 
(27 c.c.), and the deep red solution heated in nitrogen for 45 minutes at 95°, followed by refluxing 
for 20 minutes. Removal of acetic anhydride under reduced pressure, followed by gentle 
warming in a water-bath under a high vacuum, gave a clear red oil, 4 = 2790 A., Emax. = 11,700 
(Found: C, 71-9; H, 8-6. C,sH,,O, requires C, 71-0; H, 7:95%. C,,H,,O, requires C, 
78-4; H, 93%). The dehydration product was hydrolysed by refluxing in nitrogen for 40 
minutes with a solution of caustic potash (2 g.) in methyl alcohol (60c.c.). The reaction mixture 
was titrated with dilute sulphuric acid to a slightly acid reaction, the colour changing from red 
to yellow. The product was ether-extracted, and the extract washed to neutrality with water 
and dried over alkali-free sodium sulphate in nitrogen. Removal of solvent gave an orange- 
coloured oil, which on slow distillation in a vacuum gave a main lower fraction (0-6 g.), b. p. 
140—150°/0-002 mm. This material in alcohol showed a single band, 4 = 2815 A., emax. = 
26,400. Treatment of a sample of the above fraction (0-2 g.) in absolute benzene with 3: 5- 
dinitrobenzoyl chloride and excess of pyridine yielded a solid 3 : 5-dinitrobenzoate, m. p. 70° 
after one recrystallisation from alcohol. Hydrolysis of this material (80 mg.) in nitrogen with 
2% methyl-alcoholic caustic potash gave a deep-coloured oil, which was distilled on a molecular 
still under a high vacuum. The temperature bath being maintained at 110°, a first fraction was 
collected as a pale yellow oil showing a single band in alcohol, 4 = 2805 A., emax. = 28,000 
(Found: C, 81-2; H, 10-2. C,;H,,O requires C, 82-5; H, 10-2%). The hydroxytriene 
distilling at 140—155°/0-002 mm. (0-3 g.) gave a solid phenylurethane (m. p. 105—126°; from 
acetone—water after one crystallisation from benzene-light petroleum), which after recrystallis- 
ation and high-vacuum distillation had m. p. 123—132° (Found: C, 77-9; H, 8-3. C,,H,,O,N 
requires C, 78-3; H, 8-1%). This product gave no depression of m. p. with the phenylurethane 
of the corresponding Grignard product, which it closely resembled spectrographically, exhibiting 
two bands, A = 2805 4A., emax = 40,440; A= 2380 4., Emax = 24,260, which show little 


* The phenylurethane of cyclohexanol, m. p. 84°, showed two absorption bands, A = 2720 a., « = 826, 
and A = 2380 a., « = 17,380. It is therefore concluded that the position and intensity of absorption 
maxima near 2800 a., shown by these highly absorbing hydroxytrienes, should approximate to those of 
their phenylurethanes (see Figs. 1 and 2). 
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difference from the bands given by the crude phenylurethane, m. p. 105—126° (above), viz., 
A» = 2805 A., emax, = 42,100; 4 = 2400 A., Emax. = 24,780. 

Reduction of the Hydroxydienone.—The hydroxydienone (2 g.) was refluxed overnight with 
aluminium isopropoxide (22 g.) in isopropyl alcohol (100 c.c.), and the bulk of the alcohol removed 
on the steam-bath. The residue was poured into a solution of caustic potash (22 g.) in methyl 
alcohol (320 c.c.) and kept for 4 hour. After dilution with water the product was ether- 
extracted, and the extract washed to neutrality and dried over sodium sulphate. Evaporation 
of the solvent left a yellow oil, which gave no ketonic reactions and formed hard prisms, m. p. 
81—83°, after three recrystallisations from benzene-light petroleum (Found: C, 81-9; H, 
10-0. C,,H,,O requires C, 82-3; H, 9-9%). 0-96 Active hydrogen atom was found by the 
Zerewitinoff method. The product showed an absorption spectrum having two strong bands, 
A = 2705 A., Emax, = 42,100; A = 2820 A., Emax, = 40,900. 
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3. Polycyclic Aromatic H ydrocarbons. Part XXI. 
i By G. M. BapceEr, J. W. Cook, and F. GouLpEN. 


d The 6:9: 10-trimethyl and the 5:6:9:10-tetramethyl derivative of 1: 2- 
: benzanthracene have been synthesised for biological comparison with other hydro- 
: carbons of similar structure. 







THE strikingly rapid production of tumours of the skin of mice with 9 : 10-dimethyl- and 
\f 5:9: 10-trimethyl-l : 2-benzanthracene (Bachmann and E. L. and N. M. Kennaway, Yale J. 
tf Biol. Med., 1938, 11, 97) is in contrast to the almost complete carcinogenic inactivity of 
9 : 10-dimethyl-1 : 2 : 5 : 6-dibenzanthracene (Cook, Proc. Roy. Soc., 1932, B, 111, 494) and 
1" suggested the examination of further hydrocarbons of this class. We now record the 
| synthesis of 6: 9: 10-trimethyl- and 5: 6:9: 10-tetramethyl-1 : 2-benzanthracene. Reports 








; of tests for carcinogenic and growth-inhibitory activity will be published elsewhere. Asa 

condensed aromatic ring in the molecule of a carcinogenic hydrocarbon may sometimes 
be contracted to a five-membered ring or to two methyl groups without appreciable 
modification of carcinogenic activity, it seemed of interest also to examine 1 : 2:9: 10- 
tetramethylanthracene. This we were unable to obtain by the general procedure employed. 
| The method adopted consisted in the action of methylmagnesium iodide on the appro- 
ly priate derivatives of 9: 10-anthraquinone, conversion of the resulting diols into their 
dimethyl ethers (Type I), followed by treatment of these with metallic sodium, which gave 
the 9 : 10-dimethyl hydrocarbons (Type IT) : 
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1 This demethoxylation reaction is due to Bachmann and Chemerda (J. Amer. Chem. Soc., 

1938, 60, 1023), who have recently (ibid., 1939, 61, 2358) studied its mechanism. Analogous 
conversion of 9: 10-dimethoxy-1:2:9: 10-tetramethyl-9 : 10-dihydroanthracene into 

1:2:9:10-tetramethylanthracene (III) could not be effected, although 9 : 10-dimethyl- 

anthracene was obtained in good yield from the corresponding dimethoxy-compound. 
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EXPERIMENTAL: * »+* ++» oP Siel tee 3 

9: 10-Dimethoxy-6 : 9 : 10-tvimethyl-9 : 10-dihydro-1 “D-béneaslthbasene (i; R s= Me, R' =H). 
—A suspension of 6-methy]-1 : 2-benzanthraquinone (Dziewonski and Ritt, Bull. Acad. Polonaise, 
1927, A, 181) (7-1 g.) in pure dry benzene (30 c.c.) was added to methylmagnesium 
iodide (from 6-6 c.c. of methyl iodide, 2-4 g. of magnesium, and 40 c.c. of ether). After 2 hours, 
ice and ammonium chloride were added, the benzene-ether solution shaken with ammonium 
chloride solution, and the solvents removed. A few drops of methyl-alcoholic hydrogen chloride 
were added to a methyl-alcoholic solution of the residual gum-like crude diol. The resulting 
9 : 10-dimethoxy-6 : 9 : 10-trimethyl-9 : 10-dihydro-1 : 2-benzanthracene (2-35 g.) crystallised from 
benzene-methyl alcohol in colourless rectangular plates, m. p. 232—233-5° (Found : C, 82°85; 
H, 7°15. C,,H,,O, requires C, 83:1; H, 7-3%).° In another experiment the crude diol was 
obtained solid by trituration with benzene-cyclohexane. This tended to separate with solvent of 
crystallisation and was somewhat thermolabile. Recrystallisation from benzene, followed by 
drying in a vacuum at 60°, gave 9: 10-dihydroxy-6 : 9: 10-trimethyl-9 : 10-dikydro-1 : 2-benz- 
anthracene as a colourless microcrystalline powder, m. p. 151—152° (Found: C, 83-2; H, 6-9. 
rte requires C, 82-8; H, 6-6%). 

79: 10-Trimethyl-1 : 2-benzanthracene (II; R = Me, R’ = H).—A suspension of the afore- 
wad methyl ether (2 g.) in anhydrous ether (50 c.c.) was shaken with powdered sodium (0-28 g.) 
for 24 hours. Some of the resulting hydrocarbon (1 g.) was separated from the deep mauve 
solution, and a further quantity (0-5 g.) was obtained from the ethereal solution by concentra- 
tion, after washing with dilute hydrochloric acid. The hydrocarbon was purified through its 
picrate, which crystallised from benzene in lustrous purplish-brown plates, m. p. 145—146° 
(Found: C, 65-0; H, 4:9. C,,H,,,C,H,O,N, requires C, 64:9; H, 42%). The regenerated 
6:9: 10-trimethyl-1 : 2-benzanthracene formed yellowish plates (from benzene-alcohol), m. p: 
157—158° (Found : C, 93-3; H, 6-75. C,,H,, requires C, 93-3; H, 6-7%). 

3-Bromo-o-xylene. —o-3-Xylidine was isolated from technical o-xylidine through its crystal- 
line formyl compound (Hodgkinson and Limpach, J., 1900, 77, 65). Technical o-xylidine 
(from British Drug Houses) (100 g.) was heated on the water-bath for 2 hours with formic acid 
(37-5 g.) and water (115 c.c.). The formyl compound crystallised on cooling and was collected, 
well pressed, and recrystallised from aqueous alcohol. Hydrolysis of the formyl compound (m. p. 
102°) with sodium hydroxide (19 g.) in boiling alcoholic solution gave 50 g. of pure o-3-xylidine, 

o-3-Xylidine (25 g.) in 40% hydrobromic acid (120 c.c.) was diazotised by gradual addition 
of finely powdered sodium nitrite (15-6 g.) at such a rate that the temperature of the reactants, 
cooled in a freezing mixture, was maintained between 5° and 10°. . Freshly precipitated copper 
powder was then slowly added, after which gentle warming caused a vigorous reaction to set in; 
After 4 hour this was completed by } hour’s heating on the water-bath. The resulting 3-bromo- 
o-xylene (17-3 g.; b. p. 210—213°) was isolated by steam-distillation, first from the mixture 
and then in presence of alkali, followed by distillation. 

2-(2' : 3’-Dimethylbenzoyl)-1-naphthoic Acid.—A Grignard solution prepared from 3-bromo- 
o-xylene (30 g.), magnesium turnings (3-9 g.), and anhydrous ether (120 c.c.) was added drop- 
wise to a boiling solution of 1 : 2-naphthalic anhydride (Fieser and Hershberg, J: Amer. Chem. 
Soc., 1935, 57, 1853) (29-7 g.) in anhydrous benzene (270 c.c.). A thick yellow precipitate was 
formed. After 2 hours’ boiling, the cooled suspension was decomposed with ice and dilute 
sulphuric acid, and the benzene-ether solution extracted with dilute sodium carbonate solution. 
Acidification precipitated the crude acidic product, which became solid after a time. This was 
recrystallised from toluene and from acetic acid. Further purification of the keto-acid (yield, 
10-8 g.) was effected through its acetoxy-lactone, formed by heating on the water-bath for 2 
hours with acetic anhydride (18 c.c.) in pyridine (60 c.c.). This separated from xylene as a 
colourless microcrystalline powder, m. p. 189—191° (Found: C, 76-6; H, 54. C,,H,,O, 
requires C, 76-3; H, 5-2%), and was hydrolysed by alcoholic potash to 2-(2' : 3’-dimethylbenzoyl)- 
1-naphthoic acid, which formed small colourless needles (from toluene), m.: p. 168—169° (Found : 
C, 79-1; H, 5-4. C,.H,,0, requires C, 78-9; H, 5-3%). 

5 : 6-Dimethyl-1 : 2-benzanthraquinone.—A mixture of 2a% 3’-dimethylbenzoyl)-1-naph- 
thoic acid (5 g.) and benzoyl chloride (5 c.c.) was treated “a few drops of concentrated sul+ 
phuric acid and heated for an hour in an oil-bath at 130°. tion of hydrogen chloride had 
then ceased, and the hot solution was poured into fer cial hydroxide. After warming to 
complete hydrolysis of the benzoyl chloride the 5 : 6-dimethyl-1 : 2-benzanthraquinone (95% 
yield) was collected, washed, and recrystallised from acetic acid. It was identified by direct 
comparison with an authentic sample (Cook and Haslewood, J., 1934, 433), and for the pre- 
paration of this quinone in quantity the present method is preferable to the former one. 
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9 > 10-Dihytroxy-6 : 8. 9 » 1O-tetramethyl-9 : 10-dihydro-1 : 2-benzanthracene.—This diol (2-2 g.) 
wos obtaired from 5 : 6.dimiethyl-1+ 2-benzanthraquinone (5 g.) and methylmagnesium iodide 
(from 6 c.c. of methyl iodide and 1-8 g. of magnesium) by 2 hours’ boiling in benzene-ether 
(compare the above described reaction with the 6-methyl quinone). It separated from benzene 
in clumps of microscopic colourless crystals, m. p. 217—219° (Found : C, 82-8; H,6-9. C,.H,,O, 
requires C, 83-0; H, 7:0%). On treatment for 1 hour at room temperature with methyl alcohol 
containing one drop of concentrated hydrochloric acid, this diol (5-6 g.) gave 9 : 10-dimethoxy- 
5:6: 9: 10-tetramethyl-9 : 10-dihydro-1 : 2-benzanthracene (I; R = R’ = Me) (46 g.), which 
crystallised from benzene—methyl alcohol in colourless rectangular prisms, m. p. 229—230° 
(Found : C, 83-1; H, 7-4. C,,H,,O, requires C, 83-2; H, 7-6%). 

5:6: 9: 10-Tetvamethyl-1 : 2-benzanthracene (Il; R = R’ = Me).—A suspension of the 
aforesaid dimethyl ether (4-6 g.) and powdered sodium (0-6 g.) in ether (150 c.c.) was shaken for 
48 hours. The purple solution was treated with a few drops of methyl alcohol and washed with 
dilute hydrochloric acid. The hydrocarbon obtained on evaporation was recrystallised from 
alcohol (yield, 3-7 g.) and purified through its purplish-brown crystalline picrate, m. p. 120—121° 
(Found: C, 65-8; H, 4-75. C,H »,C,H,O,N,; requires C, 65-5; H, 45%). Dissociation of 
the picrate was effected by passing its benzene solution through a tower of alumina, and the 
resulting 5: 6:9: 10-tetramethyl-1 : 2-benzanthracene (3-1 g.) formed pale yellow needles, m. p. 
132—133° (Found : C, 92-6; H, 7-1. C,,H,, requires C, 92-9; H, 7-1%). 

The ready isolation of peroxides by photo-oxidation of this tetramethylbenzanthracene and 
of 6:9: 10-trimethylbenzanthracene has been reported elsewhere (Cook, Martin, and Roe, 
Nature, 1939, 148, 1020). 

2-(2’ : 3’-Dimethylbenzoyl)benzoic Acid—A Grignard solution prepared from 3-bromo-o- 

xylene (above) (30 g.), magnesium turnings (4 g.), and anhydrous ether (100 c.c.) was added 
dropwise during } hour to a boiling solution of phthalic anhydride (21 g.) in pure benzene 
(200 c.c.) (compare Weizmann and E. and F. Bergmann, J., 1935, 1367). After 2 hours’ boiling, 
the suspension was cooled and decomposed with ice and dilute sulphuric acid, and the 2-(2’ : 3’-di- 
methylbenzoyl)benzoic acid (25 g.) isolated by means of sodium carbonate solution and recrystal- 
lised from benzene-light petroleum. It formed colourless prisms, m. p. 126—127° (Found : 
C, 75-5; H, 5-5. Ci gH,,O, requires C, 75-6; H, 5-5%). 
. 1: 2-Dimethylanthraquinone was obtained in 80% yield when this keto-acid (10 g.) was 
heated for 1} hours at 130° with benzoyl chloride (10 c.c.) and a few drops of concentrated sul- 
phuric acid. The quinone formed pale yellow needles (from acetone), m. p. 154-5—155-5°. 
Fairbourne (J., 1921, 119, 1573), who isolated this quinone from a mixture consisting chiefly of 
2 : 3-dimethylanthraquinone, gives m. p. 150°. 

1 : 2-Dimethylanthvacene.—1 : 2-Dimethylanthraquinone was reduced in two stages to the 
hydrocarbon, the procedure being that described by Badger and Cook (J., 1939, 804) for the 
reduction of 1: 2-benzanthraquinone. The resulting 1 : 2-dimethylanthracene was distilled at 
180° /0-4 mm. (86% yield) and formed colourless transparent plates (from acetic acid), m. p. 
85-5—86° (Found: C, 92-95; H, 7-0. C,.H,, requires C, 93-15; H, 6-85%). 

9 : 10-Dihydroxy-1 : 2: 9: 10-tetramethyl-9 : 10-dihydroanthracene.—A suspension of 1: 2- 
dimethylanthraquinone (7-1 g.) in dry benzene (35 c.c.) was added with constant stirring to a 
Grignard solution prepared from methyl iodide (8-4 c.c.), magnesium turnings (3-3 g.), and 
anhydrous ether (50 c.c.). The mixture was kept at room temperature overnight and then 
decomposed with ice and ammonium chloride. The diol, obtained in variable yield (up to 
3-2 g.), was-isolated by evaporation of the benzene-ether solution as an oil, which solidified on 
trituration with light petroleum. It crystallised from benzene in colourless lustrous plates, 
m. p. 162—163° (Found: C, 80-3; H, 7-6. C,gH,O, requires C, 80-6; H, 75%). By treat- 
ment for several hours with cold methyl] alcohol containing a trace of hydrochloric acid this was 
converted into. 9: 10-dimethoxy-1:2:9: 10-tetramethyl-9 : 10-dihydroanthracene (50% yield), 
which crystallised from benzene—methy] alcohol in colourless transparent plates, m. p. 140— 
141-5° (Found :- C, 80-8; H, 8-25., C,9.H,,O, requires C, 81-0; H, 8-2%). 

This dimethoxy-compound was recovered unchanged after being shaken for 6 days with 
sodium powder in ether. 
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4. Chromic Oxide as an Adsorbent. 


By E. H. Harparp and A. KING. 


The adsorption of carbon tetrachloride on chromic oxide prepared by different 
methods has been measured. It is possible to correlate the adsorption capacity with 
the mode of formation. The isotherms are of a common type showing unimolecular 
adsorption, completed in the middle pressure range, and capillary condensation, which 
sets in at higher pressures. The greater the amount of unimolecular adsorption the 
lower is the pressure at which capillary condensation commences. There is a greater 
size distribution of the capillaries than with most other adsorbents. On the assump- 
tion that a capillary condensation mechanism is operative, a relationship has been 
worked out between the surface area and the mass of vapour adsorbed at a given 

essure. 

” The adsorption isotherms of a series of organic vapours and of water on chromic 
oxide have been compared, and the effect of dipole moment discussed. On successive 
adsorptions and desorptions of chloroform on chromic oxide, the shape of the isotherm 
changes and the amount of adsorption becomes progressively smaller until it is only 
a fraction of its initial value. This is accompanied by capillary condensation setting 
in at increasingly higher pressures, and appears to be due to a destruction of the 
smaller capillaries by the adsorption of the vapour. 

The fine structure of the adsorption isotherm of chloroform on chromic oxide 
has been measured by a new type of static apparatus. The isotherm is discontinuous 
both in the unimolecular and in the Langmuir portion of the curve. 


OnE of us (King, Trans. Faraday Soc., 1935, 31, 935) suggested that the great porosity 
and hence adsorption capacity of charcoal is due to its formation by chemical reaction 
in the solid state accompanied by copious gas evolution, rearrangement and orientation 
of molecules being relatively slow under these conditions. It was shown that the 
adsorption capacity of different samples of charcoal is conditioned by the amount of gas 
evolution and physical state during charring. 

In order to test this theory, an attempt was made to investigate the properties of 
adsorbents formed by other solid reactions in which large amounts of gas are evolved. 
Chromic oxide seemed suitable for this purpose, since it is chemically simpler than char- 
coal and might therefore be expected to have reproducible surface properties. The 
chromic oxide initially chosen was that produced by thermal decomposition of ammonium 
dichromate since it is very bulky. It was hoped that, by decomposing the dichromate 
under reduced pressure, a still more porous material might be obtained, and that by con- 
trolling the pressure, a series of preparations of graded porosity would result. It was 
found, however, that at low pressures the reaction afforded a different product (see J., 
1938, 955; 1939, 55). 

Chromic oxide was prepared by a variety of methods calculated to produce samples 
of widely different porosity. In each case the adsorption isotherm of carbon tetrachloride 
on the oxide was measured, the adsorption capacity of the oxide for an inert, volatile 
liquid being presumably proportional to its specific surface «yea. The following modes of 
preparation were employed, the numbers corresponding .» the adsorption isotherms 
plotted in Fig. 1: Ignition of (1) ammonium dichromaie, (2) chromic hydroxide in a 
vacuum at 400°, (3) chromic hydroxide at atmospheric pressure, (4) a mixture of ammonium 
chloride and potassium dichromate, (5) chromic acid, (6) mercurous chromate in a vacuum, 
(7) mercurous chromate at atmospheric pressure. 

The carbon tetrachloride isotherms for the pressure range 0—60 mm. which are plotted 
in Fig. 1 show the great differences in adsorption capacity of the different preparations ; 
the oxide (1) has the greatest capacity, as is to be expected from its mode of preparation, 
large volumes of gases being evolved during the reaction at a temperature below that at 
which the molecules could easily rearrange themselves into the regular lattice. This is 
indicated also by the bulky nature of the sample. Specimen (2) is only slightly less 
active, being prepared in a physically analogous manner to that of (1), yet it was relatively 
compact, indicating, as with charcoal, that a low bulk density shows the existence of a 
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coarse porosity but not necessarily the presence of the ultra-pores which form the main 
contribution to the surface area and adsorption capacity of the sample. Comparison of 
oxides (2) and (3) shows that the porosity increases with the rate of evolution of the gases 
during their formation : this is again borne out by the relative adsorptions of (6) and (7). 
In spite of the copious gas evolution during the preparation of sample (4) this oxide did 
not show such a high capacity for adsorption as samples (1) and (2), probably owing to 
the less intimate mechanical mixture in (4). The adsorption capacity of samples (6) 
and (7) is a mere fraction of that of the first members of the series, in spite of the fact 
that mercury vapour was given off during the formation of the oxide. This is no doubt 
partly due to the smaller volume of evolved gases, but probably more to the higher temper- 
ature required for the removal of the mercury. It was found, however, that once the oxide 
had been prepared, prolonged ignition had only a minor effect on its adsorption isotherm ; 


Fic. 1. 


100+ 









s 
’ 


$ 


a, mg./g. 
$ 


; T 


Amount of vapour adsorbe 
- t2 











10 od pager 











Vapour pressure. 


the initial structure produced by gas evolution thus seems difficult to break up, a fact 
which it is difficult to reconcile with the great mobility of the surface in the presence of 
adsorbed layers (see p. 25). 

Capillary Condensation.—The form of isotherm shown in Fig. 1 is of a very common 
type; ¢.g., curve (3) may be separated into two distinct parts, the first, ranging from 
0 to 30 mm., corresponding in shape to the typical Langmuir isotherm, and the second, 
in which the adsorption increases continuously to saturation pressure, being very similar 
to the curves: attributed by other workers to capillary condensation. 

The capillary condensation theory regards the adsorbent as consisting of a large number 
of capillary tubes of different diameter. Since the vapour-pressure lowering in these 
tubes should be considerable, condensation will take place at a pressure much below the 
normal vapour pressure of the adsorbate. The various samples of chromic oxide should 
therefore differ in their adsorptive properties, not only because of differences in the total 
surface areas of the different preparations, but also because of the difference in the number, 
size, and distribution of the capillaries. There should thus be two variables: (1) The 
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_ surface area, which can be estimated relatively from the weight of vapour corresponding 
to the flat portion of the Langmuir part of the isotherm where there is presumed to be 
a unimolecular layer on the whole effective surface. (2) The porosity of the powder, 
depending on the rate and extent of gas evolution during formation, and measured 
by the slope of the second part of the curve and by the pressure at which it 
commences. 

Examination of the curves suggests that these two variables are directly connected, 
as might be expected, since the surface area of the capillary tubes will be a large fraction 
of the total surface area. Those curves showing the largest surface area per unit weight 
are also those in which the capillary condensation portions have maximum slope and 
commence at the lowest pressures. Thus samples (1) and (2) which show maximum 
Langmuir adsorption have adsorption isotherms in which the sloping portion attributed 
to capillary condensation commences at a point where Langmuir adsorption is not yet 
complete. In the other isotherms there is a flat portion extending over a wide pressure 
range where unimolecular adsorption is complete but capillary condensation has not yet 
set in. It can be seen that the pressure at which capillary condensation commences 
increases as the adsorptive capacity decreases until, in sample (7), which is a very poor 
adsorbent, there is very little condensation, indicating a coarse structure with lack of 
small capillaries. 

The slope of the capillary condensation curves shown in Fig. 1 is somewhat different 
from that of those curves attributed to capillary condensation in other systems. In most 
of the cases where this phenomenon has previously been noticed, the curve rises very steeply 
from the unimolecular equilibrium position, being a nearly vertical straight line, and 
indicating the presence of capillaries of almost uniform size. In the case of chromic 
oxide, however, especially in specimen (1), the capillaries appear to extend over a wide 
range, unlike those in, ¢.g., charcoal and the hydrous oxide gels. 

It is clear that the chromic oxide system is ideal for the study of capillary condensation. 
An attempt has therefore been made to relate the capillary condensation portion of the 
curve with that due to unimolecular adsorption, on the assumption that this solid is 
composed of a collection of small pores of different diameter, 

Much theoretical work on capillary condensation depends on the validity of the Kelvin 
equation, viz., 


log p/p’ = 2SM|dRTr 


where # is the saturation vapour pressure, #’ that in the capillary, S is the surface tension 
of the liquid of density d, M the molecular weight of the vapour, R the gas constant, 
T the absolute temperature, and 7 the radius of the capillary; but this equation is only 
valid for a liquid whose surface tension and angle of contact with the solid remain constant 
with varying radius of curvature. 

If this equation is used to calculate from the adsorption isotherms the radius of the 
smallest capillary existing in chromic oxide, this is found to be about 1-7 x 10° cm., 
i.¢., it is smaller than the radius of the carbon tetrachloride molecule. This apparent 
contradiction has been noticed by other workers (Patrick, J. Physical Chem., 1925, 29, 
220) and may be due to the invalidity of the Kelvin equation for very small capillaries 
because of variation in surface tension or angle of contact of the liquid as the diameter of 
the capillary approaches molecular dimensions. Shereshefsky (J. Amer. Chem. Soc., 
1928, 50, 2966) found that the vapour pressure in small glass capillaries is lower than 
the theoretical value calculated from the Kelvin equation, and attributed this to changing 
surface tension. 

If it is assumed that a relationship similar to the Kelvin equation is valid except for 
those capillaries approaching molecular dimensions, the distribution of capillary sizes 
may be estimated, and the capillary condensation phenomena related to the unimolecular 
adsorption as follows. In Fig. 2, the amount of vapour (m) adsorbed by different samples 
of chromic oxide is plotted against 1/log , where # is the pressure of the adsorbate. 
Now, if it is assumed that 7 = k/log p, where & is a constant, the curve in Fig. 2 may be 
assumed to be that of the mass adsorbed plotted against the radius of the capillary. If 
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the slope of the previous curve, dm/dr, is plotted against 1 /log # or 7, it will be noticed that, 
for the section of the isotherm which has been attributed to capillary condensation, the © 
curve is almost a straight line; 1.¢.,dm/dr = 

Fic. 2. Kr where K is a constant, or 


m=%Kr . . . (1) 


Let f(r) represent the total length of all the 
capillaries of radius 7; then M, the mass of 
vapour adsorbed by capillary condensation 
by all capillaries of radius 7, and less, is 
given by 


M = 3" "nt. f()d = nd [79 407) -ar 


Introduction of equation (1), obtained from 
the practical results, then gives 


Amount of vapour adsorbed (m). 


}Kr,2 =k I "72 f(r) .dr 
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1/log p. Now the total surface area of a porous 


Nd be Oe os material can be considered to be that of the 
capillaries, as this will be very great compared with the rest of the surface. Let A represent 


the surface area of unit mass of the powder and 1, the radius of the largest capillary. Then 
died [ One f(r) dr = Qn f *y.(c/r) . dr [from equation (2)] 





= 2ncr, ° ° . . . . . . - . . (3) 
By substituting the value c/r instead of f(r) in the equation for M, we obtain 


Y 


M = nel "r.dr = ror? ss € # » RR one 


Considering the different samples of oxide whose isotherms have been determined, and 
to which the above reasoning should apply, there are only three variables, namely, c, 
r,,and 7,. The value of the radius of the largest capillary, 7, should be roughly the same 
for all the samples, and the value of 7, can be fixed by comparing the capillary condens- 
ation curves at the same pressure. Suppose that two curves a and b are compared, and 
let the values of the variables be correspondingly Ag, A», My, Ms, ca, ¢%. From equations 
(3) and (4) it follows that A,/c, = 2x7, = A,/c, and that M,/c, = 47,2 = M,/c,, hence 
A,/Ay = Ca/Cp = M,/M,. 
In the table are collected values of surface area and of mass of vapour adsorbed per - 
g. of adsorbent as obtained experimentally for preparations 2—6 (Fig. 1). The ratio 
M/A is practically constant, and the greatest discrepancy occurs in curve 6, where the 
assumption that the total surface area is represented by the surface area of the capillaries 
is no longer valid owing to the low porosity of the sample. It would appear that the 
relationship which has been assumed between the radius of a capillary tube and the vapour 
pressure of the liquid contained in it is tenable at least for chromic oxide. It follows then 
that the second part of the adsorption isotherm is to be attributed to capillary condens- 
ation. This is further discussed on p, 27. 
Mass of adsorbed gas measured at 
50mm. (1). 60mm. (2). 
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The Adsorption of Different Vapours on Chromic Oxtde.—A series of adsorption isotherms 
of carbon tetrachloride, chloroform, methylene chloride, and water vapours were deter- 
mined on similar samples of chromic oxide. The series of halogen compounds was chosen 
because of the negligible change in the size of the molecule, thus ruling out complexities 
due to steric effects, and because their difference in dipole moment should make notice- 
able any effect of this on the isotherms. The results are plotted in Fig. 3. Sample 
(1) of oxide was used, as for Fig. 1. The pressure is expressed as a fraction of the saturated 
vapour pressure at the temperature of the experiment (relative humidity) and the mass 
adsorbed as mg.-mols. of vapour per g. of oxide, so as to facilitate comparison of the 
isotherms. 

Of the adsorption isotherms shown in Fig. 3 those representing the carbon compounds 
are all of the same type as that for carbon tetrachloride. Whereas unimolecular saturation 
is reached for chloroform and methylene chloride before the onset of capillary condensation, 
yet for carbon tetrachloride the two processes are combined over the middle range of the 
isotherm. The isotherms for chloroform and methylene chloride, whose dipoles do not 
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differ greatly, are almost identical over a large pressure range, the total adsorption and the 
pressure at which capillary condensation sets in being the same. In the initial part of the 
curve, however, the methylene chloride completes its Langmuir adsorption at a lower 
relative pressure than the chloroform. 

The adsorption isotherm for water is somewhat different from that of the organic 
vapours, initial adsorption being complete at about 01 relative humidity. From this point 
the curve shows a constant increase in the amount of vapour adsorbed with increasing 
pressure over a considerable range, until the inception of capillary condensation is reached. 
It would appear that in this case a third type of adsorption mechanism is operating, This 
form of isotherm was noticed also for the adsorption of water vapour on some of the less 
active samples of chromic oxide, 

For a more direct comparison of the total adsorption of the various adsorbates it is 
necessary to allow for the widely differing saturation vapour pressures, For instance, 
at any relative vapour pressure the ratio of the number of water vapour molecules per 
litre to those of methylene chloride at the same relative vapour pressure is 1 ; 16; #,¢,, there 
are 16 times as many methylene chloride molecules arriving in unit time on unit surface 
of the adsorbent as water molecules, Hence, in Fig. 4 the amount of vapour adsorbed has 
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been expressed as mg.-mols. per g. of adsorbent, divided by the saturated vapour pressure 
of the vapour, #.e., as the proportion of vapour molecules in the vapour phase which are 
adsorbed by the solid. 

Plotting the curve in this fashion shows that the carbon tetrachloride isotherm now 
falls between those of water and chloroform. There is a definite decrease in the amount 
of adsorption of the organic vapours with dipole moment, a result contrary to that usually 
assumed. The water curve is comparable with that of carbon tetrachloride; this is prob- 
ably due to the smaller size of the water molecules, which are able to penetrate the smaller 
ultrapores inaccessible to the larger organic molecules. 

Successive Adsorptions on the Chromic Oxide Surface.—The adsorption isotherms shown 
in Figs. 1 and 3 were determined on samples of the oxide which had been thoroughly flushed 
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out with the adsorbate several times before measurement. This was considered necessary 
to remove surface impurities which might considerably modify the isotherms and render 
them unsuitable for theoretical discussion. It was assumed that these impurities are 
eliminated after about six flushings. Even after this treatment it was noticed, especially 
in the very porous samples, that there was a gradual drift in the position of the isotherm 
if the same sample was used for repeated determinations. The amount of the various 
vapours adsorbed by the powder became less and less as repeated adsorptions and de- 
sorptions were carried out, the effect continuing for such a large number of treatments 
that it was impossible to attribute it to cleaning of the surface. This phenomenon, which 
has not been noticed in other systems, is so marked that it was studied in some detail 
by carrying out the determination of the complete isotherm on a given sample of ad- 
sorbent a large number of times. A series of typical isotherms obtained with chloroform 
on chromic oxide prepared by method (1) are shown in Fig. 5.. The curves were obtained 
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as follows: (1) not flushed, (2) flushed twice, (3) flushed 5 times, (4) flushed 10 times, 
(5) flushed 20 times. 

It will be seen that the unflushed oxide has a typical Langmuir adsorption isotherm, 
with considerable evidence of capillary condensation; this is very similar in shape to that 
obtained previously on a sample which had been repeatedly flushed and was presumably 
free from surface impurities. The rapid establishment of unimolecular saturation at low 
vapour pressures and the large surface area are features of this isotherm. The isotherm 
redetermined, however, shows a distinct change of shape, a sudden break appearing in 
the curve at about 2cm. In isotherm (3) this break is even more marked, there being two 
pressure ranges where no increase in the amount of adsorption takes place, the effect being 
much the same as two Langmuir curves, one after the other, followed by capillary con- 
densation at higher pressures. The amount of adsorption is now much less than on the 
fresh sample. Isotherm (4) no longer shows the break in the middle of the curve, the shape 
being that of the normal type, but again the total amount of adsorption is much smaller. 
Repeated flushings have apparently no further pronounced effect except to lower still 
more the total adsorption, the isotherm remaining of the same shape. The total amount 
of unimolecular adsorption as indicated by isotherm (5) is less than a third of that given by 
curve (1) although the same sample of chromic oxide was used throughout this series. As 
the amount of adsorption decreases from isotherm (1) to isotherm (5) the onset of 
capillary condensation is at an increasingly higher pressure, as shown by curves (4) 
and (5). 

Although removal of impurities no doubt occurs during the first few flushings of the 
sample, the subsequent decrease in adsorptive capacity cannot, for several reasons, be 
attributed to this cause. First, the effect persists even when the sample has been flushed 
out 20 or 30 times, although removal of surface impurities, if not complete, must then 
be too small to bring about any finite change in the adsorption. Secondly, mere cleaning 
of the surface would be expected to increase rather than to decrease the available surface 
and hence the adsorptive capacity of the sample. 

In order to test the suggestion that the decrease in adsorption might be due to the 
removal of a small proportion of small particles of high surface activity during the evacu- 
ation, a weighed sample of the oxide was placed in the adsorption apparatus and flushed 
out several times with chloroform, but its weight was found to be unaltered. Another 
possibility was that some of the chloroform might have been retained in the smaller capil- 
laries on desorption, but this was excluded by the fact that in several experiments the 
amounts of chloroform adsorbed on to the sample and recovered from it by desorption 
were measured and found to be equal. 

The reduction of the total amount of adsorption and the higher pressure of capillary 
condensation is probably due to a destruction of the smaller capillaries, either by the 
surface atoms becoming mobile when in contact with the adsorbate and therefore tending 
to crystallise, or more probably by the pressure of the condensed liquid in them. The 
fact that the condensation of a liquid in the capillaries of a solid may distort the structure 
and cause the powder to crumble has been noticed with charcoal, and the destruction of 
chabesite crystals by the adsorption of ammonia is very marked. 

As we have seen from the earlier part of this paper, effects (1) and (2) are closely con- 
nected and it may thus be assumed that they are due to the same cause, namely, decrease 
in the area of the sample by destruction of small capillaries. This may be caused by the 
surface atoms of the material becoming mobile when in contact with the adsorbate and 
hence tending to crystallise into a more regular surface structure with the elimination of 
capillaries. A more likely reason for the decrease in surface area is the destruction of the 
smaller capillaries by crumbling of the powder by the pressure of the condensed liquid in 
these capillaries. 

The Fine Structure of the Adsorption Isotherm.—Although discontinuities in the adsorp 
tion isotherm are often attributed to experimental error, those found by Allmand (Proce. 
Roy. Soc., 1931, 180, 610) by the static method seem well substantiated and their reality 
is further indicated by work in progress in this laboratory by a direct-measuring flotation 
method (J., 1939, p. 139), but it was thought advisable to carry out a determination of the 
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fine structure of the adsorption isotherm of chloroform on chromic oxide by another method, 
special attention being given to that part of the curve due to capillary condensation. It 
was hoped also to confirm the peculiar shape of the isotherm obtained during the flushing 
out process (p, 24). 

The method adopted was a modification of the static type (see p. 28), The apparatus 
was small and compact, capable of efficient temperature control and having little dead 
space. Several blank runs were carried out without any oxide in the apparatus, chloroform 
being used in some cases and air in others. Errors due to the adsorption of chloroform on 
the walls of the apparatus were well within the experimental error of measurement of the 
vapour pressure. The calibration curve was plotted in the form of a straight line and, 
although a large number of points were determined per cm. rise in pressure, no deviation 





. 
& 
5 
% 
8 
: 
§ 
~ 
iS 
h 
: 
x 











2 
Vapour pressure 


from the linear, due to irregularities in the walls, etc., could be detected. Redetermination 
of the calibration curve using air with the oxide in the apparatus gave a result very similar 
to that using the empty vessel, so the error due to the volume of adsorbent in the apparatus 
is very small. The facts that the various calibration curves were smooth and that over a 
considerable pressure range the actual adsorption isotherms obtained indicated no ad- 
sorption (i.¢., the curves were parallel to the axis) seem to verify that discontinuities 
obtained in other sections are due to some cause other than experimental error. 

The results obtained upon a sample of chromic oxide prepared by method (1) are shown 
in Fig. 6. The discontinuities are obvious. By the present method, determination of 
a complete isotherm is difficult, that in Fig. 6 representing the Langmuir saturation and 
the capillary condensation parts of the curve. In other experiments discontinuities were 
also obtained for the initial unimolecular adsorption, which was also found to consist of 
a number of small, intersecting curves. , It would appear then that, although there are 
two different types of adsorption mechanism in operation, both give rise to discontinuities, 
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The general shape and size of the discontinuities has been checked by Chambers, using 
the flotation method on the same system. 

Examination of the curves does not reveal any regular trend in the shape of the dis- 
continuities, except that there seems to be some relationship between the pressure range 
over which the discontinuity extends and the amount of vapour adsorbed during the 
discontinuity. For instance, the discontinuities at the beginning of the isotherm extend 
over a range of nearly 1 cm. pressure, but only a small amount of vapour is adsorbed in 
this range, whereas in the capillary condensation part of the curve, the discontinuities are 
very steep and only extend over a small pressure range. It is remarkable that over 
considerable pressure ranges the isotherm is a straight line parallel to the axis, 7.¢., an 
increase of pressure did not result in any increase in the amount of vapour adsorbed. 
This is shown clearly in the inset to Fig. 6 and in some other cases was still more marked, 
These flat portions of the curve occurred in the middle part of the isotherm and support 
the hypothesis advanced to explain the adsorption mechanism of systems such as this, 
since, if the pressure at which unimolecular adsorption is completed is below that at 
which capillary condensation commences, there should be a region of zero adsorption 
between the two. 

In isotherms measured for some of the intermediate samples of Fig. 5 discontinuities 
larger than those of Fig. 6 were obtained. The operation of some exceptional factor 
during the cleaning of the surface is thus verified. 

It has been suggested that discontinuities in the adsorption isotherm may be due to 
the condensation of the vapour in concentric circles round some active centre, each circle 
being added only when a certain definite pressure is attained. This would require that 
the discontinuities should increase regularly with pressure from the beginning of the 
isotherm. The fact that such an increase is noticeable in the second part of the isotherms 
does not support the theory, however, since this is the region of capillary condensation 
where the active centre mechanism cannot possibly apply. 

Radulescu and Tilenschi (Z. phystkal. Chem., 1937, 179, 210) have shown that the radius 
of curvature of a liquid in a capillary tube must be an integral multiple of the radius of 
the liquid molecule. Hence an integer » should be included in the Kelvin equation, and 
the capillary condensation can be assumed to be discontinuous. These steps in the 
curve would, however, be exceedingly small, and it is doubtful whether any available 
method for the measurement of adsorption would be sufficiently sensitive to detect them. 

Another hypothesis which might be advanced to explain these discontinuities is that 
of the regular formation of capillaries. It is supposed that there are a limited number of 
stable capillary formations, with definite diameters, and that, owing in some way to the 
crystal structure of the material, only capillaries of these diameters are stable. Hence 
the porous adsorbent consists, not of capillaries of continuously varying diameters, but of 
groups of capillaries of definite, fixed diameter. If this is the case, the isotherm would con- 
sist of a large number of “‘ steps” rather than the smooth curve previously expected. 

Summing up, we can be sure that the isotherm on chromic oxide is discontinuous in 
both the unimolecular adsorption and the capillary condensation region, There may be 
two distinct factors causing this result, but it seems more probable that the same factor 
is operating in different ways in the two sections of the curve. There are not sufficient 
data upon which to base an explanation of these phenomena, but it is probable that the 
steric arrangement of the atoms will provide a solution. 


EXPERIMENTAL. 


Preparation of Chromic Oxide.—The samples of chromic oxide used in the determinations 
of the isotherms shown in Fig. 1 were prepared as follows: (1) Powdered ammonium dichrom- 
ate was ignited in an open crucible, and the residue thoroughly ignited for an hour over a 
Meker burner and allowed to cool in a desiccator; the resulting dull green powder was very 
light and flaky. (2) Chromic hydroxide was precipitated from a dilute solution of chromic 
sulphate by ammonia, filtered off, washed thoroughly with distilled water, partly dried by 
filter papers, and placed in a small bulb attached to the adsorption apparatus which was then 
evacuated; the product was finally ignited over a Meker burner. (3) Chromic hydroxide was 
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prepared as in (2) but thoroughly ignited immediately after being washed. (4) Chromium 
trioxide was gently heated in a crucible; it swelled to give a hard compound of metallic appear- 
ance (presumably one of the intermediate oxides) which on further ignition gave the usual 
grey-green chromic oxide. (5) A finely ground, intimate mixture of ammonium chloride and 
potassium dichromate was heated over a Bunsen burner. The resulting powder was then 
washed free from any excess of the initial materials and thoroughly ignited; it was very similar 
to (1) but slightly more compact. (6) Mercurous chromate, prepared from solutions of 
mercurous nitrate and potassium dichromate, was washed with a dilute solution of mercurous 
nitrate, and ignited in a vacuum at 400° and finally over a Meker burner. (7) Mercurous 
chromate, prepared as above, was directly heated over a Meker burner. 

Determination of the Adsorption Isotherm.—The apparatus used for the determination of 
all the isotherms except in the fine structure experiments was of the simple static type. The 
oxide samples were used immediately after preparation or stored in a desiccator over phosphoric 
oxide. If they were allowed to adsorb the slightest trace of water vapour they began to “ froth” 

on evacuation, scattering a shower of fine 

Fic. 7. particles throughout the apparatus, but as soon 

—— To pump as the water vapour had been removed, either 

by ignition or by flushing (adsorption of organic 

vapour followed by desorption), this no longer 

occurred. This phenomenon is not due to 

the presence of adsorbed gases in general, but 

to water vapour, for a flushed sample could be 

ors made to froth on evacuation by keeping it in 

As contact with a very low pressure of water 
vapour. 

All the substances used in the preparation 
of the samples of oxide were of “ AnalaR” 
standard, and all adsorbates were redistilled 

Sample before use. 

Apparatus for the Study of Discontinuities in 
the Adsorption Isotherm.—The apparatus used 
for this purpose is shown in Fig. 7. It consists 
of a wide tube forming the main vessel, to 
which is attached a side arm ending in a small 
bulb containing the sample of solid the adsorption 
isotherm of which is to be determined. Two 
tubes of smaller diameter in parallel with the 
main vessel, one leading to the vessel, the other 
to the vacuum line, serve to measure the vapour 
pressure. The flushed sample is placed in the 

—_— bulb, and the apparatus thoroughly evacuated. 
A small amount of chloroform vapour is let in 
from the reservoir, after the level of the mercury has been lowered. The mercury level is then 
raised, and the side tube evacuated; the apparatus is now ready for measurements to be 
taken. Small quantities of mercury are allowed to enter the vessel, decreasing the volume and 
hence increasing the pressure. The change in volume is measured by the change in the height 
of mercury in the main vessel, the diameter of the tube being assumed uniform. The 
pressure is measured directly by the difference between the levels of mercury in the side tubes. 
Hence, by plotting the reciprocal of the pressure against the volume as measured by the 
height (H) of the mercury, a straight line should be obtained if there is no adsorption. Any 
deviation from the straight line is a measure of the amount of vapour adsorbed by the 
sample. 

Let there be a certain mass of vapour M, in the vessel under a pressure ~,;, the volume, 
v, of the vessel being fixed by the height of the mercury. Then ~,v = M,RT. If we now 
plot the calibration curve 1/p against v, we obtain a straight line of slope M,RT. Now let 
the mass of vapour in the vessel be changed to M,, the pressure at the same volume, v, being 
?,- The slope of the new calibration curve will be M,RT. But 


p1/M, = RT/v = p,/M, 
hence P1/P, = M,/M, = M,RT/M,RT 
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i.e., the slopes of the two calibration curves are in the ratio p,:,. Hence, by one calibration 
of the apparatus, the actual isotherm can easily be determined. 

Under the experimental conditions employed, the error due to the volume occupied by 
the solid powder was never more than 0-25%, and this did not in any case produce deviations 
from the smooth isotherm. 

The inset of Fig. 6 shows the experimental results as plotted with respect to the calibration 
curve. This indicates the magnitude of the discontinuities and shows also a flat portion of 
the isotherm where the experimental curve is parallel with the calibration curve. 

All the pressure measurements were taken by means of a cathetometer, the readings being 
accurate to + 0-02 mm. 


IMPERIAL COLLEGE OF SCIENCE, LoNnpDoN, S.W. 7. [Received, August 25th, 1939.) 





5. A New Chemical Proof of the Cyclic Structure of Glucosaminides. 
By ALBERT NEUBERGERes 


N-Acetyl-a-methylglucosaminide was methylated with methyl sulphate and 
alkali to give N-acetyl 3:4: 6-trimethyl a-methylglucosaminide, which on acid 
hydrolysis yielded 3:4: 6-trimethyl glucosamine hydrochloride, thus proving the 
pyranoside structure of both the a- and the §-methylglycosides of glucosamine and 
N-acetylglucosamine. 3:4: 6-Trimethyl glucosamine hydrochloride on treatment 
with two equivalents of naphthalene-l-sulphonchloroamide gave 2: 3: 5-trimethyl 
avabofuranose; when three equivalents of the oxidising agent were used, 2: 3: 5- 
trimethyl arabononitrile was obtained. As a by-product of the latter reaction, a 
substance was obtained to which the structure of an imino-acid lactone is assigned. 


TuE hydrolysis constants of «-methylglucosaminide hydrochloride, «- and B-N-acetylmethy]l- 
glucosaminides (Moggridge and Neuberger, J., 1938, 745; Neuberger and Pitt Rivers, 


J., 1939, 123), and 6-methylglucosaminide hydrochloride (Irvine and Hynd, J., 1911, 99, 
250) indicate that all these compounds have pyranosi¢x structures; this physical evidence 
has been supplemented by direct chemical proof. 

N-Acetyl-a-methylglucosaminide (I) was methylated with methyl sulphate and alkali 
to give N-acetyl trimethyl «a-methylglucosaminide (II) and this compound was hydrolysed 
by acid to a trimethyl glucosamine hydrochloride (III). (II) and (III) are identical with 
the compounds obtained by Cutler, Haworth, and Peat (J., 1937, 1979) from @-methyl- 
glucosaminide. The structure of (III) as a 3: 4: 6-trimethyl compound has already been 
definitely established by synthesis from 4: 6-dimethyl 2: 3-anhydrohexose (Haworth, 
Lake, and Peat, J., 1939, 271), whence it follows that (I) also must be a pyranoside; 
since a- and §-methylglucosaminide hydrochloride can be converted into the corresponding 
N-acetyl compounds under conditions which exclude change of the ring structure (Neu- 
berger and Pitt Rivers, loc. cit.), the four known methylglucosaminides all possess pyrano- 
side structures. 

The structure of (III) was also demonstrated by a different method, which consists in 
the conversion of the hexose into a pentose derivative of known structure, and may be of 
general applicability for the elucidation of the structures of 2-aminohexoses. 

Dakin (Biochem. J., 1917, 11, 79) found that «-amino-acids are oxidised by chloramine-T 
to either the next lower aldehyde or the next lower nitrile, depending on whether one or 
two equivalents of oxidising agent are used. This reaction was applied to glucosamic acid 
by Herbst (J. Biol. Chem., 1937, 119, 85) and this author has also shown that glucosamine 
itself can be directly oxidised to d-a abinose if two equivalents of chloramine-T are used, 
without an isolation of the intermediate glucosamic acid. An attempt was made to apply 
this method to compound (III), but it was found that the #-toluenesulphonamide formed 
during the reaction did not completely separate even from concentrated aqueous solution 
at 0°, and, since it is also soluble in chloroform, it cannot be easily separated from the main 
reaction products. In later experiments, therefore, the sodium salt of naphthalene-1- 
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sulphonchloroamide was used; this compound is sufficiently soluble in water to be used 
for the oxidation, and the product, naphthalene-1-sulphonamide, is practically insoluble in 
water and can therefore be removed quantitatively before the chloroform extraction is 
carried out. 

When two equivalents of oxidising agent were. added very slowly at #, 7-5, (III) was 
converted mainly into 2 : 3 : 5-trimethyl d-arabofuranose (V), presumably being first oxidised 
to 3:4: 6-trimethyl glucosamic acid (IV). The pentose derivative was characterised by 
oxidation to the crystalline 2 : 3 : 5-trimethyl d-arabonolactone (VI) and further to 2 : 3 : 5- 
trimethyl d-arabonamide (VII). If three equivalents of oxidising agent were added at 
once and the reaction was carried out at py 5-0, the product consisted mainly of 2 : 3 : 5- 
trimethyl d-arabononitrile (VIII), which was converted into (VI) and ultimately into (VII). 
This series of reactions provides further evidence for the pyranoside structure of the known 
glucosaminides. 
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In the experiments at the lower py a by-product was obtained which is considered to be 
an imino-acid lactone and toehave the structure (IX). The substance behaves as a lactone 
on titration with alkali and requires the calculated amount of sodium hydroxide for neu- 
tralisation. The nitrogen is quantitatively liberated as ammonia on heating with 2n-acid, 
and alkali liberates ammonia much more slowly. A solution of (IX) reduced Fehling’s 
solution on prolonged boiling, but after acid hydrolysis and neutralisation instantaneous 
reduction took place. It has been often assumed that imino-acids are intermediate pro- 
ducts in the oxidation of amino-acids by various agents. It seems likely, therefore, that in 
this case the imino-acid is first formed from (IV), which can be either stabilised as a lactone, 
or hydrolysed to the aldehyde (V), or, if more oxidising agent is present, further oxidised 
to the nitrile (VIII). 


EXPERIMENTAL. 


N-Acetyl 3:4: 6-Trimethyl a-Methylelucosaminide.—N-Acetyl-a-methylglucosaminide (4-1 
g.) (Moggridge and Neuberger, Joc. cit.) was dissolved in water (100 ml.) and methyl] sulphate 
(100 ml.) and 40% sodium hydroxide solution (120 ml.) were added during 6 hours with mecha- 
nical stirring; the temperature was kept at 30° during the first hour, allowed to rise to 50° 
during the second hour, and thereafter maintained at 50°. The solution was left overnight and 
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then extracted with chloroform; the combined extracts were concentrated to small bulk, and 
the product crystallised by addition of light petroleum. Yield, 70%. The product was 
obtained in needles, m.-p. 151°, [«]p + 102°:(water) (Found: C, 52-0; H, 8-25; N, 5-0. Calc. 
for C,,H,,0,N : C, 52-0; H, 8-3; N, 5-05%). Cutler, Haworth, and Peat (loc. cit.) give m. p. 
150° and [a], (water) + 104-3°. 

3:4: 6-Trimethyl Glucosamine Hydrochloride——A solution of the preceding compound 
(7 g.) in 3-5n-hydrochloric acid (125 ml.) was refluxed for 2 hours, treated with charcoal, filtered, 
and concentrated.in a vacuum. Most of the syrup thus obtained crystallised in a desiccator. 
It was triturated with alcohol (15 ml.) and then with anhydrous ether (35 ml.) and, after fil- 
tration (yield, 70%), recrystallised from alcohol; m. p. 215° (decomp.). The initial rotation 
of different samples varied from [a]p + 115° (water) to + 52°, but the equilibrium rotations 
(after 18 hours) were identical, [«], (water) being 99—100°. The substance was strongly 
reducing, and yielded the whole of its nitrogen on 3 minutes’ shaking in the apparatus of Van 
Slyke (Found: C, 41-8; H, 7-70; N, 5-4. Calc. for C,H,,O,NC1: C, 41-9; H, 7:8; N, 5-4%). 
A sample of trimethyl glucosamine hydrochloride prepared from N-acetyl 3: 4 : 6-trimethyl- 
6-methylglucosaminide (Cutler; Haworth, and Peat, loc. cit.) had properties identical with those 
of the compound described and a mixed sample showed no depression of m. p. 

N-Benzoyl 3 : 4: 6-Trimethyl Glucosamine.—To a solution of 3 : 4: 6-trimethyl glucosamine 
hydrochloride (6-5 g.) in water which was kept at 5°, benzoyl chloride (3-5 ml.) and sodium 
bicarbonate (4-6 g.) were added in ten portions during 1 hour. A crystalline precipitate soon 
formed and after 2 hours the mixture was extracted with chloroform and the combined extracts 
were washed with aqueous bicarbonate, dried, and evaporated to small bulk. The product 
crystallised for the most part and the mother-liquor gave a further crop on addition of light 
petroleum (b. p. 80—100°). Yield, 75%. The substance was recrystallised from chloroform and 
light petroleum and had m. p. 213°; [a] (initial) + 124°; after 48 hours, + 105° (wet pyridine). 
It reduced Fehling’s solution on boiling (Found: N, 4-1. C,,H,,0,N requires N, 4:3%).| The 
substance was very refractory to oxidation, unchanged material being recovered after Standing 
for 6 days in a solution of dioxan-water (1-1) containing an excess of bromine, or on treatment 
with potassium permanganate in acetone. 

Oxidation of 3: 4: 6-Trimethyl Glucosamine Hydrochloride to 2: 3 : 5-Trimethyl Avabinose.— 
(1) Oxidation at pg 7-5. To a solution of 3: 4: 6-trimethyl glucosamine hydrochloride (2-5 g.) 
in water (50 ml.) containing 0-75 g. of sodium bicarbonate, exactly 2 equivs. of sodium naphtha- 
lene-1-sulphonchloroamide in 250 ml. of water were added in twenty portions during 5 hours. 
The mixture was left overnight in the incubator, acidified to ~, 5-0 with acetic acid, and the 
precipitate filtered off after standing for several hours in the ice-chest. The solution was 
concentrated to small bulk under reduced pressure and a small precipitate which formed was 
filtered off and discarded. The solution was now extracted with chloroform, the chloroform 
solution evaporated to dryness, and the residue distilled. The main fraction, b. p. 80—83° 
(bath temp.)/0-01 mm., was an oil which reduced Fehling’s solution strongly on warming, and 
gave figures on analysis indicating that it was slightly impure 2 : 3 : 5-trimethyl d-arabofuvanose 
(Found : C, 49-2; H, 8-05. C,H,,O, requires C, 50-0; H, 8-3%). [a] + 38° (methyl alcohol). 
Yield, 30%. 

2:3: 5-Trimethyl d-arabofuranose (0-5 g.) was oxidised with an excess of bromine, and the 
resulting 2 : 3 : 5-trimethyl arabonolactone distilled in a vacuum, b. p. 90° (bath temp.) /0-05 mm. 
The solid was recrystallised from ligroin; it had m. p. 33°, [a]» (initial in water) + 44°, (after 
400 hours) + 26°, and properties identical with those of the compound described by Avery, 
Haworth, and Hirst (J., 1927, 2317). For further characterisation it was converted by treat- 
ment with methyl-alcoholic ammonia into the amide, m. p. 137-5°, [a]p — 14-2° (Found: C, 
46-8; H, 8-2; N, 6-5. Calc.: C, 46-5; H, 8-2; N, 6-7%), identical with that described by 
Haworth, Peat, and Whetstone (J., 1938, 1975). 

(2) Oxidation at py 5-0. 3:4: 6-Trimethyl glucosamine hydrochloride (2-05 g.) was dis- 
solved in a small amount of water containing 3 equivs. of sodium acetate and 2 equivs. of acetic 
acid, an aqueous solution of sodium naphthalene-1-sulphonchloroamide (3 equivs.) added, and 
the mixture left overnight at room temperature. Iodometric titration indicated that about 
2-5 equivs. of the chloroamide had been used up. The mixture was then left for several hours 
at 0°, the precipitate of naphthalene-1-sulphonamide filtered off, and the solution evaporated 
in a vacuum to small bulk and left in the ice-chest. The crystalline precipitate that formed 
was filtered off, dried, and dissolved in chloroform, the solution filtered and evaporated to dry- 
ness, and the residue dissolved in ether. On slow evaporation large prisms appeared (450'mg.), 
m. p. 86-5°, [a] — 40° (in chloroform) (Found: C,.50:2; H, 7-2; N, 6-65. C,H,,0,N requires 
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C, 49-8; H, 6-95; N, 6-45%). The substance behaved as a lactone on titration with alkali; 
14 mg. required 3-1 ml. of 0-02N-sodium hydroxide for neutralisation, with phenolphthalein as 
indicator (calc. for C,H,,0,N, 3-22 ml.), 43-4 Mg., dissolved in 5 ml. of 2n-hydrochloric acid, 
were heated for 1 hour on a boiling water-bath. The solution, after extraction with chloroform, 
was concentrated, and the residue crystallised from alcohol and ether. It amounted to 9-8 «1g. 
and analysis showed it to be ammonium chloride (Found: N, 26-2. Calc.: N, 26-15%). 
Ammonia was given off too, but more slowly, on heating a solution of the substance with n- 
potassium hydroxide on the water-bath, but not in the cold. 

The aqueous solution which had been freed from the imino-acid lactone was extracted 
exhaustively with chloroform, the combined extracts evaporated to dryness, and the residue 
distilled. The oil obtained, b. p. 65—70° (bath temp.) /0-02 mm. (Found: N, 6-4. Calc. for 
the nitrile, 7-4%), was redistilled ; it then crystallised in ice-salt and had m. p. about 2° (Found : 
N, 68%). It was converted into the lactone by hydrolysis with 5n-hydrochloric acid and heating 
to 100° in a vacuum. The product was shown to be 2: 3: 5-trimethyl d-arabonolactone by 
m. p., rotation, and analysis. The lactone was further characterised by conversion into the 
amide, which was identical with 2 : 3 : 5-trimethyl arabonamide, described above. 


The author wishes to thank Professor C. R. Harington for his encouragement and advice. 
Acknowledgment is also made to the Beit Memorial Trustees for a Fellowship. 
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6. The Physical Properties of the Aliphatic Acid Anhydrides. 
By Davip T. Lewis. 


The surface tensions, densities, and viscosities of the aliphatic acid anhydrides have 
been determined in the range 15—50°. The parachor values reveal that the anhydrides 
exhibit a typical ester anomaly, the other parts of the molecules making a normal 
volume contribution. Certain parachor-—viscosity relationships are discussed in the 
light of the present data. 

The method of Rosenbaum and Walton (J. Amer. Chem. Soc., 1930, 52, 3366) is 
found to be unsuitable for determining the higher anhydrides, although it gives excellent 
results with acetic anhydride. 


THE parachor values of the alkyl carbonates have been determined by Bowden and Butler 
(J., 1939, 77), who concluded that the most suitable value for the three oxygen atoms and 
the double bond in these compounds is 80, the constitutive effect being thus equivalent to 
that observed for the esters of monobasic acids (I), the carbonates having the non-polar 
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formulation (II). The acid anhydrides (III) contain three oxygen atoms, including the 
ester group and an additional double bond, and the present work endeavours to establish to 
what extent these factors affect the anomalies existing in structures (I) and (II). Jones (J., 
1928, 1193) measured the parachors of the corresponding acids, but no general study of the 
anhydride series has been made, though Ramsay and Shields (J., 1893, 63, 1089), from 
determinations of the surface tensions of acetic anhydride by the capillary-rise method, 
concluded that it was a normal, unassociated liquid. 

One of the major difficulties encountered in work with these substances is that of 
obtaining them pure, and the diverse values recorded for the density of acetic anhydride 
have been listed by Orton and Jones (J., 1912,.101, 1722) and illustrate the purification 
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difficulties encountered by previous workers with even the simplest of these substances. 

The chief impurity in the anhydrides is undoubtedly the parent acid, and most methods of 
purification involve the careful fractional distillation of the liquids (see, e.g., Kilpatrick, 

J. Amer. Chem. Soc., 1928, 50, 2895; Soper and Williams, J., 1931, 2297). Walton and 
Withrow (J. Amer. Chem. Soc., 1923, 45, 2690) purified acetic anhydride by keeping it over 
sodium for some days and then fractionating it over sodium and fused sodium acetate. It 
was found that although the anhydrides did not react with the metal at room temperature, 
yet they did so at higher temperatures and so this method was abandoned. (The previous 
authors rejected a considerable portion of the distillate owing to its curious colour.) Ultim- 
ately the method now to be recorded was adopted as being least likely to contaminate the 
anhydrides with traces of products produced by the slight interaction of the liquid with the 
purifying agent employed. 


EXPERIMENTAL. 


(1) Purification of Materials —The anhydrides were initially fractionated through a glass- 
bead column until they gave a fairly constant b. p. and were relatively free from the lower-boiling 
acids. They were then fractionated twice over the fused sodium salt of the fatty acid and twice 
through a similar column under reduced pressure. The higher anhydrides slowly decompose on 
distillation at normal pressure, becoming light brown, Hexoic anhydride gave great difficulty 
and was subjected to distillation under reduced pressure until the distillate from two successive 
experiments gave a constant density. A slight parachor anomaly (about 1%) which seemed to 
increase from acetic to hexoic anhydride was traced to insufficient fractionation, but continued 
distillation gave fractions of a slowly increasing density which ultimately became constant within 
the limits of experimental error. All the anhydrides thus obtained were crystal-clear liquids. 

The acetic anhydride was of “ AnalaR” grade. The b. p.’s (corr.) were as follows: Acetic, 
139-4—139-5°/770 mm.; propionic, 168-1—168-4°/771-9 mm., 66—67°/16 mm.; butyric, 
198-1—198-7°/770-5 mm , 85—86°/18 mm.; hexoic, 246—248°/766 mm., 143—144°/18 mm. 

The anhydrides disti! quietly under normal pressure but tend to bump violently when the 
pressure is reduced, so siaall pieces of dry porous pot were added to facilitate ebullition. They 
are very resistant to the action of water, but every precaution was taken in the subsequent 
physical measurements to prevent access of moisture to the liquids. 

Analysis of the Anhydrides.—Acetic anhydride, as determined by the method of Rosenbaum 
pre Walton (J. Amer. Chem. Soc., 1930, 52, 3366), was 99-9% pure. The anhydrous oxalic acid 

by means of the automatic separator apparatus of Hultman, Davis, and Clarke 
(ibid 1921, 48, 366), and the “‘ AnalaR ” pyridine catalyst was dried over potassium hydroxide 
and redistilled. This method had not been applied to the higher anhydrides and was tested 
during the present work. It was found that, although reaction occurred according to the scheme 
(CO,H), + (R-CO),0 = CO + CO, + 2R°CO,H, yet the organic acids produced were oxidised 
by hot permanganate and prevented satisfactory determination of the excess of oxalate. The 
higher anhydrides were therefore estimated by refluxing about 1 g. with excess of standard 
sodium hydroxide and titrating with standard acid. The best samples obtained showed the 
following purities : propionic, 99-98% ; butyric, 99-54% ; hexoic, 98-81%, and were used in this 
investigation. Despite the low figure for hexoic anhydride, the analysis is regarded as satis- 
factory owing to the extreme resistance of this substance to hydrolysis. The above figure was 
obtained after 4 days’ refluxing and some loss is suspected. The indicator was added after 
refluxing, for if placed in the flask before this operation it became rather insensitive. 

Surface-tension Measurements.—The apparatus employed was of the Sugden type (J., 1924, 
125, 27) having a ground glass neck 2 in. deep which was lubricated with a little of the anhydride. 
The manometer contained purified alcohol tinted with a trace of methylene-blue, and its temper- 
ature was thermostatically controlled to prevent error due to fluctuating room temperature. The 
radius of the larger tube was 0-1385 cm., and the apparatus was calibrated with pure benzene : 
Yeo = 28°88 dynes/cm. The Sugden constant A for the instrument had the value 0-003963. 

The densities of the pure liquids were determined by using an 8 c.c. pyknometer in an 
electrically controlled thermostat, and the values corrected for buoyancy are given below, 
together with the observed surface tensions, yy (in dynes/cm.), and the parachor values, P. The 
values given in Beilstein’s Handbuch (Band 2, p. 167) for the densities of acetic anhydride are 
much lower than those here determined, e.g., Di 1-0797 as compared with D}*" 1-0870, though 
the latter value is in good agreement with that of Orton and Jones (loc. cit.), Di” 1-0876, and 
careful fractionation failed to give a higher value. Another sample of the anhydride which was 
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some months old gave D%° 1-08097 after purification, in good agreement with the value given 
below. ; 
Temp. Dt. y- P. 5 Di. y- P. 
Acetic anhydride, C,H,O;. . Propionic anhydride, C,H,,Os3. 
1-0870 33-14 225-4 1-0163 30-86 301-6 
1-0810 32-56 225-6 1-0110 30-30 301-8 
1-0749 31-90 225-5 1-0057 29-70 301-8 
1-0690 31-24 225-7 1-0003 29-19 302-2 
1-0629 30-76 225-9 0-99503 28-59 302-2 
1-0567 30-05 226-1 0-98974 28-13 302-6 
1-0505 29-57 226-5 0-98442 27-52 302-6 
1-0443 29-00 226-6 0-97913 27-07 302-8 
Theoretical P = 225-0 Mean = 225-9 Theoretical P = 303-0 Mean = 302-2 


Butyric anhydride, C,H,,0;. Hexoic anhydride, C,,H,,0;. 


0-96677 28-93 379-2 0-92016 28-26 536-8 
0-96199 28-44 379-4 0-91605 27-90 537-3 
0-95714 27-90 379-6 0-91189 27-35 537-1 
0-95240 27-36 379-6 0-90778 26-94 537-5 
0-94758 26-79 379-6 0-90347 26-54 537-9 
094256 26-40 380-2 0-89930 26-04 538-0 
0-93745 25-89 380-3 0-89519 25-55 537-9 
Theoretical P = 381-0 Mean = 379-7 Theoretical P = 537-0 Mean = 537-6 


In this table the theoretical parachor values have been computed on the basis of a typical ester 
anomaly, the other parts of the molecule making a normal parachor contribution, and the mean 
values obtained for the parachors are in good agreement with those calculated. The parachor 
values appear to increase by some 0-3% with temperature over the range studied. The Inter- 
national Critical Tables give for acet& anhydride Vise 33-3, 59° 29-2, which, with the densities 
previously given, yield parachor values of 225-6 and 227-3 respectively, the increase being greater 
than that in the present results. Small traces of the associated acids would contribute to this 
anomaly, as the parachors of these substances increase slowly with temperature (Sugden, ‘‘ The 
Parachor and Valency,” 1931, p. 46). In general, however, the anhydrides may be regarded as 
normal ester derivatives, for in no case is the difference between the calculated and observed 
values greater than the 1% variation usually observable (cf. Hammick and Wilmut, J., 1933, 
207). Moreover, should there be any pronounced tendency for abnormality during the ascent of 
the series, it should be shown by hexoic anhydride, but the parachor of this substance is un- 
doubtedly normal. 

Viscosity Measurements.—The viscosities of acetic and propionic anhydride have been 
determined over an extensive temperature range by Thorpe and Rodger (Phil. Trans., 1895, 185, 
397) but no data are available for the higher anhydrides. Gartenmeister (Z. physikal. Chem., 
1890, 6, 524), Drucker and Kassel (ibid., 1911, 76, 367), and de Heen (Bull. Acad. roy. Belg., 1891, 
21, 11) have given values for the viscosity of acetic anhydride which are some 1—3% higher than 
those of Thorpe and Rodger. Such differences are appreciable and may depend on the purity of 
the substance used, though Andrade (J. Inst. Chem., 1939, 197) has pointed out that recorded 
viscosities for a number of other liquids exhibit divergences of this order and that it is important 
to apply a kinetic-energy correction. 

Bowden and Butler (loc. cit.) found that the author’s parachor—viscosity relation (J., 1938, 
1063), which takes the form log P#, = (A log M)/T — C, where M is the molecular weight, 
expressed their results for the alkyl carbonate series with accuracy, though the methyl derivative 
exhibited some divergence. In order further to test the application of this relation, the viscosi- 
ties of the higher anhydrides have now been determined. 

Method.—The viscometer used was of the Ostwald type and the design incorporated Barr’s 
recommendations (‘‘ Monograph of Viscometry,”’ Oxford Univ. Press, 1931). The limbs of the 
instrument were connected by means of an H-piece carrying three taps so that measurements 
could be carried out in a dry, enclosed system. It was set vertically in a glass thermostat and 
viewed with a plumb-line from two directions mutually at right angles, the times of flow being 
observed on a standardised stopwatch. 

A kinetic-energy correction was applied to the viscometer (Barr, op. cit.) by means of the 
equation 7 = D(Ct — B/t), where the calibrating constants C and B were determined by using 
two liquids of very different kinematic viscosity. The standard liquids used were water, ether, 
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and benzene, the organic liquids being dried over sodium and distilled from phosphoric oxide. 
For the range 15—25°, the combination ether—water was used, and for the higher range, benzene— 
water. The viscosity values used in the calculations are those given in the International Critical 
Tables (Vol. V, 10 and 11). Both B and C were found to change slightly with temperature, 
though the change in C was inappreciable. 

In order to compensate for liquid expansion, with consequent diminution of hydrostatic 
head, the anhydride and a standard 10 c.c. pipette were kept in a closed tube immersed in the 
thermostat, and quantities transferred rapidly to the viscometer after filling the pipette by 
external suction through a sealed-on tap. The viscosity results are given in the following table 
and are expressed in centipoises. 


heer it oT 25° 30° 35° 40° 45° 50° 
™ . 0-8511 0-7962 0-7447 0-7015 0-6592 0-6209 
9, (C,H,°CO), 1-061 0-9776 0-9057 0-8531 0-8004 0-7511 
n, (CyH,*CO),O 1-486 1-340 1-228 1-133 1-063 0-9754 
n, (CgHyy ,0 2-990 2-671 2-398 2-163 1-953 1-802 1-647 


* Interpolated from the results of Thorpe and Rodger by means of the equation log 7 = 527/T — 3-838. 


DISCUSSION. 


The viscosities of the anhydrides increase regularly as the series is ascended. It has 
already been remarked that Drucker and Kassel’s values for acetic anhydride (Joc. cit.) are 
slightly higher than those of Thorpe and Rodger, and similarly the values obtained during 
the present investigation for propionic anhydride are also slightly higher than the results of 
the latter authors. The general differences in the recorded values for the viscosities are 
illustrated on the accompanying graph, which has been drawn to a large scale so that the 
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divergences are much accentuated. Andrade’s linear equation log » = A/T — C has been 
employed, and it is seen that this is closely obeyed by all four substances. A determination 
of the viscosity of acetic anhydride gave 9. = 0-009417, which is in close agreement with 
the value given by Gartenmeister (/oc. cit.), viz., nog. = 0-00946, and is higher than the values 
of other authors mentioned above. 
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In the following table, the calculated values of the viscosities at 20° given by the 
equation log Pt, = (785 log M)/T — 5-951 are compared with the experimental figures. 


Anhydride. > P. (10%log M)/T. 7, obs. n, calc. 
EAL O 6-853 0-9417 0-7270 
PrOphomic  aceccccccccoccssccscscccnseese 908-0 7-213 1-144 1-141 
SII. set scciediductmneinestaieinants. . aan 7-451 1-615 1-649 
SE sca ssacnincoerdekene” Ce 7-950 2-990 2-951 


The agreement is good except for acetic anhydride, and the anomaly exhibited by the 
first member of the series has been commented on by many investigators (cf. Bowden and 
Butler, Joc. cit.), and is undoubtedly due to the singular properties of the methyl group. 
Bowden and Butler’s results, together with those of the present paper, give some support to 
the suggestion (J., 1939, 630) that the molecular weight and volume must be incorporated 


' in any equation representing the variation of viscosity with temperature. 


TaTEM CHEMISTRY LABORATORY, UNIVERSITY COLLEGE, 
CARDIFF. (Received, September 26th, 1939.] 





7. An X-Ray Study of the Phthalocyanines. Part IV. Direct 
Quantitative Analysis of the Platinum Compound. 


\ By J. MonreatH Ropertson and Ipa Woopwarp. 


By substituting an atom of high atomic number at some point in a complex organic 
structure a very direct method of X-ray analysis becomes available. This has often 
been utilised, but rarely in a fully quantitative manner. The possibilities of the 
method are discussed, and it is concluded that it may have almost unlimited application. 
At the same time there are serious practical difficulties. A critical test of the 
method is made in the analysis of platinum phthalocyanine, C,,H,,N,Pt, with quanti- 
tative intensity measurements, corrections for absorption, diffraction effects, etc. 
The positions of all the atoms (except hydrogen) in this structure are determined 
with an average accuracy of about + 0-054. A double Fourier series of 302 terms 
is employed for this purpose. 

The molecular structure, as expected, is closely similar to that of the other members 
of the phthalocyanine series, although certain small changes in dimensions, due to the 
presence of the platinum atom, are noted. The crystal structure, however, is different, 
because the molecules are arranged in a different way, their planes being inclined at a 
much smaller angle to the (010) plane (26-5° instead of 44-2°). The structure may be 
regarded as a polymorphic modification of those already described in this series. 


THE work now described has two objects, the first being a complete structure determination 
of platinum phthalocyanine. The crystals of this compound are not isomorphous with 
those of the other members of the phthalocyanine series whose structures have already 
been determined (J., 1935, 615; 1936, 1195; 1937, 219) and new problems are encountered. 
It is now shown that the changes in the cell dimensions of platinum phthalocyanine, 
amounting to as much as 4 A. when compared with other members of the series, are not 
caused by any large changes in the dimensions or shape of the phthalocyanine molecule 
itself, although some minor changes in the molecular framework due to the central platinum 
atom are noted. The change in crystal structure is due to a different arrangement of the 
molecules, which are now inclined at a smaller angle to the (010) plane. The new structure 
may therefore be regarded as a polymorphic modification of those already described, 
although no actual transition for any one compound has yet been observed. Such 
transitions may, however, be possible. 

The second aspect of this work is to present a critical test of what is probably the most 
direct method of X-ray analysis which has fairly general application to complex organic 
structures, viz., that depending on the presence of a heavy atom. This method has 
often been utilised in X-ray work, although rarely in a fully quantitative manner. It 
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was suggested in the paper on nickel phthalocyanine (J., 1937, 219) and discussed in connec- 
tion with the insulin structure (Nature, 1939, 148, 75), and has recently been applied to 
the elucidation of a number of structures (see, ¢.g., Wells, Proc. Roy. Soc., 1938, A, 167, 
169; Powell and Ewens, J., 1939, 286). 

In outline, the method is simple. If we place one or more heavy atoms of high scattering 
power for X-rays (high atomic number) at certain points in the structure, then the con- 
tributions which these atoms make to the X-ray reflections from certain planes will domi- 
nate the combined contributions from the other, lighter, atoms (carbon, nitrogen, etc.). 
To a first approximation the lighter atoms may be neglected, and the positions of the heavy 
atoms determined from the intensities by trial or by an application of the Patterson method. 
A subsequent Fourier analysis of all the intensity data, with origin and phase constants 
referred to the positions of the heavy atoms, may then reveal the presence of the lighter 
atoms. 

When the heavy atoms occupy centres of symmetry in the structure, as in platinum 
phthalocyanine, the analysis is simplified. An origin being taken at the centre of symmetry, 
the structure amplitude due to the heavy atom is always positive (phase constant + x) 
and that due to the remaining light atoms may be positive or negative (+ 7). If the 
contribution from the heavy atom is sufficiently large, the total structure amplitude will 
always be positive. In effect, unknown differences of phase are converted into differences 
of amplitude which can be measured. A direct Fourier synthesis may therefore be carried 
out, which then becomes equivalent to a Patterson synthesis. Regarding it as a Patterson 
synthesis, we only obtain the vectors connecting each of the light atoms to the heavy 
atom, the vectors between the light atoms themselves becoming second order quantities 
and unimportant. The result is a direct picture of the structure, instead of its vector 
map. 

In applying the method to a complex organic structure it is not necessary that the 
atomic number of the heavy atom should equal the sum of the atomic numbers of the light 
atoms present, for two reasons. First, the scattering factor, or atomic f-curve, for the 
heavy atom will decrease much more slowly, especially at large glancing angles, than the 
f-curves for the light elements present; for this reason the heavy atom may be two or 
even three times as effective as its atomic number would indicate. Secondly, and more 
important, is the fact that the contributions from the various light atoms in the structure 
tend to can¢el each other out. In a molecular structure there is in general no integral 
relation between the co-ordinates of the atoms and the cell dimensions. As the molecule 
gets larger there is consequently less and less chance of all the atoms being in phase for a 
given reflection, and the average value of the structure amplitude, the heavy atom being 
excluded, departs further from its possible maximum. The contribution of the heavy 
atom to the structure amplitude does not fall off in this way and hence its swamping power 
on the reflections may be just as effective in the case of a very large molecule as in a small 
one.’ For this reason the method appears to have almost unlimited application. 

The difficulties of the method are of a practical nature and have often been pointed out 
(e.g., Cox, Ann. Reports, 1937, 34, 188). For most of the reflections the larger part of the 
intensity is derived from the known contribution of the heavy atom, and we are primarily 
interested in the small residual increase or decrease due to the unknown remainder of the 
structure. To obtain results of corresponding accuracy it would become necessary to 
measure the intensities with an accuracy several times as great as in the case of ordinary 
structures consisting only of light atoms; but at the same time the difficulty of making 
the measurements is increased by the presence of a highly absorbing atom. 

Even more important than the accuracy of measurement is the range of reflections 
covered, on which depends the convergency of the series. As noted above, the scattering 
curve for the heavy atom tends to decrease slowly with increasing glancing angle, and so 
the range covered should be increased, otherwise spurious diffraction effects will be intro- 
duced owing to the series being incomplete. 

On account of these difficulties the results obtained hitherto from compounds con- 
taining heavy atoms have not been very satisfactory. The presence of the lighter atoms 
is usually indicated on the electron-density maps only by a very hazy outline, and their 





38 Robertson and Woodward : 


positions are correspondingly uncertain. In some cases carbon atoms are not resolved 
at all. 

To test the possibilities of the method we have accordingly studied the 6 axis projection 
of the platinum phthalocyanine structure as carefully as possible, making use of quanti- 
tative intensity measurements, applying corrections for absorption, and including a 


Scale 
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c/0 2/30 0 7 - 
Projection of platinum phthalocyanine along the b axis, on the (010) plane, which makes an angle of 26-5° 
with the molecular plane. Each contour line represents a density increment of one electron per A.?, 


except in the central portion where the increment ts 20 electrons per a.* for each line. The one-electron 
line is dotted. 


sufficient number of terms to make the series reasonably convergent. The results, sum- 
marised in the contour map of Fig. 1, show that with suitable precautions a fairly high 
degree of accuracy can be attained. The maximum uncertainty in the positions of the 
light atoms is about + 0-1 A., and this figure can be greatly improved in most parts of the 
structure when allowance is made for diffraction effects and false detail. 

Analysis of Platinum Phthalocyanine—The crystal data for, this compound, 
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CygH,,N,Pt, are: space group C}, (P2,/a), a = 23-9, b = 3-81, c = 16-9.4., B = 129-6°, 
with two centrosymmetrical molecules per unit cell of volume 1186 a.°, d(found) = 1-98, 
(calc.) = 1-97, M = 707, F(000) = 684. 

The atomic number of platinum is 78, and the sum of the atomic numbers of the other 
atoms in the molecule is 264. The scattering factor decreases so much more slowly for 
platinum than for the other atoms, however, that if we take the values given for the 
Hartree scattering factor for sin 6 = 0-5 the structure factor for the whole molecule will be 
positive unless the sum of the geometrical structure factors for the atoms other than 
platinum is greater than 65% of its maximum value. For free phthalocyanine this quantity 
never exceeds 46% of its maximum. These figures, as well as the signs determined for 
the structure factors for nickel phthalocyanine ,(J., 1937, 129), justify us in ascribing 
positive signs to all the structure factors for platinum phthalocyanine, an assumption 
fully confirmed later by direct calculations of the structure factors from the atomic co- 
ordinates. 

The measured structure factors derived from intensities in the (H0/) zone are given in 
Table I, and this provides a double Fourier series of 302 terms which was summed at 
1800 points on the asymmetric unit (half the molecule) to give the contour map shown in 
Fig. 1. This is drawn at unit electron intervals, except in the central portion where the 
increment is increased to 20 electrons per A.*, the peak value at the centre of the platinum 
atom being 174 electrons per A.”, as against peak values of 7 or 8 for the other atoms. 
(A better idea of the vertical scale is obtained from the section in Fig. 7.) 


TABLE I. 
Values of F(h0l). All signs positive. 
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In spite of strongly marked diffraction rings surrounding the central platinum atom, 
all the atoms can be identified, and those forming the outlying benzene rings are specially 
well resolved. It is obvious that the molecule is very closely similar to that of nickel 
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phthalocyanine, but it appears to be much broader, which means that it is inclined at a 
much smaller angle to the plane of the projection. This angle is in fact found to be 26-5°, 
as compared with 44-2° for the nickel and the metal-free compound. 

It is seen from Table I that the Fourier series is, in spite of the large number of terms 
included, much less convergent than that employed in, ¢.g., the synthesis of nickel phthalo- 
cyanine, the range of values of F being here 8-4 to 1 as compared with 14-5tol. This lack of 
convergence is responsible for the strong diffraction pattern surrounding the platinum atom, 
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Dimensions of the platinum phthalocyanine molecule. Average uncertainty about +0-05 a. 
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which is studied.in detail below and is shown to be the cause of the main distortions in its 
neighbourhood. The irregularities in other parts of the diagram are due mainly to the 
difficulty already mentioned of measuring the intensities to the same degree of absolute 
accuracy as has been attained in the case of other compounds studied, owing to the presence 
throughout of the large contribution due to the platinum atom. 

Dimensions of the molecule. In deducing the molecular model shown in Fig. 2 from the 
contour map the method used was similar to that employed for free phthalocyanine, with 
certain modifications necessitated by the impossibility of locating accurately the atomic 
centres of the 16-membered inner ring of atoms. The bond lengths and angles involving 
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these are liable to considerable error, amounting in the case of atoms 9, 10, 12 and 14 to as 
much asQ-1 a. For atoms 9 and 13 it was found possible to make a quantitative correction 
for the diffraction effect, subtracting from the electron density that found at the same 
distance from the origin in regions where no atom was situated. The distance, 1-97 A., 
of these atoms from the central platinum atom can probably be relied upon to within 
0-06 a. At a later stage, when the diffraction effect was considered in more detail, a 
revised correction gave a value of 2-01 a. It is interesting to compare these results with 
the values 1-92 a. and 1-83 a. found in the metal-free and the nickel compound. The 
increase in the platinum compound corresponds to the increased radius of’ the metal atom. 





Group of molecules of platinum phthalocyanine in b-axis projection. 


The distortion in the bond lengths and angles of the 16-membered ring is in the direction 
which would be expected from the increase of distance between the platinum atom and the 
nitrogen atoms nearest to it, but little weight can be attached to this on account of the 
large margin of error in the values assigned to these quantities. 

Apart from these effects the general features of the structure are almost identical with 
those of nickel phthalocyanine. The over-all dimensions and the tetragonal symmetry 
of the molecule are retained, and the lengths of the bonds connecting the benzene rings 
to the inner nucleus again indicate only a relatively small amount of double-bond character. 

Intermolecular distances. An extension of the } axis projection is given by the skeleton 
drawing in Fig. 3, which shows one molecule completely surrounded by its neighbours. 
The method of packing is seen to be similar to that of metal-free and of nickel phthalo- 
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cyanine; but in the stacking of the molecules along the d axis there is a striking difference, 
due to the smaller angle of inclination which the molecular plane of platinum phthalo- 
cyanine makes with the (010) projection plane (26-5° instead of 44-2°). This is shown by 
making a normal projection of the molecule in the plane of the adjacent molecule vertically 
below it on the 6 axis, as in Fig. 4. The dotted lines connect the atoms of the lower mole- 
cule. The diagram should be compared with the corresponding one for nickel 
phthalocyanine (J., 1937, 224). Unlike the nickel atom, the platinum atom gives as much 
clearance as possible to. the nearest atoms in the parallel molecules, and it will be seen 
that in no case are the atoms vertically over each other. The closest approaches found 
between atoms in these parallel molecules are those between the nitrogen atom 9 and the 
carbon atom 10, 3-44 a.; and between the carbon atoms 3 and 4, and 5 and 6, 3-45 A. in 
both cases. The vertical distance between the molecular planes is 3-41 A. 

No distances as low as these are found between atoms in other molecules, the least 


Normal projection of two parallel molecules. 


being 3-55 a. between the carbon atoms 6 of the standard molecule and 15 of the reflected 
molecule at (a/2, b/2, c). 


EXPERIMENTAL. 


Intensity Measuvements.—Some finely crystalline specimens of platinum phthalocyanine, 
obtained by vacuum sublimation, were supplied by Professor Linstead. On account of the 
high absorption (u = 120 per cm. for Cu-Ka radiation), special precautions were necessary. 
The corrections were reduced as far as possible by the use of extremely small crystal specimens. 
That used for the intensity measurements was in the form of a lath about 0-02 mm. by 0-085 
mm., and weighing about 0-01 mg. This was completely immersed in a beam of filtered copper 
radiation, and the reflections recorded photographically by means of a moving-film camera. 
The great number of intensities to be measured rendered a rapid method desirable, and that 
described by Dawton (Proc. Physical Soc., 1938, 50, 919) was adopted. Certain difficulties in 
the correlation of the positive and negative films used in this method of photometry impair its 
accuracy in this case, especially in certain parts of the film. The results were checked in some 
cases by the integrating photometer (Robinson, J. Sci. Insitr., 1933, 10, 233). 

The measurements were put on an absolute scale by correlation with determinations of the 
absolute values of the reflections from the (201) and (001) planes by the ionisation spectrometer, 
both Mo-Ka and Cu-Ka monochromatic radiations being used. The weight of the crystal 





[1940] An X-Ray Study of the Phthalocyanines. Part IV. 43 


specimen used in these experiments was 0-0095 mg., determined on a magnetic balance and 
checked by careful measurement of its dimensions. 

Corrections were made for absorption by determining the path length of the mean ray through 
the crystal for each reflection. These correction factors varied from 1-4 to 2-8. 

Fourier Analysis, Moleculay Orientation, and Co-ordinates—The values of F(h0l), all 


assumed positive for the reasons already given, are shown in Table I. The electron density 
given by 


o(x, 2) = —— 52 = F(h0l) cos 2n(hx/a + lz/c) 


was computed by the three-figure strip methods described by Robertson (Phil. Mag., 1936, 
21, 176), the a axis being divided into 120 parts (intervals of 0-199 a.) and the c axis into 60 
parts (intervals of 0-281 ..). The contour maps were prepared in the usual way by drawing 
sections in the two directions given by the rows and columns of the summation totals and 
dropping perpendiculars at the contour levels. 

The projections of regular hexagons of sides 1-39 a. were imposed on the benzene rings of 
the contour map, and the inclination to the b axis of the molecular axis M (see Figs. 1 and 2) 
was obtained, exactly as for free phthalocyanine (J., 1936, 1195), the results being 


Ring 1, ¢y = 62-9° Ring 15, ¢y = 63-4° 

4 ’ s , aie 9° 
Ring 1’, py = 64-2° Ring 15’, py = 65-2 > 
The mean of these values, 63-9°, was adopted for py (the inclination of M to the b axis). 

In determining the other inclinations of the molecular axes L and M, by averaging the 
directions of the lines joining certain atoms, as in free phthalocyanine, only the atoms in the 
benzene rings were used, with the addition of 7,7’ for L and 11,11’ for M. Adjustments were 
then applied to give the best average positions for all the atoms. The projections of L and M, 
thus determined, are inclined at an angle of 92-1°, and if we assume that these axes are at right 


angles and proceed as before (J., 1936, 1202) we obtain the following values for their direction 
cosines : 


% = 71-4° cos xz = 03197 Xm = 32-9° cos xy = 0°8395 
¥, = 85-7° cos #, = 0-0747 ¢y = 63-9° cos yy = 0-4399 
@,, = 19-2° cos wz = 0°9446 @y = 108-6° COS ay = — 0-3189 

Xv = 116-1° cos yy = — 0-4393 

vy = 265° cos Yy = 0-8949 

ay = 85-5° COS Oy = 0-0781 


The co-ordinates of the atoms are given in Tables II and III, and the final positions assigned 
are indicated by crosses in Fig. 5. 

Calculation of Structure Factors.—The co-ordinates for the nitrogen and carbon atoms as 
given in Table III were used for the calculation of their contributions to the structure factors 
for the 302 reflections measured. The average scattering curve for hydrocarbons was used 
(Proc. Roy. Soc., 1935, A, 150, 110), nitrogen atoms being weighted in the ratio 1-2 to 1, as in the 
corresponding calculations for free phthalocyanine. 

These structure factors (Fy) were subtracted algebraically from the measured values 
(F, meas.), and the difference (F, meas. — Fy) is attributable to the two platinum atoms in 
the cell, the geometrical structure factors of which are unity. These differences were halved, 
and plotted against sin 6, and the points were found to be grouped about a curve, the experi- 
mental scattering curve for platinum. It was found that the points lay more closely on a 
curve if the structure factors F were multiplied by a factor 1-165, which should be compared 
with a similar factor, 1-33, used to obtain the best agreement between the measured and cal- 
culated structure factors #r free phthalocyanine. The scattering curve for platinum finally 
adopted is shown in Fig. 6. It is seen that it rises to a value of over 80 at sin 6 = 0, which is 
slightly greater than the number of electrons in the platinum atom. From this we conclude 
that the scale of the intensity measurements is slightly too high, but the random errors are too 
large for any real certainty on this point. 

The experimental curve is seen to fall away much more rapidly for values of sin 6 greater 
than 0-5 than Brindley’s scattering curve for platinum, the ratio being only about 2 to 3 for 
sin§@ = 0-7. This effect is much more marked than in the case of nickel (J., 1936, 119). 
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TaBLeE II. 
Co-ordinates with respect to molecular axes, L and M. 
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TABLE IV. 
Measured and calculated values of the structure factor. 
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The structure factor for each reflection was now obtained by adding to the already calculated 
structure factor Fy the contribution from the two platinum atoms, as obtained by doubling the 
value of the scattering factor given by Fig. 6. This whole structure factor is shown in Table IV 
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under the heading F, calc. Only the axial and a few of the (401) results are shown in the 
table, but these may be taken as typical. (The complete list of measured values is given in 
Table I.) 

The agreement between the measured and the calculated values of F, as assessed in the usual 
way by expressing the sum of the discrepancies between the measured and the calculated values 
as a percentage of the sum of the measured values, is 11-3 for the complete set of 302 planes. 
This compares well with the figures obtained (J., 1937, 226) for metal-free and for nickel 
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Sin 6(A=7-54). 
Experimental scattering curve for platinum. 


phthalocyanine, but such a good result is due in part to the fact that the position of the platinum 
atoms, with their large contribution to the scattering, is perfectly known. A detailed examina- 

tion of the figures leads to the conclusion that the measured values of F for the small spacing 
planes are too small, an error attributable to the practical difficulty of including the whole of 
the diffuse reflections in this region of the film in the field of the photometer used. 

Study of Diffraction Effects——The scattering curve for platinum was now employed in the 
calculation of the diffraction effects due to the incompleteness of the series summed. It is 
clear that this incompleteness is due mainly to the presence of the platinum atom in the structure, 
because in the similar synthesis of metal-free phthalocyanine no serious diffraction effects are 
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e observable, in spite of the fact that the summation range was less. The values of F for two 
n platinum atoms, for each of the reflections included in the original summation, were now used 
in a new summation. This was carried out in exactly the same way as that for platinum 
phthalocyanine, except that the summation totals were found along one line only, the a axis, 
and only such terms in the preliminary summation as were necessary for this were calculated. 
As the scattering centres are assumed to be symmetrical, and as they are now sufficiently far 
apart to be free from any appreciable overlapping, this is sufficient to give us a new contour 
map. A section of this map is shown in Fig. 8, covering one platinum atom and its diffraction 
effects. 
A corresponding section of the original map on the same scale is given in Fig. 7. It follows 
the dotted line OAB in Fig. 5, cutting the platinum, a nitrogen, and two benzene carbon atoms. 
| 
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Comparison with Fig. 8 will show that the diffraction produces no appreciable distortion of the 
benzene rings, and the atoms of the inner rings present an appearance strikingly different 
from that of the diffraction effects in their neighbourhood. 

It is of interest to compare the dimensions of these diffraction rings with those obtained 
by calculation (Bragg and West, Phil. Mag., 1930, 10, 823). The positions of the calculated 
m maxima and minima are shown by arrows on Fig. 8, and it will be seen that the agreement is 
_a~ good. 
ig By reference to the contour map in Fig. 1, it is obvious at once that the main distortions of 
of the contours are accounted for by these diffraction effects in the neighbourhood of the platinum 
atom. The splitting of the peak due to atom 10 into two parts by the incidence of a diffraction 
1e trough very near to its maximum, and the crowding of the contours of atom 9 by the ridge 
is falling on it, are conspicuous examples. The position of the centre of the peak of atom 9 was 
e, calculated with an allowance for the diffraction effect, as noted earlier. 
re 
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An approximate electron count for the platinum atom, regarded as a cone, and extending 
only as far as the first zero contour, gives a value of 79-0 electrons, the atomic number of platinum 
being 78. As it is probable (Bragg and West, loc. cit.) that a higher value would be obtained 
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if we included the diffraction rings, this result confirms the conclusion previously reached that 
the scale of intensity measurements is slightly too high. 


We wish to thank Professor Linstead for crystal specimens, and the Royal Institution for 
laboratory facilities. 
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8. Thermal Polymerisation of Styrene and its Inhibition. 
By STANLEY G. Foorp. 


The effect of a considerable number of organic compounds on the rate of poly- 
merisation of pure styrene has been investigated. They are classified as ‘‘ inhibitors ” 
or “‘ retarders ’’ according to whether they introduce a period of induction or retard the 
subsequent polymerisation, and a generalisation is given for the effect of certain sub- 
stituent groupings. A class of strong inhibitors of which benzoquinone is a represent- 
ative member has been examined in detail, and quantitative measurements made on 
the extended induction periods produced have been applied in support of a theory of 
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the kinetics of stabilisation by inhibitors, whereby the inhibitor is assumed to react with 
the primarily activated styrene molecules which normally give rise to polymeric chains. 
Further work is suggested. 


A NUMBER of investigations on the polymerisation of styrene has been made within the last 
few years. These are of two types, viz., polymerisation of monomer and polymerisation 
in solution, and each of these methods has its own particular advantages and applications. 
In the electrical industry, styrene polymerised im situ is used extensively in cables for the 
construction of plugs and barrier joints of superior electrical properties, and for this reason 
and in view of certain theoretical advantages of the method, the polymerisation of pure 
styrene has been specially studied. 

The results of previous workers have led to widely accepted ideas as to the mechanism 
of polymerisation, but conflicting evidence has been obtained concerning the nature of 
the initial stages of the reaction. The existence has been noted of an induction period 
during which the rate of polymerisation increases and reaches a maximum only after 
a finite period of time. The length of this induction period was somewhat ill-defined, 
and recent work (Schulz and Husemann, Z. physikal. Chem., 1936, B, 34, 187; 1937, B, 
36, 184; Angew. Chem., 1937, 50, 767), has suggested that it is produced by impurities in 
the styrene. It is now shown that by the addition of certain substances polymerisation 
of styrene can be almost completely inhibited for long but well-defined periods, after which 
the reaction rate increases to a maximum and then follows the normal course with time. 
Observations, both qualitative and quantitative, on this artificially introduced induction 
period provide a powerful means of investigating the separate primary and growth reactions 
which has apparently not been utilised by other workers, and forms one of the main parts 
of the present work. 

The results of this work have an important practical application in that, by introduction 
of small amounts of such inhibitors, styrene may be stabilised against polymerisation 
when stored at comparatively low temperatures (e.g., below 70°) or during distillation at 
higher temperatures, the period of stabilisation being accurately controlled by the amount 
of stabiliser added. The results now recorded form the basis of patents (Standard Tele- 
phones and Cables, Ltd., and Foord, B.Pp. 504765, 504780). 


EXPERIMENTAL. 


Two principal methods were used for following the course of polymerisation. The first 
was the known method of dissolving a weighed amount of the partly polymerised styrene in 
benzene, precipitating the polystyrene with ethyl alcohol, and weighing the 
precipitate. This method has been criticised on the grounds that complete Fic. 1. 
precipitation is not obtained, but tests have shown that if a 0-5—1-0% solution 
in benzene is treated with twice its volume of industrial methylated spirit, 
reproducible and fairly complete precipitation of the polystyrene occurs. 
The method could be used to determine the degree of polymerisation at 
any point during the complete reaction. (Since the completion of this work 
an improved precipitation method for determination of polystyrene has been 
developed in this laboratory by Mr. A. J. Warner, and will be described in 
a forthcoming publication.) 

The second method, an indirect one, involved measurement of the 
viscosity of the partly polymerised styrene as a function of the time of 
polymerisation. For this purpose a special type of viscometer was used 
(Fig. 1). The monomeric styrene is introduced through the side limb C, the Cc 
vessel evacuated, and the side limb sealed off. If desired, the monomeric 
styrene can be purified and distilled into the viscometer in a vacuum. With 
the liquid in D, polymerisation is allowed to proceed for successive periods D 
of time, and the relative viscosity (pure styrene = 1) is determined by 
tranSferring the liquid through A into B by tilting, and taking the time of flow through the 
capillary E between two marks on B, the whole measurement being conducted at a standard 
temperature of 25°. This method is applicable only to the initial stages of the polymerisation 
(i.e., until the relative viscosity is about 50—100), the range being determined by the molecular 
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weight of the polymer formed. As, however, most of the investigation dealt with measurements 
of the induction period and the maximum rate of polymerisation, the limitation of range was of 
little consequence. For reaction rate measurements with a viscometer it is necessary to know 
the relation between the viscosity and concentration of a solution of polystyrene, and this is 
a matter of dispute. The equation 
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where 7p, is the specific viscosity for a concentration C, was originally proposed by Staudinger, 
but it is recognised to be applicable only to very dilute solutions, The principal alternative 
which has been proposed is 
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where 7, is the relative viscosity for a concentration C, and is a constant for a given polymer 
which is usually considered as proportional to the molecular weight. Both equations have 
been criticised (Danes, Kolloid-Z., 1934, 68, 110), but as a result of a series of measurements 
on polymers of different molecular weights the author has found that the logarithmic relation 


‘is in approximate agreement with experimental values over a considerable range. Curves 


of log y, against time are therefore of the same form as concentration-time curves, and are 
convertible by a single measurement of degree of polymerisation by the aleohol precipitation 
method, preferably carried out at a standard value of relative viscosity. As a matter of con- 
venience such measurements were made at a value of logy, n, = 1-8, at the end of a series of 
determinations of viscosity against time. 

Measurement of the course of polymerisation by the change in viscosity offers several 
advantages over the more absolute precipitation method. In the first place the whole series 
of readings (and a large number can be taken) is made on the same sample without its being 
exposed to air, a procedure which is impossible or very laborious by the precipitation method, 
in which separate specimens are generally used. The importance of excluding air throughout 
a series of measurements will be realised in view of the known erratic catalytic effect of oxygen 
on styrene polymerisation (Schulz and Husemann, Z. physikal. Chem., 1937, B, 36, 184). For 
work on the measurement of induction periods, traces of impurity during the polymerisation 
must be rigidly excluded, and precise determination of the end of the induction period demands 
an accuracy of measurement which is more easily attained by the viscometric than by the pre- 
cipitation method. Rapidity of measurement is also another deciding factor. For these 
reasons, the precipitation method has only been used for the conversion of log y,-time curves 
into concentration—time curves, or for the construction of complete reaction curves. 

Polymerisation of styrene was carried out either in 20 ml. portions in the vacuum viscometers 
described, or in sealed evacuated glass tubes 1 cm. in diameter, immersed in a thermostatically 
controlled oil-bath. The styrene was either a commercial product or made by dehydration 
of $-phenylethyl alcohol with molten potassium hydroxide. Immediately before use it was 
fractionally distilled under reduced pressure (15—20 mm.), and in one series of measurements 
it was distilled directly into viscometers. In general, the viscometers were filled at atmospheric 
pressure, pumped out, and sealed under vacuum. 

Results.—(a) Complete polymerisation. Measurements of degree of polymerisation against 
time were made at 60°, 90°, and 120°, mostly within the range of 80—100% polymer. The 
results agree with those of previous workers, and are of little theoretical value in the principal 
region covered, but it is noteworthy that the polymers assume a rigid solid form while still 
containing up to 20% of monomeric styrene. It is therefore necessary to regard with caution 
any statements as to time of polymerisation unless its degree is also given. Further observations 
have shown that after reaching the solid state polymers become progressively harder as the 
degree of polymerisation approaches 100%, the hardness being independent of the temperature 
of polymerisation, at least within the range 60—120°. This phenomenon may be made the basis 
of a method of detecting free monomer in polystyrene. 

(b) Inhibition of polymerisation. Most of the literature on the stabilisation of styrene 
against polymerisation is concerned with prevention of polymerisation during purification 
by distillation or during preparation of styrene during cracking processes. In this connection 
the following compounds are mentioned in the patent literature: sulphur, aromatic nitro- 
compounds, quinones, and substances containing a benzene nucleus in which oxygen replaces 
hydrogen atoms, quinol and other polyhydric phenols, anthracene, pyridine, etc. In some 
instances the use of these compounds is extended to the stabilisation of styrene during storage, 
but in none of the cases cited are any data given as to the nature or limitations of the stabilisation 
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process. In all cases of stabilisation during storage it has been considered necessary to remove 
the stabiliser by, ¢.g., distillation or washing before polymerising the styrene. To obtain more 
detailed information on these points a comprehensive search has been made for materials capable 
of acting as stabilisers when added in small amounts to monomeric styrene, particularly for use 
at low temperatures, and the more effective of these have been subjected to a quantitative 
examination. 

In choosing the materials, advantage was taken of the close parallelism which appears to 
exist between the processes of autoxidation and polymerisation of unsaturated substances, 
the literature on inhibition of autoxidation being very extensive. Inorganic materials were 
excluded on the general grounds of insolubility in styrene and lack of a guiding principle in 
their choice. About 130 organic compounds were finally selected for test, so chosen as to obtain 
information on the general effects of different nuclei and substituent and other groupings, and 
further limited by the proviso that all were to be commercially obtainable. Preliminary tests 
were carried out on 2-ml. samples of styrene containing 0-5—1-0% of the added substance, sealed 
in evacuated glass tubes and heated for successive periods of time at 60°. After each period 
of heating the tubes were cooled, and the viscosity of the contents estimated from the rate of 
flow on tilting the tubes side by side with standards of known viscosity. By comparison with 
the polymerisation of pure styrene, the added substances could be divided into a number of 
groups, according to their effect in (a) introducing a more or less extended induction period, and 
(b) modifying the subsequent rate of polymerisation. These groups were as follows: 
(1) Accelerators, i.e., rate of polymerisation appreciably greater than for pure styrene. (2) No 
appreciable effect on induction period or rate of polymerisation. (3) Polymerisation retarders, 
with or without the property of increasing the induction period. (4a) Substances which gave 
an induction period of not more than 240 hours at 60° in the stated concentration, and thereafter 
allowed polymerisation to proceed at the normal rate. (4b) Substances which completely 
inhibited polymerisation for at least 600 hours at 60° in the stated concentration (600 hours 
was the maximum period of test). 

The substances of group (1) are of little interest in the present case, but those of groups 
(3) and (4), constituting about 50% of the compounds tried, are all more or less effective retarders 
or inhibitors. It is necessary to distinguish between the two methods by which these stabilising 
compounds may act. For present purposes the term “ inhibitor” will be restricted to those 
substances which introduce a more or less protracted induction period during which very little 
polymerisation occurs, whereas those substances which cause the subsequent reaction to proceed 
at a reduced rate will be designated “ retarders’’. Some substances are both inhibitors and 
retarders, and the members of groups (3) and (4a) may be classified according to whether they 
belong to either or both of these classes. On the evidence provided by the 60° experiments, 
group (4b) cannot be classified in this manner owing to the extreme effectiveness of the added 
compounds. For this reason the members of group (4b) were subjected to a polymerisation 
test at 120°, quantitative measurements being made by the vacuum viscometer method and 
0-2% solutions of the added substances in styrene being used. To economise space, full details 
of all of the compounds used cannot be given, but the effects of a number of molecular or atomic 
groupings are summarised as follows : 

Effective groups for the stabilisation of styrene are quinonoid, nitro-, phenolic hydroxy-, 
amino-, and nitroso-. The general effects of several of these groups in a compound are additive. 

One nitro-group in an aromatic compound gives a strong retardation without a period of 
complete inhibition. The retarding effect is much stronger with two nitro-groups and even 
stronger with three. 

Quinonoid compounds generally are very strong inhibitors without any material retarding 
action in small concentrations. Notable exceptions are anthraquinone, which although men- 
tioned in the patent literature as a stabiliser has been found to be ineffective, and acenaphthene- 
quinone which has only a weak inhibiting effect. 

Phenolic hydroxy-groups give rise to comparatively weak stabilisers. Phenol is ineffective, 
and cresol is a very feeble stabiliser. The effectiveness increases with the number of hydroxy- 
groups, but depends on their relative positions; ¢.g., quinol and pyrocatechol lengthen the 
induction period, and the latter (probably owing to its higher solubility) retards polymerisation, 
whereas: resorcinol gives only a short induction period and no retardation. Pyrogallol gives a 
very strong retardation with little increase in induction period. In general, phenolic compounds 
may be classified as retarding agents with a weak inhibiting action. 

Amino-groups in a compound tend to increase the induction period without materially 
reducing the rate of polymerisation, and are most effective when attached to a benzene nucleus, 
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particularly in presence of another active group. Substitution of the hydrogen atoms of the 
amino-group produces anomalous effects; e.g., aniline and dimethylaniline give only a short 
induction period, but methylaniline gives a relatively long one. {$-Naphthylamine is a more 
effective inhibitor than a-naphthylamine, and substitution of one hydrogen atom of the amino- 
group by phenyl gives a further increased effectiveness. Hydrazobenzene strongly retards 
polymerisation. Amides have no stabilising effect. 

The data upon the nitroso-group do not suffice for generalisation, but those compounds 
investigated have shown a very strong inhibiting action without greatly reducing the subsequent 
rate of polymerisation. 

Evidence with regard to oximes is conflicting, some having no effect (e.g., acetophenone- 
oxime), others retarding (acetaldoxime, benzildioxime, piperonaldoxime), and one inhibiting 
(salicylaldoxime), although such effects are feeble and may be due to other groups in the mole- 
cules concerned. Halogen compounds do not in general differ in their effects from the parent 
substances. Ketones, ethers, and alcohols have no stabilising action, and pyridine has no effect 
on polymerisation at 60°, in spite of patents covering its use as a stabiliser. 

For the practical utilisation of these materials as stabilisers for styrene, a clear-cut division 
may be made according to the particular use to which they are to be put. For the purpose of 
storage, the ideal stabiliser is one which will give an extended induction period followed by 
polymerisation at the same rate as would have been obtained in its absence. This induction 
period should be controllable as to length, and removable when required by simple means. 
For stabilisation during distillation or preparation of styrene, any materials may be used which 


Fic. 2. 
Polymerisation of styrene in presence of benzoquinone; 90°. 
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give a long induction period or strong retardation of the polymerisation reaction or both, and 
therefore constitute a larger class. The first of these classes is designated the quinone class, 
since benzoquinone and its derivatives are representative members. The most important of 
these which have been tested are: benzoquinone, toluquinone, phenanthraquinone, chloranil, 
and #-nitrosodimethylaniline. Less effective but suitable compounds are 1-aminoanthra- 
quinone, acenaphthenequinone, benzidine, 2 : 4-diaminoazobenzene, methylaniline, p-phenyl- 
enediamine, phenyl-a- and phenyl-8-naphthylamine. The second or distillation class, in addition 
to the above compounds, includes the following which act as strong retarders : hydrazobenzene, 
nitroso-$-naphthol, o-nitrophenol, 2: 4-dinitroaniline, m-dinitrobenzene, dinitro-o-cresol, 
2: 4-dinitrodiphenylamine, 2 : 4-dinitrophenol, 2 : 4-dinitrophenylhydrazine, 2 : 4-dinitrotoluene, 
picric acid, naphthalene picrate, 1: 3: 8-trinitronaphthalene, and other highly nitrated 
compounds. 

The most effective members of the quinone class.show properties of particular interest from 
the theoretical point of view, and have been examined in greater detail. Since all have similar 
effects on the polymerisation of styrene, with only quantitative differences, detailed description 
of the experimental results will be confined mainly to the cases of benzoquinone and phenanthra- 

uinone. ; 
2 The course of polymerisation at 90° and 120° of styrene with and without addition of benzo- 
quinone is shown in Figs. 2 and 3, which give the value of log,, n, after various times of poly- 
merisation in the vacuum viscometers. In view of the approximate validity of equation (2), 
these curves may be taken as representative of the change of degree of polymerisation with 
time if due allowance is made for any variation of molecular weight of the polymer formed in 
the various cases. Curve A in each case refers to the polymerisation of pure styrene, and shows 
that after a very short induction period, possibly due to traces of impurity, the rate of poly- 
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merisation rapidly increases to a maximum and thereafter gradually falls. The remaining 
curves refer to styrene with small amounts of benzoquinone added, and follow a similar course 
to curve A from the end of a definite period of induction during which no change of viscosity 
and therefore presumably very little polymerisation occurs. An important observation was 
that the yellow colour due to the benzoquinone gradually fades during the induction period, 
and almost disappears at the same moment that the period of induction ends. Some slight 
falling off of the maximum slope is to be observed in curves for the highest concentrations of 
benzoquinone, but measurements of the degree of polymerisation at the standard value of 
log 19 , (1-8) have shown that this is due largely to a slight fall in the mean molecular weight of 
the polymer rather than to a retardation of the polymerisation.. These results are of particular 


Fie. 3. 
Polymerisation of styrene in presence of benzoquinone; 120°. 
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Fic. 4. 
Polymerisation of styrene in presence of phenanthraquinone; 120°. 
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interest in view of the publication, since the completion of these experiments, of a somewhat 
similar series of measurements (Breitenbach, Springer, and Horeischy, Ber., 1938, 71, 1438), 
in which no evidence of a sharp induction period, but a considerable reduction in the rate of 
polymerisation was obtained. 

Fig. 4 shows a representative series of curves for the polymerisation of styrene at 120° in 
presence of phenanthraquinone, which are similar in form to those obtained with benzoquinone, 
but the transition at the end of the induction period to the point of maximum slope is more 
protracted, and the decrease in slope with high concentrations of phenanthraquinone is more 
pronounced. It was in connection with these measurements that the effect of special purifica- 


. tion of the materials (see p. 50) was tested. The styrene was subjected to three successive 


fractional distillations in a vacuum, and distilled directly into the viscometers which contained 
the required quantity of phenanthraquinone. It has recently been pointed out that such a 
procedure does not completely remove any peroxidic substances that may be present in the 
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original styrene, so some such impurity may still have been present. The phenanthraquinone 
was purified by formation of its bisulphite compound, reprecipitation with acid, and crystallis- 
ation from alcohol. The polymerisation curves obtained included those of Fig. 4, and do not 
differ from the curves measured by the usual methods using styrene after a single vacuum 
distillation, and A.R. quality phenanthraquinone, showing that the simple purification process 
used in other experiments was adequate. 

Fig. 5 shows the dependence of the induction period at 120° on the amount of inhibitor 
added, curves being given for both benzoquinone and phenanthraquinone. The increase 
in induction period is a linear function of the concentration of inhibitor in both cases, and a 
similar result is obtained in the polymerisation in presence of benzoquinone at 90°, as shown in 
the following tables. Figures are also given for the maximum slope of the log,, 4,-time curves 
(col. A) and the degree of polymerisation at the standard value of log, 7, (col. B). The product 


Fie. 5. 





300 





nutes). 
S 


VA 





™ 
S 
S 


~ 
- 
8 
© 
& 
Q 
S 
3 
RS 
S 

















0-7 02 0-3 
Stab/liser, %. 


of these two quantities gives an approximate measure of the true rate of polymerisation, and 


col. C of the tables gives the calculated figure for the maximum rate. 
A = maximum value of d logy, ,/dé (mins.-*). 
B = &% polymer present when logy yn, = 1°8. 
C =calculated maximum polymerisation rate (g.-mols. /c.c. hour). 
The figures in the last two columns of Table II show that there is an appreciable retardation 


of the polymerisation reaction in presence of phenanthraquinone or its reaction product with 
styrene, and that the chain length of the molecules of polymer formed is considerably reduced. 


TABLE I. 


Polymerisation in presence of benzoquinone. 


At 120°. At 90°. 
Induction Induction 


Quinone, riod i iod 
%. race - A ; %. (mins.). A, 

. ° ° 0-00 80 0-0050 
330 — 
600 -- 
1300 — 
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TABLE II. 


Polymerisation at 120° in presence of phenanthraquinone. 


Induction Induction 
Quinone, period i i 
%. (mins.). A. 
0-000 5 
0-012 20 
0-026 30 
0-050 50 


DISCUSSION. 


Interpreted in terms of the kinetics of polymerisation, inhibitors as defined on p. 51 
have the effect of destroying the active centres produced in the primary process, whereas 
retarders deactivate the active entities in the chain growth processes and reduce the overall 
polymerisation rate and also the molecular weight of the polymer formed. In most cases, 
the effect of the added substances, although considerable, is insufficient completely to 
dominate the reaction, but in the case of the group referred to as the quinone class, the 
effect is so marked as almost completely to inhibit reaction so long as an appreciable 
amount of the added substance remains in solution. 

Benzoquinone may be considered as an example ; during the induction period it gradually 
disappears, and the linear relation which has been shown to exist between length of in- 
duction period and initial concentration of benzoquinone shows that the reaction reducing 
the latter is unimolecular with respect to the quinone. Similar behaviour is observed 
with other members of the quinone class. It is apparent that almost every active centre 
formed which would normally give rise to a polystyrene molecule is deactivated by collision 
with a quinone molecule, until the concentration of the latter reaches a very small value. 
Whether the reaction which removes the quinone is a direct result of the deactivating 
collision or whether the two processes are entirely independent is not yet certain. In this 
connection, the consumption of benzoquinone has been observed by Breitenbach, Springer, 
and Horeischy (loc. cit.), who suggested that it was either incorporated in the polystyrene 
or reduced to quinol. Neither of these appears to be the case, since the reaction product is 
yellow in very concentrated solution, no appreciable amount of polymer is produced during 
its formation, and it is retained in solution when the polystyrene formed in later stages is 
precipitated with alcohol. Unfortunately the slight solubility of polystyrene in benzene- 
alcohol made it a matter of some difficulty to obtain the reaction product of styrene and 
benzoquinone in a sufficiently pure state for analysis. A further suggestion (Springer, 
Kautschuk, 1938, 14, 212) that polystyrene is first formed and then decomposed by the 
benzoquinone is disposed of by the fact that, if a solution of polystyrene in benzene is 
heated in presence of benzoquinone, the viscosity of the resulting solution is the same as 
that of a solution similarly treated in the absence of the quinone. 

We must therefore conclude that benzoquinone is consumed by a simple non-polymeric 
reaction which may be a combination with the primarily activated styrene molecules. 
If the latter assumption is taken for the moment to be correct, several interesting calcula- 
tions may be made concerning the kinetics of polymerisation. First, in view of the fact 
that activated styrene molecules are practically quantitatively removed during the induc- 
tion period, the length of the induction period or alternatively the rate of consumption 
of benzoquinone at any temperature is a measure of the rate of the primary activation 
process, and by taking measurements at two temperatures an absolute value of the energy 
of activation may be obtained without having recourse to combined molecular-weight 
and rate of polymerisation measurements as has previously been necessary. From data 
of the type given in Table I the results given in the following table may be derived : 


Consumption of styrene and benzoquinone during polymerisation. 


Rate of consumption (in g.-mols./c.c./hour). 
Temp. Styrene. Benzoquinone. 
90° 1-17 x 10 2-2 x 10” 
120 84 x 10+ 42 x 10° 
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From the last column, the energy of activation is calculated to be 28,000 cals., the calcula- 
tion beirig independent of the actual mechanism by which the quinone combines with the 
active molecules. This value is somewhat higher than that given by other investigators 
(Schulz and Husemann, Joc. cit., 1936; Springer, Joc. cit.; Schulz, Kautschuk, 1938, 14, 
128; Luschinsky, Z. physikal. Chem., 1938, A, 182, 384), although in many cases the 
activation energy has been calculated from the overall rate of polymerisation. The 
second column gives the rate of consumption of styrene which would have resulted if 
benzoquinone had been absent, so that if the number () be known of primarily activated 
molecules which react with one molecule of quinone before the latter loses its 
activity, it is possible to calculate the mean molecular weight of polystyrene formed at a 
given temperature. It is important to realise that calculation of such mean molecular- 
weight values from data obtained with different inhibitors provides a means of distinguish- 
ing between the two possible modes of action of an inhibitor. If the reaction removing 
the inhibitor is identical with that removing the primarily activated molecules, as pro- 
visionally assumed above, the same value of mean molecular weight should be obtained 
independently of the inhibitor used. If, on the other hand, the process of removal of the 
inhibitor by reaction with styrene is independent of the deactivating effect, widely different 
values are to be expected, since it is extremely unlikely that all such reactions would have 
the same velocity constant. The mean molecular weight (M) calculated from measure- 
ments of induction period at 120° is given below for a number of strong inhibitors, in 
terms of n as defined above. 


Calculated molecular weights for 120° polymer. 


Stabiliser. Mn. Stabiliser. Mn. 


Benzoquinone —.........essececeeeseeeseeee 20,800 p-Nitrosodimethylaniline ............. 24,000 
Toluquinone  ......... csc eeeeeeeessereeeeee 23,600 Chloranil  .........ccccceserseeeee 41,200 


Phenanthraquinone .........ss0000000004 24,800 


Approximate agreement for M is obtained for the same value of m, except with chlor- 
anil, for which a value of » twice as great is required. The existence of two such values 
of ” is not impossible, since the steric effect of the four chlorine atoms in chloranil may 
enable both the quinonoid groups to be effective for inhibition, whereas only one such group 
may normally be effective; » cannot be less than unity, and the molecular weight found 
cannot exceed the above values. Comparison with the accepted value of about 100,000 
for the molecular weight of the 120° polymer—the accepted value has risen some 5—10 
fold in the last 10 years—might be supposed to discredit the basis of the above calculation, 
but it must be remembered that the presence of a comparatively small mass of short chains 
can reduce the true average molecular weight by a considerable amount, while the effect 
on the standard methods of molecular-weight measurement is less pronounced. 

The complete explanation of the anomalous result with chloranil, and further discussion 
of the validity of the above molecular-weight determinations and their bearing on the 
mechanism of inhibition must be deferred until the separate reaction products of styrene 
with the above stabilisers have been prepared and identified, enabling substitution of the 
appropriate value of m. In the event of complete agreement being obtained in this manner, 
and in view of the wide variation in molecular weight of the stabilisers, a good case could 
then be made for the assumed mechanism whereby strong inhibitors affect. the process of 
polymerisation of styrene. 


The author thanks the Standard Telephones and Cables, Limited, for facilities and permission 
to publish the results of this work. 


STANDARD TELEPHONES & CABLES, LTD., NoRTH WooLwIcH. [Received, October 9th, 1939.]} 
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9. Some Condensation Products of m-Dialkylaminobenzaldehydes with 
Compounds containing Reactive Methylene Groups. 


By WEsLEY CocKER and Denys G. TURNER. 


Stilbene-like compounds have been prepared from m-dialkylaminobenzaldehydes 
(Cocker and Harris, J., 1939, 1092) and 2:4-dinitrotoluene, -nitrophenylacetic 
acid, -nitrophenylacetonitrile, and 1-phenyl-3-methyl-5-pyrazolone. These com- 
pounds gave interesting shades on acetate silk, but their light-fastness was poor. 

Condensation of the above aldehydes with «-picoline methiodide, quinaldine 
methiodide, 2-methylthiazole methiodide, and 2-methylbenzthiazole methiodide 
yielded dyes of little interest tinctorially, but spectrographic determinations now 
in progress will indicate their suitability as photographic sensitisers. 


THE condensation of carbonyl compounds with compounds containing reactive methylene 
groups has frequently been investigated (see Knoevenagel, Ber., 1904, 37, 4461, for refer- 
ences) and Pfeiffer (Ber., 1915, 48, 1796) and Dippy, Hogarth, Watson, and Williams (J. 
Soc. Chem. Ind., 1937, 3961) found that the condensation products of #-dialkylamino- 
benzaldehydes with nitrotoluenes are valuable dyes for acetate silk (Soc. Chem. Ind. 
Basle, B.P. 396,893). It is now shown that m-dialkylaminobenzaldehydes (Cocker and 
Harris, loc. cit.) similarly condense with the greatest ease, with piperidine as catalyst, 
giving highly coloured stilbene derivatives. 

The condensation of p-nitrophenylacetic acid with #-dimethylaminobenzaldehyde at 
116° yields a substituted stilbene (Dippy e¢ al., loc. cit.), but its condensation with m-di- 
alkylaminobenzaldehydes at 100° gives substituted cinnamic acids, which are readily 
decarboxylated by heating with piperidine at 140°, yielding the corresponding stilbenes. 

The condensation of #-dimethylamino- 


WZINAcHn—c 4 ; benzaldehyde with /-nitrophenylacetic 
RIV Aco G NO, acid at 100° yields a stilbene and it 
oe appears that the difference in the 


{| , course of the reactions of m- and #- 
ld dialkylaminobenzaldehydes is due to the 
greater ease of transmission of electrons, 
by the conjugated system, from the alkylamino-group in the para-position, thus facilitat- 
ing decarboxylation of the cinnamic acid first formed in the condensation. 
The highly coloured products from m-dialkylaminobenzaldehydes with 2 : 4-dinitro- 
toluene and #-nitrophenylacetonitrile dye acetate silk in bright shades, not fast to light. 
The condensation of m-dialkylaminobenzaldehydes with the alkyl iodides of heterocyclic 
compounds containing a 2-methyl group yields highly coloured products, which dye 
acetate silk in bright shades; these, however, are rapidly discharged by acid, although 
they may be restored by treatment with alkali. The compounds, like those described by 
Smith (J., 1923, 128, 2288; see also Mills and Smith, J., 1922, 121, 2724), may be useful 
as photosensitising agents and are being examined from this aspect. 


EXPERIMENTAL, 

Condensation of m-Dialkylaminobenzaldehydes with 2 : 4-Dinitrotoluene.—2 : 4-Dinitro-3'-di- 
methylaminostilbene. A mixture of 2: 4-dinitrotoluene (3 gi, m-dimethylaminobenzaldehyde 
(2-5 g.), and piperidine (0-25 c.c.) was heated under reflux on the water-bath for 24 hours. 
The almost solid mass was extracted with the minimum quantity of boiling benzene, from 
which the required compound (3-1 g.) separated in very dark red prisms, m. p. 205° (Found : 
C, 61-7; H, 5:1; N, 13-7. C,,H,,0,N, requires C, 61-3; H, 4-8; N, 13-4%). 

Dyeing experiments were made with this and the following substances, which were obtained 
finely divided by pouring boiling alcoholic solutions into a large excess of cold water. The 
dried precipitate (0-25 g.) was triturated with 2 c.c. of Turkey-red oil and introduced into 
120 c.c. of water containing 0-25 g. of Lux soap. The solution was warmed to 40°, 4 g. of 
acetate silk fabric introduced, and the temperature then maintained at 70—80° for 90 minutes, 
with periodical stirring. The fabric was rinsed in cold water, and a portion dried. A further 
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portion was brightened by immersion in 0-5% lactic acid solution for 30 minutes, followed by 
rinsing and drying. 

2 : 4-Dinitro-3’-dimethylaminostilbene gave orange solutions and imparted a pale yellow 
shade to acetate silk. The dye-bath was almost discharged. When the dyed fabric was 
exposed for 24 hours to bright sunlight, the colour was largely discharged. 

2 : 4-Dinitro-3'-diethylaminostilbene, similarly prepared from m-diethylaminobenzaldehyde 
(3 g.), 2: 4-dinitrotoluene (3. g.), and piperidine (0-25 c.c.) (6 hours’ heating), formed very dark 
red prisms (3-8 g.), m. p. 153° (Found: C, 63-5; H, 5-35; N, 12-4. C,sH,,O,N; requires C, 
63-4; H, 5-8; N, 12-3%). It gave a pale pinkish-yellow shade on acetate silk, but its light- 
fastness was poor, although rather better than that of the lower homologue. 

2 : 4-Dinitro-3'-dipropylaminostilbene (60% yield) formed long, dark red, pointed prisms, 
m. p. 132° (Found: C, 65-3; H, 6-0. C, .H,,0,N; requires C, 65-0; H, 62%). Its shade on 
acetate silk was brown-yellow, but the discharge of the dye bath was not very good. 

2 : 4-Dinitro-3'-dibenzylaminostilbene.—m-Dibenzylaminobenzaldehyde (5 g.), 2: 4-dinitro- 
phenylacetic acid (3-8 g.), and piperidine (0-25 c.c.), heated on the water-bath for 24 hours, 
yielded a viscous mass. After extraction with alcohol the residue crystallised from petroleum 
(b. p. 100—120°) in orange-red prisms (1-6 g.), m. p. 163° (Found: C, 72-6; H, 5-2; N, 8-9. 
C,,H,,0,N, requires C, 72:3; H, 5-0; N, 90%). It gave pale champagne shades on 
acetate silk. 

Condensations with p-Nitrophenylacetonitrile—3-Dimethylamino-a-4'-nitrophenylcinnamo- 
nitrile. A mixture of m-dimethylaminobenzaldehyde (2-5 g.), p-nitrophenylacetonitrile (2-7 g.), 
and piperidine (0-25 c.c.) was heated on the water-bath for 3 hours. The solid product, 
recrystallised from boiling benzene, gave the required compound (3-7 g.) in large, dark red, 
transparent prisms, m. p. 162-5° (Found: C, 69-6; H, 5-2. C,,H,,0O,N, requires C, 69-6; H, 
51%). The rich golden-yellow shades produced on acetate silk faded to primrose-yellow 
after about 16 hours in bright sunlight. 

3-Diethylamino-u-4'-nitrophenylcinnamonitrile, similarly prepared (yield, theoretical), formed 
small, dark red prisms, m. p. 136° (Found: C, 71-1; H, 6-0. C,,H,,O,N, requires C, 71-0; 
H, 59%). It gave orange-yellow shades on acetate silk, which rapidly faded in bright 
sunlight. 

3-Dipropylamino-a-4'-nitrophenylcinnamonitrile (maximum yield, 65%, obtained after 8 
hours’ heating) crystallised from benzene in orange-red prisms, m. p. 108° (Found: C, 71-8; 
H, 6-5. C,,H,,0,N, requires C, 72-2; H, 6-5%). Its shade on acetate silk was bright yellow, 
rapidly fading in sunlight. 

3-Diallylamino-a-4'-nitrophenyleinnamonitrile separated, on cooling (yield, 90%), in long, 
bright orange prisms, m. p. 82° (Found: C, 73-1; H, 5-6. C,,H,,O,N, requires C, 73-0; H, 
55%), from a hot alcoholic extract (charcoal) of the dark red tarry product obtained by 
heating together m-diallylaminobenzaldehyde and -nitrophenylacetonitrile in presence of 
piperidine for 8 hours on the water-bath. It gave extremely bright yellow shades on acetate silk, 
but after 16 hours’ accelerated fading under the ultra-violet lamp the fabric was almost white. 

Condensations with p-Nitrophenylacetic Acid.—3-Dimethylamino-a-4'-nitrophenyleinnamic 
acid. A mixture of m-dimethylaminobenzaldehyde (2-5 g.), p-nitrophenylacetic acid (3 g.), 
and piperidine (0-25 c.c.) was heated on the water-bath for 16 hours. The solid product was 
recrystallised twice from benzene, the required compound being obtained (1-7 g.) in long orange- 
yellow prisms, m. p. 215-5° (Found: C, 65-2; H, 5-0; N, 9-6. C,,H,,0O,N, requires C, 65-4; 
H, 5:1; N, 90%). The compound had little affinity for acetate silk. It was readily soluble 
in warm 3n-caustic soda or sodium carbonate; on cooling, the sodium salt was deposited in 
bronze plates readily soluble in water or alcohol. 

3-Dimethylamino-«-4'-nitrophenylcinnamic acid (1 g.) was heated with piperidine (0-5 c.c.) 
at 140—145° for 4 hour. The product was extracted with caustic soda solution, washed with 
water, dried, and crystallised twice from alcohol, 4-nitvo-3'-dimethylaminostilbene being obtained 
in long, deep orange prisms, m. p. 145—145-5° (Found: C, 71:7; H, 6-0. C,,H,,O,N, requires 
C, 71-6; H, 6-0%). It gave very bright lemon-yellow shades on acetate silk. 

3-Diethylamino-a-4'-nitrophenylcinnamic acid. The oily product obtained by heating 
m-diethylaminobenzaldehyde with p-nitrophenylacetic acid and a trace of piperidine for 7 
hours on the water-bath was shaken with warm dilute caustic soda solution, and the alkaline 
solution extracted with ether. The aqueous layer was neutralised with dilute acetic acid and 
the tar produced was washed with water and dissolved in the minimum quantity of warm 
benzene. On long standing, this solution deposited orange prisms, m. p. 173° (Found: C, 
66-9; H, 6-0. C,H, O,N, requires C, 67-0; H, 5-9%). On decarboxylation as described 
above, the acid gave 4-nitro-3'-diethylaminostilbene, which crystallised from alcohol in orange- 
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red needles or long prisms, m. p. 97° (Found: C, 72-7; H. 6-7. C,,H,,O,N, requires C, 73-0; 
H, 6°8%). Its shade on acetate silk was similar to those of its homologues. 

3-Dipropylamino-a-4'-nitrophenylcinnamic acid. The product of heating m-dipropylamino- 
benzaldehyde and -nitrophenylacetic acid for 24 hours on the water-bath with piperidine as 
catalyst was crystallised from benzene, yielding 1-7 g. of transparent, bright yellow prisms, 
m. p. 180-5° (Found: C, 68-5; H, 6-4. C,,H,,O,N, requires C, 68-5; H, 65%). The pro- 
perties of this acid were similar to those of the lower homologue. On decarboxylation it gave 
4-nitvo-3'-dipropylaminostilbene, which crystallised from alcohol in orange-yellow needles, m. p. 
79° (Found: C, 73-75; H, 7-4. C H,,O,N, requires C, 74:1; H, 7-4%). This gave a bright 
yellow shade on acetate silk. 

Condensation with 1-Phenyl-3-methyl-5-pyrazolone—A mixture of m-dimethylamino- 
benzaldehyde (2-5 g.), phenylmethylpyrazolone (3-0 g.), and piperidine (0-25 c.c.) was heated 
on the water-bath for 6 hours, the dark red mass extracted with boiling benzene, the extract 
concentrated and cooled, and the deposited crystals recrystallised from high-boiling ligroin ; 
1-phenyl-4-3'-dimethylaminobenzylidene-5-pyrazolone was obtained (2-3 g.) in deep red needles 
or long prisms, m. p. 117° (Found: C, 74:7; H, 6-6. CC, ,H,,ON, requires C, 74:8; H, 6-2%). 
It dyed acetate silk a very pale ivory shade, and this retained its colour even after many hours 
under the ultra-violet lamp. 

Condensations with Methiodides of Heterocyclic Bases containing Reactive 2-Methyl Groups.— 
2-m-Dimethylaminostyrylpyridine methiodide. A solution of m-dimethylaminobenzaldehyde 
(2-5 g.), «-picoline methiodide (4 g.), and piperidine (0-5 c.c.) in alcohol (50 c.c.), heated under 
reflux on the water-bath for 6 hours, soon became deep red and finally deposited crystals. 
The alcohol was distilled off, and the residue recrystallised from methyl alcohol, the required 
compound (2-5 g.) being obtained in deep orange prisms, m. p. 237° (Found: C, 51-5; H, 5-2. 
C,,H,,N,I requires C, 52-5; H, 5-2%). It gave a reddish-yellow solution in alcohol and 
imparted a vivid lemon-yellow shade to acetate silk. 

2-m-Diethylaminostyrylpyridine methiodide, similarly prepared from m-diethylaminobenz- 
aldehyde, formed orange-red prisms, m. p. 208°, from methyl alcohol (Found: C, 53-8; H, 
5-8. C,,H,,N,I requires C, 54-8; H, 58%). It gave an orange-coloured solution in alcohol 
and imparted a rich orange-yellow shade to acetate silk. 

2-m-Dipropylaminostyrylpyridine methiodide was obtained by refluxing a solution of m-di- 
propylaminobenzaldehyde (2 g.), a-picoline methiodide (2-4 g.), and piperidine (0-3 c.c.) for 8 
hours on the water-bath. Recrystallised from methyl alcohol, it gave large, deep red, trans- 
parent prisms (1-3 g.), m. p. 192° (Found: C, 56-4; H, 6-2. C,.H,,N,I requires C, 56-9; H, 
6-4%). It produced orange shades on acetate silk. 

2-m-Dimethylaminostyrylquinoline methiodide. A solution of m-dimethylaminobenzaldehyde 
(2-7 g.), quinaldine methiodide (5-3 g.), and piperidine (0-5 c.c.) in alcohol (50 c.c.) was refluxed 
on the water-bath; a deep purple colour developed immediately and after 5 hours a black 
crystalline solid was deposited. This was recrystallised from methyl alcohol, and the dye 
obtained (2 g.) in clusters of minute purple or black prisms, m. p. 261° (Found: C, 57-25; H, 

, 48; CooHs:N,I requires C, 57:7; H, 5-0%). It dyed silk a pale mauve-pink shade. 
2-m-Dimethylaminostyrylthiazole methiodide. A mixture of m-dimethylaminobenzaldehyde 
(2-5 g.), 2-methylthiazole methiodide (4 g.; 1-1 mols.), and piperidine (0-6 c.c.) in alcohol 
(60 c.c.) was refluxed for 4 hours, a portion of the alcohol distilled off, and the mixture cooled. 
The crystals deposited were recrystallised from methyl alcohol and obtained (1-1 g.) as small, 
bright red prisms, m. p. 218° (Found: C, 44:1; H, 44 C,,H,,N,IS requires C, 45-1; H, 
46%). The compound gave golden-yellow shades on acetate silk. 
2-m-Dimethylaminostyrylbenzthiazole methiodide was prepared in 21% yield by the method 
described for the previous compound and recrystallised from boiling water and then from 
methyl alcohol, from which long purple-brown prisms were deposited, m. p. 205° (Found: C, 
50-25 H, 4-9. C,,H,,N,IS requires C, 51:1; H, 4.5%). It gave beige shades on acetate silk. 

2-m-Diethylaminostyrylbenzthiazole methiodide. The product obtained by heating m-di- 
ethylaminobenzaldehyde and 2-methylbenzthiazole methiodide in alcoholic solution for 6 hours 
deposited a considerable amount of dark red tarry material. The supernatant liquor was 
poured off and concentrated. The crystals deposited were recrystallised from methyl alcohol, 
and the required compound obtained in small brown prisms, m. p. 188° (Found: C, 53-1; H, 
4-8. C,.H,,N,IS requires C, 53-3; H, 5-1%). 


The authors are indebted to the Chemical Society for a grant. 
UNIVERSITY COLLEGE, EXETER. [Received, September 15th, 1939.) 
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10. Steroids and Related Compounds. Part V. Steroid 
Diosphenols. 


By V. A. PETRow and W. W. STARLING. 


Isomeric enolic forms of steroid diosphenols («-diketones) are theoretically possible. 
By various methods we have now obtained from A‘-cholestene-3 : 4-diol (V; R = H) 
two distinct modifications (forms A and B) of the unsaturated diosphenol A5-cholestene- 
3:4-dione. The labile form A has been characterised as the diketo-modification (I), 
and form B as the stable mono-enol form (III). In the case of the saturated diosphenol 
cholestane-3 : 4-dione, also obtained from the unsaturated diol (V), only one form 
was found to exist, probably representing the stable mono-enol modification (IX). 


ALTHOUGH steroid a-diketones are to be expected on theoretical grounds to react like 
diosphenols and to.exist in isomeric enolic forms, the existence of such forms has so far 
been demonstrated only in the case of the saturated cholestane-2 : 3-dione (Stiller and 
Rosenheim, J., 1938, 353). Starting from A®-cholestene-3 : 4-diol (V; R = H), we have 
now obtained by different methods two diosphenols, A5-cholestene-3 : 4-dione and cholestane- 
3 : 4-dione, of which only the former was found to exist in two distinct forms (A and B). 
Form A is labile and easily convertible into the stable form B, the reaction being non- 
reversible. This unsaturated diosphenol differs therefore characteristically from the 
saturated diosphenol cholestane-2 : 3-dione, the two enolic forms of which are intercon- 
vertible (Stiller and Rosenheim, Joc. cit.). . 

A5-Cholestene-3 : 4-dione, form A (I), m. p. 136°, is obtained by means of the following 
series of reactions: cis-A5-Cholestene-3 : 4-diol dibromide (IV; R = H) (Rosenheim and 
Starling, J., 1937, 377) is oxidised with chromic acid at room temperature, and the oxidation 
product debrominated with sodium iodide. As a diosphenol the reaction product forms 
a phenolic potassium salt, which is easily isolated owing to its insolubility in 20% aqueous 
potassium hydroxide and in ether. The diosphenol is liberated from its potassium salt 
by acetic acid, and its constitution as A5-cholestene-3 : 4-dione established by the following 
evidence: The substance gives a purple coloration with ferric chloride and is further 
characterised as an «-diketone by its ready reaction in alcoholic solution with o-phenylene- 
diamine to yield a quinoxaline derivative. On oxidation with hydrogen peroxide the 
unsaturated dicarboxylic acid C,,H,,0, (Diels’s acid), m. p. 290°, is obtained. The mono- 
2 : 4-dinitrophenylhydrazone, m. p. 255°, is obtained by treatment of form A with Brady’s 
reagent. Further, as a diosphenol, the substance can exist in the mono-enol modification 
and yields a mono-acetate, which must be formulated as 4-acetoxy-A‘‘ ®-cholestadien-3- 
one (II), since it is identical with the substance of this constitution which is obtained by 


debromination of 4:5: 6-tribromocholestan-3-one with potassium acetate (Inhoffen, ° 


Ber., 1936, 69, 1702). 

Form B of A®-cholestene-3 : 4-dione (III), m. p. 160°, is obtained either by warming 
an acetic acid solution of form A with mineral acid or by hydrolysis of the above-described 
enol-acetate. An alternative and somewhat simpler route leads in excellent yield from 
the 3: 4-diol (V; R =H) directly to form B. Mild oxidation of 3-acetoxy-A®-cholesten- 
4-ol (V; R= Ac) with chromic acid at room temperature gives a neutral compound, 
Cy9H,,0,, m. p. 174°, which we formulate as 3-acetoxycholestan-4-one-5 : 6-oxide (VI; 
R= Ac). The function of the newly introduced oxygen atom as a “ C;., oxide” is in 
accord with the saturated nature of the compound, with the absence of hydroxylic groups 
(negative Zerewitinoff determination), and with the transparency of the compound to 
ultra-violet light. Oxidation of 3-benzoyloxy-A®-cholesten-4-ol (V; R = Bz) under the 
same conditions as described for the monoacetate gives the corresponding 3-benzoyl- 
oxycholestan-4-one-5 : 6-oxide (VI; R= Bz), Cy,H,.O,, m. p. 186°. The simultaneous 
formation of an oxide ring on the ethylenic linkage of an «$-unsaturated steroid alcohol 
on oxidation has also been observed in Part III (Petrow, J., 1939, 998). Form B of 
the unsaturated diosphenol is obtained from the oxide either by heating with acetic acid 
and sodium acetate or by hydrolysis with hydrochloric acid in benzene-alcoholic solution, 
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the reaction evidently involving opening of the oxide ring, followed by loss of two mole- 
cules of water and intramolecular rearrangement. 

Form B shows an intense ultra-violet abserption at 3200 A., and yields the same mono- 
2 : 4-dinitrophenylhydrazone, m. p. 255°, as form A on treatment with Brady’s reagent. 
The potassium salt is obtained on shaking an ethereal solution of the diosphenol with 
20° potassium hydroxide solution; form B is regenerated on treatment with acetic acid. 
On oxidation with hydrogen peroxide it yields the known 7-keto-“ Diels’s acid ’’ (Windaus, 
Ber., 1908, 41, 614; Butenandt et al., Ber., 1936, 69, 2289). Form B of the diosphenol 
is evidently identical with the substance obtained by debromination of 4: 4’ : 5 : 6-tetra- 
bromocholestan-3-one (Butenandt and Schramm, Joc. cit.) and previously described by 
Inhoffen (loc. cit.). 


PS 


(VIL.) (VIII.) 


The two forms of the unsaturated diosphenol show characteristic differences in their 
behaviour towards o-phenylenediamine and on acetylation, which enable a decision to 
be made as to their constitutional formule. Both forms yield the same quinoxaline 
derivative, m. p. 175°, but whereas form A reacts with o-phenylenediamine on simple 
warming of the components in alcoholic solution, form B fails to react under these con- 
ditions and requires fusion at 135° of the dry mixture of the components. On acetylation 
form A easily yields the enol-acetate (II), but form B fails to give an acetate on treatment 
with acetic anhydride (with or without sodium acetate) (cf. Inhoffen, Joc. cit.). Further, 
the two forms yield different enolicepotassium salts, which on treatment with acetic acid 
regenerate the forms A and B respectively. This behaviour justifies the formulation of 
form A as the diketo-modification (I), its enol-acetate as (II), and form B as A?‘ 5-chole- 
stadien-3-ol-4-one (III), one of the possible mono-enol isomerides of (I). 

The saturated diosphenol, cholestane-3 : 4-dione, is obtained in excellent yield from 
the monoacetate of the unsaturated 3: 4-diol (V; R = Ac) by the following series of 
reactions: Treatment of (V; R= Ac) in chloroform solution with bromine-acetic acid 
gives the dibromide (IV; R = Ac), m. p. 115°, which passes on oxidation with chromic 
acid at room temperature, followed by debromination of the intermediate product with 
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sodium iodide, into 3-acetoxy-A®-cholesten-4-one (VII), CogH,g03, m. p. 124°. This keto- 
acetate readily enolises on heating with acetic anhydride-sodium acetate to yield the enol- 
diacetate, 3 : 4-diacetoxy-A** *-cholestadiene, C,,H,,0,, m. p. 128°. The constitution 
(VII) assigned to the monoacetate is in conformity with its ultra-violet absorption spectrum 
which shows a band at 2800 A. characteristic of «f-unsaturated ketones. The unsaturated 
keto-alcohol, liberated on acid or alkaline hydrolysis from its acetate, is unstable and passes 
smoothly into the saturated diketone, cholestane-3 : 4-dione, m. p. 150° (VIII), or (IX). 
We have been unable to obtain an isomeric form of the saturated diosphenol by the 
methods successful in the case of the unsaturated analogue and of cholestane-2 : 3-dione 
(Rosenheim and Stiller, Joc. cit.). Regeneration from the phenolic potassium salt by 
acetic acid, and alkaline hydrolysis of its enol-acetate or of (VII), yield the same product, 
m. p. 150°. This fact suggests that only one of the carbonyl groups, presumably the one 
at C,, is able to undergo enolisation and that the diosphenol exists in the stable enolic form, 
A*-cholesten-4-ol-3-one (IX), only. This conclusion is in agreement with the failure of 
the substance to react with o-phenylenediamine in alcoholic solution, fusion of the com- 
ponents at 120° being necessary for the formation of the quinoxaline derivative. 
The diosphenol was characterised by a quinoxaline derivative, m. p. 209°, a mono- 
2 : 4-dinitrophenylhydrazone, m. p. 252°, and by a mono-enol acetate, m. p. 103°. On 
oxidation with alkaline hydrogen peroxide it passed into cholestane-C, || C,-diacid (dihydro- 
Diels’s acid), characterised by preparation of the dimethyl ester. Cholestane-3 : 4-dione 
has previously been obtained in small yield by debromination of 2 : 4-dibromocholestan- 
3-one with potassium benzoate (Inhoffen, Ber., 1937, 70, 1695) or with potassium acetate 
(Butenandt et al., Ber., 1936, 69, 2779; no experimental details given). 
Incidentally some unusual reactions of the above described oxide (VI) may be briefly 
recorded. On treatment with acetic anhydride in the presence of sodium acetate the 
enol-acetate (II) is obtained in excellent yield, a reaction which may be 
explained by assuming that after the initial opening of the oxide ring 
(~ either a migration of the acetyl group from C, to C, (cf. Inhoffen, Ber., 
ROl 4 1937, 70, 1695) or an allylic rearrangement has occurred. Alkaline 
a-~ hydrolysis of (VI) leads to the formation of a dimeric product, C,H ,,0,, 
i m. p. 240°, characterised by a mono-2 : 4-dinitrophenylhydrazone, m. Pp. 
: x \ 248°. This compound has been assigned the constitution of a A?*5- 
O. cholestadien-3-ol-4-onyl-6 : 6’-(A* * *’-cholestadien-4'-ol-3'-one) (X; R = H) 
on the following evidence : (a) the compound contains two active hydro- 
(X.) gen atoms, shown both by a Zerewitinoff determination and by the 
preparation of a diacetate (X; R= Ac), C,gH,.O,, m. p. 206°, and 
(6) molecular-weight determinations of the substance and its diacetate prove them to be 
dimerides. . 
EXPERIMENTAL. 


Microanalyses were made by Dr. G. Weiler and Dr. F. B. Strauss. All the rotations were 
measured in chloroform solution ina 4dm.tube. Melting points are corrected. 

A5-Cholestene-3 : 4-dione, Form A (I).—10G. of cis-A5-cholestene-3 : 4-diol dibromide (Rosen- 
heim and Starling, loc. cit.) in 60 ml. of benzene were shaken with 2-5 g. of chromic acid iti 
30 ml. of water and 60 ml. of acetic acid for 3 hours at room temperature. The benzene layer, 
after being washed twice with water, was treated with a solution of 5 g. of sodium iodide in 
40 ml. of alcohol. After 2 minutes the liberated iodine was washed out with 2n-sodium sulphite, 
ether added, and the acids extracted with 5% sodium carbonate solution. The benzene-ether 
layer was shaken strongly with 20% aqueous potassium hydroxide, and the separating funnel 
cooled in ice. The potassium salt of the diosphenol formed a mass of bright yellow crystals 
at the interface. The aqueous layer was run off, and the ethereal layer decanted from the 
potassium salt, which was twice washed by decantation with ether. The potassium salt was 
suspended in 200 ml. of ether, and 2n-acetic acid gradually added until two homogeneous layers 
were obtained. The ethereal layer was washed with water until neutral, dried over sodium 
sulphate, and the ether distilled off. Crystallisation of the residue from aqueous acetone 
(norit) gave faintly yellow, rectangular plates of A®-cholestene-3 : 4-dione, form A, m. p. 135— 
136° (Found: C, 79-8; H, 10-3. C,,H,,0,,4H,O requires C, 79-4; H, 10-4%), [a]? + 30-5°, 
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[oc]a2q1 + 41-3° (c, 1-156), os4g:/ap = 1-3. Yield, 1 g. The compound gave a yellow coloration 
with tetranitromethane in chloroform solution. 

The quinoxaline derivative was prepared by refluxing 50 mg. of diosphenol and 50 mg. of 
recrystallised o-phenylenediamine in 2 ml. of absolute alcohol for 14 hours. It (45 mg.) separated 
on cooling and formed plates from isopropyl alcohol, m. p. 175°, not depressed in admixture 
with the quinoxaline derivative of form B. 

The mono-2 : 4-dinitvophenylhydvazone was prepared by treating an alcoholic solution of 
the diosphenol with Brady’s reagent. It formed dark red micro-crystals from benzene-alcohol, 
m. p. 255° (Found: N, 9-9. C3,;H,,O,N, requires N, 9-7%), not depressed in admixture with 
the dinitrophenylhydrazone derivative of form B. 

4-Acetoxy-A*' *-cHolestadien-3-one (II) was prepared by treating 50 mg. of the diosphenol 
in 1 ml. of pyridine with 5 drops of acetic anhydride for 12 hours at room temperature. The 
product was treated with water, and the precipitate recrystallised from aqueous acetone; it 
formed prisms, m. p. 160—161° (Found: C, 78-9; H, 10-0. Calc. for C,.H,,O,: C, 79-0; 
H, 10-1%), [ai?” + 14-0°, [o:]}%5, + 17°4° (c, 1-100), a54g:/ap = 1:24. The substance melts to an 
anisotropic liquid which shows a bine colour on cooling, and does not depress the m. p. of an 
authentic specimen prepared from 4: 5 : 6-tribromocholestane (Inhoffen, loc. cit.). 

Oxidation of Form A to Diels’s Acid.—To a warm solution of 200 mg. of diosphenol in 20 ml. 
of absolute alcohol, 0-5 ml. of perhydrol was added dropwise, followed by 1-5 ml. of 10% aqueous 
potassium hydroxide. After standing overnight, the mixture was poured into water and ex- 
tracted with ether. The alkaline fraction was acidified and again extracted with ether. When 
this ethereal extract was washed free from alcohol, the acid (0-16 g.) separated and collected 
at the interface. On recrystallisation from glacial acetic acid and finally from methyl ethyl 
ketone, it was obtained in typical hemihedral crystals, m. p. 290°, not depressed by a sample 
of Diels’s acid prepared from cholesterol. 

cis-3-A cetoxy-A5-cholesten-4-ol (V; R = Ac).—A solution of 50 g. of cis-A5-cholestene- 
3 : 4-diol (Rosenheim and Starling, Joc. cit.) in 150 ml. of dry pyridine was treated with 13 ml. 
of redistilled acetic anhydride in 150 ml. of dry pyridine. After 12 hours at room temperature 
the solution was poured into 10% brine, and the precipitated solids collected and recrystallised 
from 100 ml. of alcohol. cis-3-Acetoxy-A5-cholesten-4-ol formed nacreous plates, m. p. 193— 
194° (Found: C, 781; H, 10-5. C,ygH,,O, requires C, 78-3; H, 10-9%), [a]#” — 64-5°, [a]?%, 
— 75-3° (c, 0-926), cs4g;/ap = 1-15. Yield, 37 g. 

3-A cetoxycholestan-4-one-5 : 6-oxide (VI; R = Ac).—20 G. of cis-3-acetoxy-A*-cholesten- 
4-ol in 500 ml. of benzene and 50 ml. of glacial acetic acid were shaken with 15 g. of chromic 
acid in 20 ml. of water and 200 ml. of glacial acetic acid for 6 hours at room temperature. The 
benzene layer was washed with water, with 2% sodium hydroxide solution, again with water, 
and dried over sodium sulphate. The benzene was removed in a vacuum, and the residue 
(19 g.) crystallised first from absolute alcohol and finally from spirit. 3-Acetoxycholestan-4- 
one-5 : 6-oxide formed needles, m. p. 173—174° (Found: C, 75-5; H, 9-8. C,.H,,O, requires 
C, 75-9; H, 10-1%), [a]#" + 3-8°, [o]3%, + 4:5° (c, 1-116), agsg,/ap = 1°18. Yield, 9-5 g. The 
compound did not show selective absorption in the ultra-violet region, and did not give a color- 
ation with tetranitromethane. The mother-liquors yielded a compound, m. p. 102—103°, 
which is being further investigated. 

3-Benzoyloxycholestan-4-one-5 : 6-oxide (VI; R = Bz).—This compound was prepared from 
cis-3-benzoyloxy-A‘-cholesten-4-ol (Rosenheim and Starling, loc. cit.) as described for the 
acetate (above). It formed, from benzene—alcohol (1:10), colourless needles which changed 
into prisms, m. Pp. 185—186° (Found: C, 78-2; H, 9-1. C,,H,,O, requires C, 78-4; H, 9-3%), 
[a] + 6-4°, [:]2%, + 9-3° (c, 1-186 in benzene; compound inactive in chloroform solution), 
5461 /ep = 14. 

A®-Cholestene-3 : 4-dione, Form B (III).—(a) A solution of 100 mg. of 3-acetoxycholestan- 
4-one-5 : 6-oxide in 2 ml. of glacial acetic acid containing 200 mg. of anhydrous sodium acetate 
was refluxed for 1 hour. The diosphenol crystallised on cooling. It was collected, washed 
with glacial acetic acid, and recrystallised from 3 ml. of alcohol. A®*-Cholestene-3 : 4-dione, 
form B, formed colourless needles, m. p. 162—163° (Found: C, 81-0; H, 10-4. Calc. for 
C,,H,,0,: C, 81-3; H, 10-6%), (a)? + 57-3°, [o]3%, + 85-4° (c, 0-726 in benzene), O54g,/ep = 1°5. 
Yield, 70 mg. The compound gave an intense orange-réd colour with tetranitromethane in 
chloroform solution, and a violet coloration with alcoholic ferric chloride. 

(b) 1 G. of 3-acetoxycholestan-4-one-5 : 6-oxide in 3-5 ml. of benzene and 30 ml. of alcohol 
was refluxed for 1 hour with 2 ml. of concentrated hydrochloric acid. The solvent was removed 
by an air current on the steam-bath until crystallisation commenced, the flask cooled in ice, 
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and the product collected and recrystallised from alcohol. Form B of the diosphenol formed 
needles, m. p. 162—163°, not depressed in admixture with a sample prepared by method (a). 
Yield, 0-5 g. 

(c) A warm solution of A®-cholestene-3 : 4-dione, form A, in glacial acetic acid was treated 
with a drop of concentrated hydrochloric acid. Form B of the diosphenol slowly crystallised ; 
it was identified by m. p. and mixed m. p. with a sample prepared by method (a). 

The mono-2 : 4-dinitrophenylhydrazone was prepared by refluxing an alcoholic solution 
of form B of the diosphenol with excess of Brady’s reagent for 3 hours on the steam-bath, and 
formed microprismatic needles, m. p. 255°, not depressed in admixture with the corresponding 
derivative from form A. 

The quinoxaline derivative was prepared by heating 200 mg. of diosphenol and 100 mg. of 
o-phenylenediamine in an oil-bath at 150° for 30 minutes with occasional stirring. The dark 
red melt was dissolved in 7 ml. of ethyl acetate; on standing overnight, the solution deposited 
slightly pink leaflets of the quinoxaline derivative, m. p. 175°, not depressed in admixture with 
the quinoxaline derivative of form A. 

cis-3-A cetoxy-A5-cholesten-4-ol Dibromide (IV; R = Ac).—A solution of 10 g. of cis-3- 
acetoxy-A5-cholesten-4-ol in 30 ml. of chloroform was treated with a solution of 1-4 ml. of 
bromine in 40 ml. of glacial acetic acid, the flask being cooled in running water. Absorption 
of bromine was accompanied by separation of the dibromide. After 5 minutes the solid 
crystalline mass was diluted with 100 ml. of glacial acetic acid, and the dibromide collected 
and, after washing with glacial acetic acid, dried over potassium hydroxide in a vacuum de- 
siccator. It was purified by dissolution in 30 ml. of chloroform and addition of 200 ml. of glacial 
acetic acid, and obtained in colourless needles, m. p. 115°, which decomposed on keeping. 
Yield, 9-7 g. 

3-A cetoxy-A5-cholesten-4-one (VII).—5 G. of the above dibromide in 70 ml. of benzene were 
shaken with a solution of 3-3 g. of chromic acid in 30 ml. of water and 70 ml. of glacial acetic 
acid for 6 hours at room temperature. The benzene layer was washed twice with 400 ml. of 
water and dried over sodium sulphate, and the product debrominated by refluxing with 50 ml. 
of a 10% solution of sodium iodide in alcohol for 10 minutes. The liberated iodine was removed 
by shaking with dilute aqueous sodium sulphite. The acidic fraction of the oxidation product 
was extracted by shaking with sodium hydroxide solution, the benzene layer washed and dried 
over sodium sulphate, and the solvent removed in a vacuum. The crystalline residue (2-5 g.) 
gave on crystallisation from alcohol long needles of 3-acetoxy-A5-cholesten-4-one, m. p. 123— 
124° (Found: C, 79:0; H, 10-7. C,9H,,O, requires C, 78-7; H, 10-56%), [a]?” — 76-7°, [«)]3% 
— 93-8° (c, 1-058), os4g;/ap = 1-22. 

3 : 4-Diacetoxy-A?‘ 5-cholestadiene.—500 Mg. of 3-acetoxy-A‘-cholesten-4-one in 5 ml. of 
acetic anhydride were refluxed for 1 hour with 500 mg. of anhydrous sodium acetate. The 
acetic anhydride was removed in a vacuum over potassium hydroxide. The residue was taken 
up in 85% spirit and, on leaving overnight, colourless crystals (400 mg.) were deposited, which 
were purified from methylalcohol. 3 : 4-Diacetoxy-A*‘5-cholestadiene formed clusters of needles, 
m. p. 128° (Found: C, 76-9; H, 9-9. C,,H,,O, requires C, 76-8; H, 10-0%). 

Cholestane-3 : 4-dione (IX).—(a) A boiling solution of 2 g. of 3-acetoxy-A®-cholesten-4-one 
in 50 ml. of spirit was treated with 5 ml. of concentrated hydrochloric acid, and the mixture 
refluxed for 15 minutes. The crystals deposited on cooling were collected and purified from 
spirit. Cholestane-3 : 4-dione formed fine needles; m. p. 149—150° (Found: C, 80-7; H, 
10-6. Calc. for C,,H,,O,: C, 80-9; H,11-0%), [a]}® + 79-7°, [o)i%. + 94-5° (c, 1-208), agi, /e = 
1-18. Yield, 1-6 g. A dilute alcoholic solution of the dione gave a violet coloration with ferric 
chloride. 

(b) 500 Mg. of 3-acetoxy-A5-cholesten-4-one in 10 ml. of benzene were treated with 8 ml. 
of sodium ethoxide solution (prepared from 2-5 g. of sodium and 70 ml. of ethyl alcohol). After 
3 minutes at room temperature the yellow-brown solution was poured into water, a little ether 
added, the non-aqueous layer washed until neutral and dried over sodium sulphate, and the 
solvent removed in a current of air. The crystalline residue was taken up in ether, and sufficient 
methyl alcohol added to the filtered solution to produce a turbidity. On standing overnight, 
clusters of needles of cholestane-3 : 4-dione were deposited, identical in m. p. and mixed m. p. 
with the product obtained by method (a). Yieid, 280 mg. 

The quinoxaline derivative, obtained by heating a powdered mixture of equal parts of 
cholestane-3 : 4-dione and o-phenylenediamine for 45 minutes at 102—103°, and extracting 
the melt with hot alcohol, formed colourless plates from chloroform-alcohol, m. p. 208—209° 
(Found: N, 6-1. Calc. for C,s5H,,N,: N, 59%). 
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The mono-2 : 4-dinitrophenylhydrazone, obtained by treating an alcoholic solution of chole- 
stane-3 : 4-dione with Brady’s reagent, formed a dark red, microcrystalline precipitate from 
benzene—alcohol, m. p. 252—253° (Found: N, 9-4. C,,;H,,0,N, requires N, 9-4%). 

The enol-acetate was prepared by refluxing 500 mg. of cholestane-3 : 4-dione with 5 ml. of 
acetic anhydride containing 100 mg. of fused sodium acetate for 30 minutes. The acetic 
anhydride was removed in a vacuum, and the crystalline residue taken up in 4 ml. of hot 85% 
spirit. The enol-acetate was deposited as clusters of needles on cooling, which were re- 
crystallised once more, m. p. 102—103° (Found: C, 78-6; H, 9-9. Calc. for C,H,,O,: C, 
79-0; H, 10-1%), («J + 92-5°, [x}}f, + 100-5° (c, 1-310), cgyg:/ap = 1-2. Yield, 356 mg. 

Oxidation of Cholestane-3 : 4-dione to Cholestane-C,||C,-diacid.—To a boiling solution of 500 
mg. of cholestane-3 : 4-dione in 50 ml. of alcohol were added 3 ml. of perhydrol in 6 ml. of 10% 
potassium hydroxide solution in three portions at 15-minute intervals, and the mixture refluxed 


. for a further 30 minutes. Water was added to the cooled solution, and the neutral material 


extracted with ether. The alkaline fraction was acidified with mineral acid, and the liberated 
acids extracted with ether. The ethereal solution was washed and dried, and the ether removed. 
Addition of 5 ml. of ethyl acetate to the residue precipitated cholestane-C, ||C,-diacid (dihydro- 
Diels’s acid) as microscopic hexagonal plates (130 mg.), which were recrystallised from glacial 
acetic acid; m. p. 247—-248° (Found: C, 74-4; H, 10-3. Calc. for C,,H,,O,: C, 74-6; H, 
10-7%). 

The dimethyl ester, prepared by treating an ethereal solution of the acid with diazomethane, 
crystallised from methyl alcohol in long thin prisms, m. p. 126—127°, not depressed in admixture 
with an authentic specimen. 

4-Acetoxy-A‘‘*-cholestadien-3-one from 3-Acetoxycholestan-4-one-5 : 6-oxide—100 Mg. of 
the oxide in 1-1 ml. of acetic anhydride were refluxed with 100 mg. of anhydrous sodium 
acetate for 1 hour. On cooling, crystals were deposited, which were collected and purified 
from spirit. 4-Acetoxy-A‘‘*-cholestadien-3-one formed large rhombic plates, m. p. 161—162° 
(Found : C, 79-1; H,9-9. Calc. for C,,H,,O,: C, 79-0; H, 10-1%), not depressed in admixture 
with an authentic specimen (see above). 

A?‘ 5-Cholestadien-3-ol-4-onyl-6 : 6'-(A* ‘ *-cholestadien-4'-ol-3’-one) (X; R=H).—To a 
solution of 1 g. of 3-acetoxycholestan-4-one-5 : 6-oxide in 10 ml. of ether and 10 ml. of alcohol 
were added 2-5 ml. of n-sodium ethoxide. After 1 minute the resulting yellow viscous solution 
was acidified (Congo-red) with n-hydrochloric acid. The colourless precipitated material was 
collected, washed with alcohol and water, and crystallised from ethyl acetate. A**5-Chole- 
stadien-3-ol-4-onyl-6 : 6'-(A* * *-cholestadien-4'-ol-3’-one) formed white needles, m. p. 239—240° 
(Found: C, 81-6; H, 10-6; M, Rast, 725. C,,H,,O, requires C, 81:3; H, 106%; M, 796), 
[o}2” + 23-7°, [cc}3%q, + 3O0-1° (c, 1-12), cgsg,/ep = 1-27. Active hydrogen (Zerewitinoff) 1-96. 
The ultra-violet absorption spectrum showed maxima at 2750 a., log ¢ 3-9, and 3100 a. log « 3-8. 

The mono-2 : 4-dinitrophenylhydrazone formed prismatic needles from benzene-alcohol, 
m. p. 248° (decomp.) (Found: C, 74:1; H, 9-4; N, 5-8. C,.H,,0,N, requires C, 73-7; H, 9-1; 
N, 5:7%). 

The diacetate was prepared by refluxing 0-48 g. of the alcohol with 10 ml. of acetic anhydride 
for lhour. On cooling, rosettes of needles were deposited, which were recrystallised from chloro- 
form—methyl alcohol; m. p. 205—206° (Found: C, 78-6; H, 9-7; M, Rast, 845. C,,H,,O, 
requires C, 79-0; H, 101%; M, 880), [a]}” — 52-4°, [a}3%, — 60-8° (c, 1-036), cgsg,/ap = 1°16. 
On hydrolysis the original substance, m. p. 238—239°, was obtained. 


The authors are indebted to Dr. O. Rosenheim, F.R.S., for his helpful criticises, and advice. 
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Petrow: The Preparation of A***-Cholestadien-3(B)-ol. 


11. The Preparation of A***-Cholestadien-3(8)-ol. 
By VLADIMIR A. PETROW. 


A study of A‘**-cholestadien-3(8)-ol (II) has been undertaken in order to deter- 
mine whether, in view of the mobility of the related 7: 8-dehydrocholesterol ring 
system, it is converted into vitamin D, on irradiation with ultra-violet light. 


THE preparation of (II) has been claimed by Dane and Wang (Z. physiol. Chem., 1937, 
248, 1; cf. Petrow, J., 1937, 1077), who obtained it by, debromination of cholesterol 
dibromide, but it appears from the results described below that their product was largely 
contaminated with cholesterol. The desired A**®-cholestadien-3(f)-ol has now been pre- 
pared essentially pure by the following unambiguous route (cf. Giintzel, Ber., 1925, 58, 
1317) : A**®-Cholestadien-3-one (Dane, Wang, and Schulte, Z. physiol. Chem., 1936, 245, 


(L.) ‘ XY vy (II.) 
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80) (I) was reduced in tsopropyl-alcoholic solution with the Meerwein—Ponndorf reagent. 
A portion of product on repeated crystallisation yielded the addition complex, m. p. 113°, 
of (II) and its epimeride (cf. Schoenheimer and Evans, J. Biol. Chem., 1936, 114, 567), 
which was found to contain equimolecular amounts of both isomerides by a digitonin 
estimation. The main bulk of the reduction product was treated with digitonin. The 
digitonide was partitioned in pyridine-ether (Schoenheimer and Dam, Z. physiol. Chem., 
1933, 215, 59) and yielded A**®-cholestadien-3(8)-ol (II), m. p. 127° (Dane and Wang, loc. 
cit., give m. p. 115—121°), characterised by a digitonide, m. p. 224—227°, and an acetate, 
m. p. 79°. The compound gives a positive reaction with -nitrobenzenediazonium chloride 
in acetic acid (Fieser and Campbell, J. Amer. Chem. Soc., 1938, 60, 159), and intense blue 
colours with arsenic and antimony trichlorides, trichloroacetic acid, chloral hydrate, and 
the mercury reagent (Rosenheim and Callow, Biochem. J., 1931, 25, 74). The Tortelli- 
Jaffé bromine colour reaction slowly develops on standing (cf. Westphal, Ber., 1939, 72, 
1246). 

The constitution assigned to (II) is based on the following evidence: (a) the presence 
of a conjugated system of double bonds spread over two rings follows from the ultra- 
violet absorption spectrum, which shows a band at 2390 a., £}%,. = 563, and (5) the com- 
pound undergoes facile oxidation with the Oppenauer reagent (Rec. Trav. chim., 1937, 56, 
137) to give the original ketone (I), characterised by the 2 : 4-dinitrophenylhydrazone, m. p. 
232°. This reaction is shown only by af-unsaturated ketones, and it indicates that 
reduction of the carbonyl group of (I) has not been accompanied by a migration of the 
unsaturated linkages (cf. reduction of ergosterone; Heilbron, Kennedy, Spring, and 
Swain, J., 1938, 869; Windaus and Buchholz, Ber., 1939, 72, 597). Catalytic hydrogen- 
ation of 3(8)-acetoxy-A**®-cholestadiene yielded cholestanyl acetate. The irradiation of 
A**6_cholestadien-3(8)-ol (II) and of its acetate with ultra-violet light has been examined 
in collaboration with Mr. F. A. Robinson, M.Sc., F.I.C., and Glaxo Laboratories Ltd., 
but the products did not show vitamin-D activity. 


EXPERIMENTAL. 


Reduction of A***-Cholestadien-3-one (I)—A solution of 20 g. of A***-cholestadien-3-one 
(Dane, Wang, and Schulte, Joc. cit.) and 20 g. of aluminium isopropoxide in 350 ml. of isopropyl 
alcohol was slowly distilled for 10 hours. The residue was taken up in 1500 ml. of ether, and 
5% potassium hydroxide solution added with shaking until two homogeneous layers had been 
obtained. The ethereal layer was washed with water and dried over sodium sulphate, and 
the ether removed in a vacuum. The pale yellow residue was crystallised from aqueous 
acetone, yielding 11-5 g. 

Addition Complex.—A portion of the reduction product was repeatedly crystallised from 
aqueous acetone and yielded the addition complex of (I1) and its epimeride, m. p. 113° (Found : 
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C, 84:1; H, 11-3. C,,H,,O requires C, 84-4; H, 11-4%). For the digitonin estimation 105 mg. 
of the addition complex were treated with 400 mg. of digitonin in 15 ml. of spirit, and the 
mixture refluxed for 15 minutes. After standing overnight, the digitonide was collected, 
washed with dry ether, and dried at 100°. Yield, 220 mg., corresponding to 51% of the 
p-epimeride. 

A***-Cholestadien-3(8)-ol (II).—9 G. of the reduction product in 900 ml. of absolute alcohol 
were treated with 15 g. of digitonin in 1000 ml. of 95% alcohol, and the mixture refluxed for a 
few minutes. After standing overnight at 0°, the precipitated digitonide was collected, 
thoroughly washed with dry ether, and dissolved in 300 ml. of warm pyridine, and a large 
bulk of dry ether added. After removal of the precipitated digitonin the ethereal filtrate was 
washed with water and dried over sodium sulphate, and the solvent removed in a vacuum at 
65°. The solid residue on crystallisation from aqueous acetone yielded fine needles of A*‘*- 
cholestadien-3(8)-ol, m. p. 126—127°, [a]?” — 38-0°, [c]2%, — 38-0° (c, 0-954 in chloroform; /, 4), 
%sa¢1/4p = 1:00. The compound did not react with either selenium dioxide or mercuric acetate 
in boiling alcohol. It was very unstable to acids. Dane and Wang (loc. cit.) have described 
the m-dinitrobenzoate, m. p. 194°, but attempts to repeat the preparation were not successful. 
The m. p. given by these authors corresponds to that of cholesteryl m-dinitrobenzoate. 

3(8)-A cetoxy-A***-cholestadiene.—This was prepared by treating 300 mg. of the alcohol in 
5 ml. of pyridine with 2-5 ml. of redistilled acetic anhydride for 12 hours at room temperature. 
The product was poured into water and extracted with ether. The ethereal solution was 
washed with water and dried over sodium sulphate, and the ether removed ina vacuum. The 
residue on crystallisation from acetone—methy]l alcohol yielded clusters of needles of 3(8)-acetoxy- 
A***-cholestadiene, m. p. 78—79° (Found: C, 81-5; H, 10-8. C,,H,,O, requires C, 81-6; H, 
109%), [aJ%° — 71-6°, [c]3%, — 61-2° (c, 0-960 in chloroform; 1, 4), as4g,/ap 0-835. Yield, 
200 mg. The ultra-violet absorption spectrum in absolute alcohol showed a broad band at 
2390 a., Ej%,, = 615. 

The acetate (200 mg.) was hydrogenated by shaking in glacial acetic acid solution, in the 
presence of hydrogen, with 200 mg. of palladium-charcoal. The product, isolated in the usual 
way, yielded cholestanyl acetate (30 mg.) on crystallisation from aqueous alcohol, m. p. 109°, 
not depressed in-admixture with an authentic specimen. | 

Oppenauer Oxidation.—50 Mg. of A***-cholestadien-3(8)-ol in 1 ml. of acetone and 3 ml. of 
benzene were refluxed for 12 hours with 100 mg. of aluminium /ert.-butoxide. Benzene (4 ml.) 
was added, and the solution washed with 2n-sulphuric acid, with water until neutral, and 
dried over sodium sulphate. The benzene was distilled off in a vacuum, and the residual oil 
taken into solution with 50 mg. of 2: 4-dinitrophenylhydrazine in 5 ml. of alcohol. On 
addition of one drop of concentrated hydrochloric acid to the boiling solution, the 2 : 4-dinitro- 
phenylhydrazone of A***-cholestadien-3-one was precipitated (70 mg.). On purification from 
chloroform—alcohol it formed dark red needles, m. p. 231—232° (Found: N, 10-2. C,,H,,O,N, 
requires N, 10-0%), not depressed in admixture with a sample prepared from authentic 
A**¢-cholestadien-3-one (Dane, Wang, and Schulte, loc. cit.). 

The “ epi-fraction ” of the reduction product was obtained from the alcoholic filtrate of the 
digitonide (above) by removal of the solvent in a vacuum at a slightly raised temperature. It 
formed a yellow oil, from which a crystalline product could not be isolated. As the ultra- 
violet absorption spectrum in cyclohexane showed a band at 2740 a., E}%, = 157, and a sub- 
sidiary band at 2380 a., E}%,, = 130, dehydration had apparently occurred in the course of its 
isolation with the formation of a cholestatriene. 


The author is indebted to Dr. F. H. Carr, C.B.E., and the British Drug Houses Ltd. 
for assistance with the digitonin separation, and to Miss B. E. Stern, B.Sc., (Glaxo Laboratories 
Ltd.) for the ultra-violet absorption data. Acknowledgment is made for grants from the 
Royal Society and the Chemical Society. 


QuEEN Mary Cot.eces, Lonpon, E. 1. [Received, October 9th, 1939.] 
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12. Addition of Hydrogen Bromide to Non-terminal Double Bonds. 
The isoPropylidene Group. Crotonic Acid. 


By D. C. Grimsuaw, J. B. Guy, and J. C. Smit. 


The effect of oxygen or of peroxides in reversing the normal addition of hydrogen 


bromide, well established in the case of terminal double bonds (CH,:CH-CH,: > 


CH,Br-CH,’CH,:), has been detected also in olefins with sufficiently polar non- 
HB: 
terminal double bonds (CMe,:CH: —> CHMe,’‘CHBr-); but where there is con- 


jugation with a carbonyl group as in crotonic acid, no reversal is observed. The 
stability of the isopropylidene group is discussed. 2-Methylnonadecoic acid and 
2-methylnonadecanol have been synthesised. 


It was shown by Abraham, Mowat, and Smith (J., 1937, 948) that additions of hydrogen 
bromide to the system CH,°CH:CHR gave a 50/50 mixture of the two bromides and that 
the composition was uninfluenced by the presence of oxygen or peroxides. The absence 
of a peroxide effect was attributed to the approximate equality of activation of both 
unsaturated carbon atoms by m-alkyl groups of whatever chain length. These views 
have since been confirmed by Kharasch, Walling, and Mayo (J. Amer. Chem. Soc., 1939, 
61, 1559). 

It was thought, however, that in a system (CMe,:CH-[CH,],°) containing the iso- 
propylidene group there should be sufficient polarity in the double bond for the mani- 
festation of a peroxide effect. Owing to the use of unsuitable conditions the effect was 
not at first detected (Chem. and Ind., 1938, 16, 466), but during the last year (Thesis, 
J. B. Guy, Oxford, June, 1939) quite definite results have been obtained with 2-methyl-A?- 
nonadecene, CMe,:CH-[CH,],;"Me. This olefin by the normal addition of hydrogen 
bromide gives 2-bromo-2-methylnonadecane, CMe,Br-[CH,],,°*Me, identical with the bromide 
made from dimethylheptadecylcarbinol. In presence of peroxides addition of hydrogen 
bromide yields a product much more stable to heat than the tertiary bromide. That 
this must be the 3-bromo-isomeride is shown by its non-identity with 1-bromo-2-methyl- 
nonadecane, which was prepared by the malonic ester synthesis from pure heptadecyl 
iodide : 

C,,H3;1 —> C,,H;,°CH(CO,Et), —> C,,H;,;°CMe(CO,Et), —> C,,H;,;*CHMe-CO,H —> 
C,,H;;*CHMe-CH,-OH —> C,,H,,;-CHMe-CH,Br 


Since the completion of our investigation Walling, Kharasch, and Mayo (J. Amer. 
Chem. Soc., 1939, 61, 1711, 2693) have shown that 2-bromo-A?-butene, CHMe:CMeBr, and 
trimethylethylene (Michael and Weiner, J. Org. Chem., 1939, 4, 531) also yield “‘ abnormal ” 
addition products. It is well established, therefore, that non-terminal, as well as terminal 
double bonds can show the peroxide effect. 

Crotonic acid provides an interesting special case because the double bond is part of 


+ o Ee 
a katio-enoid system, CH,—CH=CH—C=0. The «a-carbon atom’ does not acquire 
\OH 

electrons and consequently should not be liable to attack by bromine atoms with the 
formation of «-bromobutyric acid ( ‘“‘abnormal”’ addition of hydrogen bromide). Even 
under the most favourable peroxidic conditions the addition of hydrogen bromide gave 
only §-bromobutyric acid (compare Walling, Kharasch, and Mayo, loc. cit., p. 2696). 

An important point in the use of 2-methyl-A®-nonadecene as an example of an olefin 
with a non-terminal double bond was the possibility of a tautomeric change, 


either on standing or under the conditions of the reaction. The dehydration product of 
dimethylheptadecylcarbinol appeared from oxidation to be largely, if not entirely, in 














of 
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the A®-(isopropylidene) form. Evidence from the addition reactions supported this: if 
the isopropenyl form had been present, its terminal double bond would certainly have 
reacted with hydrogen bromide in presence of peroxides to yield 1-bromo-2-methyl- 
nonadecane : 


CH,:CMe-[CH,],_"Me ——-> CH,Br-CHMe-[CH,},_"Me 


In the naturally occurring terpenes where the same constitutional question arises (for 
references, see Kuhn and Roth, Ber., 1932, 65, 1285; Bradfield, Penfold, and Simonsen, 
J., 1935, 311) it has been concluded by Dupont (Bull. Soc. chim., 1937, 4, 2016) from 
Raman spectra that most of the liquid terpenes are B-(sopropylidene) forms. Citronellal, 
however, contains a small proportion of the «-(tsopropenyl) form. 


EXPERIMENTAL. 


Addition of Hydrogen Bromide to Crotonic Acid.—To solutions of crotonic acid (10—20 g.) 
in pure benzene (200 c.c.), benzoyl peroxide or perbenzoic acid or ascaridole (2—5 mols.) was 
added. Hydrogen bromide with or without oxygen was passed for several hours, and the 
mixtures left for 1—10 days at room temperature. After the solvent had been removed, 
the products were distilled : in every case the b. p. (121°/16 mm.) and the m. p.’s (14° to 18-5°) 
agreed with those of §-bromobutyric acid given in the literature (b. p. 120°/16 mm., m. p. 
17—18°). Addition of hydrogen bromide in absence of oxygen gave 8-bromobutyric acid, 
m. p. 18—19°. It was obvious from the high yields and the m. p.’s that in no case could more 
than a trace of a-bromobutyric acid (b. p. 108°/16 mm., m. p. — 4°; Lespieau, Compt. rend., 
1904, 139, 739) have been present. 

In an early attempt to find a series of compounds containing the isopropylidene group and 
with relatively large depressions of m. p. it was thought that 13-methyl-A!*-tetradecenoic acid, 
CMe,:CH-[CH,],.°CO,H, would be a suitable olefin, but the necessary hydroxy-acid proved 
too difficult to prepare, the Grignard reagent attacking both the keto- and the ester group 
of 13-ketotetradecoic ester. 

13-Ketotetyadecoic Acid.—Ethyl 11-bromoundecoate (Ashton, Robinson, and Smith, J., 
1936, 284) was converted into ethyl a-acetylbrassylate (G. M. Robinson, J., 1934, 1544). The 
main fraction (b. p. 184—186°/0-4 mm.), hydrolysed with aqueous alcoholic potassium hydr- 
oxide, yielded the required acid, m. p. 75° (hydrolysis with acid was unsatisfactory). The 
ethyl ester had b. p. 153°/0-5 mm. and m. p. 36°. 

13-Methyl-13-hydroxytetradecoic Acid.—Methylmagnesium iodide, from magnesium (1-6 g.) 
and methyl iodide (4-1 c.c.) in ether (30 c.c.), was added with stirring to 13-ketotetradecoic 
ester in ether (10 c.c.). The product, after hydrolysis with alcoholic potassium hydroxide, 
melted at 41—59° and contained both neutral and acidic products. From the solution in 
ether 1% potassium hydroxide solution extracted a mixture of acids, b. p. 173—179°/0-4 mm., 
m. p. 52—54°, M 248. Mixed with a little 13-ketotetradecoic acid, it melted at 59° and was 
obviously a mixture of the keto-acid with the desired 13-methyl-13-hydroxytetradecoic acid. 
After heating with semicarbazide acetate, followed by extraction with light petroleum, the 
mixture yielded the hydroxy-acid, m. p. 61° (depressed by admixture with the keto-acid to 46°) 
(Found: C, 70-2; H, 11-4. C,,;H, 90, requires C, 69-8; H, 11-6%). The overall yield was 

r. 

2-Methyl-A*-nonadecene.—Dimethylheptadecylcarbinol was prepared by the method of 
Ryan and Dillon (Proc. Roy. Irish Acad., 1912, 29, B, 235) from methyl stearate (f. p. 37-6°), 
but it was found advantageous to use 4 mols. of methylmagnesium iodide to 1 of ester and 
to reflux the mixture for 4 hours. The carbinol, crystallised from light petroleum, melted at 
45-5° (yield, 85%). 

‘Heated with twice its weight of anhydrous oxalic acid at 180—200° for 1 hour, the carbinol 
gave an 80% yield of olefin, b. p. 212—215°/25 mm., f. p. 12-5°, iodine value (Hanu8) 89-6 
(calc., 90-1). Messer (Chem. News, 1929, 138, 292) gives m. p. 11—12°. Fractional distillation, 
recrystallisation, or chromatographic adsorption failed to change the m. p. The olefin reacted 
extremely slowly with aqueous permanganate. 

Ozonolysis. The olefin (5 g.) in dry carbon tetrachloride (250 c.c.) was subjected to a stream 
of ozone and oxygen for 10 hours at 0—5°. After the reaction mixture had been left for 
24 hours in the open flask and the solvent then evaporated, the product melted at 58°. After 
three crystallisations from light petroleum it melted at 61°, or at 61—62° when mixed with 
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pure margaric acid, m. p. 62° (in a capillary tube). In another experiment the olefin (5 g.) 
in carbon tetrachloride was ozonised for 10 hours, the issuing gas being passed through a trap 
of ice-water; evaporation of the carbon tetrachloride gave a residue, m. p. 35—-38°. When 
this crude ozonide was decomposed with water, and the total yield of acetone estimated (Good- 
win, J. Amer. Chem. Soc., 1920, 42, 39), only 0-55 g. (50—55%) of the calculated amount was 
found, but there was some loss in dealing with the carbon tetrachloride solution. The non- 
volatile product (4-5 g.) melted at 49° and readily gave acid, m. p. 58°, on recrystallisation from 
light petroleum. Combined yields of the acid were crystallised from alcohol, acetone and 
benzene until the m. p. (thermometer in the liquid) reached 60-8° (Found: C, 75-6; H, 12-5; 
M, 271. Calc. for C;,H,,O,: C, 75-6; H, 12-6%; M, 270). Owing to the difficulty of identi- 
fying long-chain compounds by the ordinary methods of m. p.’s in capillary tubes the identity 
of the acid with margaric acid was proved as follows: (a) The acid, m. p. 60-8°, with an equal 
amount of synthetic margaric acid, m. p. 61-6°, gave a mixture, m. p. 60-9° (thermometer in 
the liquid). (b) To 0-463 g. of the acid, palmitic acid (0-471 g., m. p. 62-6°) was added; the 
ozonolysis product being assumed to be pure margaric acid, the mixture should contain 48-3 
mols. of margaric acid and from the mixed m. p. curve (Smith, J., 1936, 625) should melt at 
57-0°; found, 56-8°. (c) To 0-464 g. of the acid, stearic acid (0-469 g., m. p. 69-4°) was added; 
the mixture should have contained 51-0 mols. % of margaric acid and melted at 62-3°; found, 
62-2°. 

2-Bromo-2-methylnonadecane.—Dry hydrogen bromide was passed through dimethylhepta- 
decylcarbinol (10 g.) at 120° for 4 hours; the product melted at 19° (Found: Br, 21-5. C, .H,,Br 
requires Br, 22-1%). Asecond preparation from the carbinol (5-0 g.) and phosphorus tribromide 
(2 c.c.) at 20—30° also gave a product, m. p. 19°. This tertiary bromide could not be distilled 
at 0:1 mm. without decomposition. Two crystallisations from hexane at — 25° gave a colour- 
less product, m. p. 19-5° (thermometer in the liquid) (Found: Br, 22-0%). 

Addition of Hydrogen Bromide.—(A) The olefin (5 g.) was mixed with acetic acid (150 c.c.), 
and dry hydrogen bromide passed for 2 hours. After 2 days a solid, m. p. 16°, appeared on the 
surface. The solid was returned, and the mixture left with hydrogen bromide for a further 
10 days. The product had m. p. 17° and iodine value 16 (Found: Br, 20-8. Calc.: Br, 22-1%). 

(B) A solution of the olefin (4 g.) in propionic acid with a trace of ferric chloride was kept 
saturated with hydrogen bromide. After 10 days the mixture separated into two liquids. 
Water was then added; the solid product, isolated with ether, had m. p. 18-2° (Found: 
Br, 21-6%). 

(C) To a solution of the olefin in benzene (150 c.c.), perbenzoic acid (5 mols. %, in benzene) 
was added. The mixture was saturated with hydrogen bromide containing oxygen and left 
for 2 weeks, and the solvent then removed at 40° in a vacuum. The product melted at 2-7° 
and had iodine value 0-0 [Found: Br, 19-1% (benzoic acid was present)]. The m. p. of the 
product was depressed to 1-6° on addition of the tertiary bromide (m. p. 18-5°, 4 mols.) and 
to 1-7° when a total of 9 mols. was present. 

(D) To a solution of the olefin (5 g.) in benzene (150 c.c.), ascaridole (5 mols. %; see 
Kharasch and Mayo, J. Amer. Chem. Soc., 1933, 55, 2468; Henry and Paget, J., 1921, 119, 
1714) was added, and hydrogen bromide passed in presence of air. After 19 days the product 
had m. p. 3-1° (Found: Br, 18-1%). 

(E) The olefin (8 g.), ascaridole (2 mols. %), benzene (100 c.c.), hydrogen bromide, and 
air for 21 days gave a product which after distillation at 0-1 mm. had m. p. 4-2° and iodine 
value 2-0. (It was not possible to distil the tertiary bromide.) 

Synthesis of 1-Bromo-2-methylnonadecane.—Heptadecyl iodide. An especially pure specimen 
of heptadecyl alcohol (f. p. 53-8°) was available (Carey and Smith, J., 1933, 1350). The alcohol 
(17 g.), iodine (14 g.), and red phosphorus (1-0 g.), heated to 120° and then at 160° for 1 hour, 
gave 23-2 g. (96% yield) of colourless iodide, f. p. 33-9°. 

Ethyl heptadecylmalonate. To powdered sodium (2-0 g.), benzene (120 c.c.) and ethyl 
malonate (20 g.) were added, and the mixture refluxed for 5 hours. Heptadecyl iodide (23-2 g.) 
in toluene (100 c.c.) was then added, and the mixture refluxed for 40 hours. The solution, 
after having been washed with dilute acetic acid and with water, gave 24-1 g. (92% yield) of 
distillate, b. p. 198—202°/0-4 mm., m. p. 20° (transparent form), 32—33° (opaque). It was 
not further purified. 

Ethyl methylheptadecylmalonate. A mixture of powdered sodium (1-6 g.), toluene (100 c.c.), 
and ethyl heptadecylmalonate (24 g.), heated for 1 hour at 90°, gave a clear solution. Addition 
of methyl iodide produced an immediate precipitate of sodium iodide, in which some of the 
sodio-derivative was adsorbed. After having been refluxed for 1 day with occasional additions 
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of methyl iodide, the liquid was neutral, but the suspended solid reacted alkaline; a further 
4 days’ refluxing with methyl] iodide failed to produce a neutral reaction of the solid. When 
the product was poured into water, a few drops of dilute acetic acid rendered the mixture 
acid. After having been washed with water, the mixture was dried and evaporated. A 
portion of the residue after distillation (195—197°/0-5 mm.) melted at 11° (transparent form) 
and 25° (opaque) (Found: C, 73-3; H, 11-7. C,,H,,O, requires C, 72-8; H, 11-7%). 

Methyltheptadecylmalonic acid. The crude ester, hydrolysed with a solution of potassium 
hydroxide (25 g.) in water (15 c.c.) and alcohol (100 c.c.), yielded the acid, m. p. 97—98°; after 
two crystallisations from benzene this melted at 100—101° (Found: C, 70-8; H, 11-3. C,,H,,O, 
requires C, 70-8; H, 112%). 

2-Methylnonadecoic acid. After having been heated for 1 hour at 180—210° in a vacuum, 
the crude dicarboxylic acid ceased to evolve carbon dioxide. On distillation it left a dark residue 
(2 g.) and gave 15-7 g. of acid, b. p. 190—195°/0-2 mm., m. p. 55—56°. This represents an 
overall yield of 79% calculated on the heptadecyl iodide. After redistillation and then two 
crystallisations from benzene-light petroleum there remained 12 g., m. p. 57-5° (in a capillary 
tube), f. p. 56-4° (thermometer in the liquid) (Found: C, 76-9; H, 12-9; M, by titration of 1 g., 
312, 313. Cy oH, O, requires C, 76-9; H, 12-8%; M, 312). The crystals collect in plates and 
are similar to those of pure stearic acid. Morgan and Holmes (J. Soc. Chem. Ind., 1927, 46, 
1521) state that the a-methy] acids are white micro-crystalline powders. 

2-Methylnonadecan-l-ol. Ethyl 2-methylnonadecoate (10-8 g., b. p. 170°/0-12 mm.) in dry 
ethyl alcohol (30 c.c.), reduced with molten sodium (4-5 g.), yielded 7-1 g. of the alcohol, m. p. 
39°, b. p. 167°/0-2 mm. Similarly 7-7 g. of ester gave 5-1 g. (75% yield) of the alcohol, m. p. 
39—40°. This product is of course a racemic mixture, and in some of its physical properties 
behaves as would a 50/50 mixture; it sets to a tough semi-transparent mass which changes 
only slowly to the opaque form. Two crystallisations from methyl alcohol gave very fine 
needles, which were freed from solvent at 70° in a vacuum; the f. p. was then 40-1° (Found : 
C, 80-3; H, 14:3. C,.H,,O requires C, 80-5; H, 141%). 

1-Bromo-2-methylnonadecane. The alcohol reacted slowly with hydrogen bromide at 130— 
150°, and at higher temperatures darkening occurred; under these conditions isomerisation 
seemed likely. 

The action of phosphorus tribromide on the alcohol in presence of pyridine (Juvala, Ber., 
1930, 68, 1989; Ruzicka and Firmenich, Helv. Chim. Acta, 1939, 22, 392) with or without solvent 
gave rise to much phosphorus ester, from which it was not possible to isolate the pure bromide. 
When phosphorus pentabromide was used, the amount of ester formed was small and readily 
eliminated; the reaction occurred at a low temperature and there was no evidence of isomeric 
change of the bromide (compare Faworsky, Amnalen, 1907, 354, 325). 

The powdered alcohol (2-0 g.) and phosphorus pentabromide (4-5 g.; 1-5 mols.) were mixed 
at 0°. No reaction occurred until the mixture was allowed to warm slightly; the mass slowly 
liquefied and was kept well shaken at 0—10° for 1 hour. It was then dissolved in ether, and 
ice added; the solution was extracted with ice-water and then with 4% potassium bicarbonate 
solution. The ethereal layer was filtered from the potassium salt of the phosphoric ester, 
again washed with cold bicarbonate solution, then with water, and dried. Removal of the 
ether in a vacuum left 2-1 g. of a light yellow oil, f. p. 13°. A second preparation had f. p. 13-5°. 
After two crystallisations from hexane at — 35° the bromide had f. p. 14-0° and m. p.’s 14-1° 
and 16-5° (thermometer in the liquid) (Found: C, 66-9; H, 11-4; Br, 22-0. C,,H,,Br requires 
C, 66-5; H, 11-4; Br, 22-1%). 

Mixtures of 1- and 2-Bromo-2-methylnonadecane.—The mixtures were not sharp-melting 
and the following approximate values are recorded : 


1-Bromo-compound, mols. % 67 50 33 20 0 
Bs Dag Mi. cccesenjnysiboncce poo and oegpak tee 12-2° 11-0° 9-8° 10-0° — 
tepis de. saben: Eptiieeespcoen ese qmatancs ° 14-3° 13-4° 12-5° 16-0° 19-4° 


Tue Dyson PEerRINS LABORATORY, OXFORD UNIVERSITY. [Received, November 7th, 1939.} 
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13. Salt H ydrates and Deuterates. Part II. Correlation of Heats 
of Dissociation and Structure. 


By JAMES BELL. 


Heats of dissociation of a number of salt hydrates and deuterates, calculated from 
dissociation-pressure measurements, show that the work required to remove 
deuterium oxide molecules from a deuterate is greater than that required for the 
removal of the water molecules from the corresponding hydrate. This may be 
regarded as further evidence that the water in a normal hydrate is bound by ordinary 
covalent or van der Waals forces and not by special resonance linkages such as hydrogen 
bonds. 

The effect of the hydrogen bond in oxalic acid dihydrate is illustrated by a study 
of the dissociation pressures of H,C,O,,2H,O and D,C,0,,2D,0, that of the latter 
being the greater. The heats of dissociation of the hydrate and deuterate are in this 
case almost identical, indicating a weakening of the hydrogen bond on the introduc- 
tion of deuterium. 

The isotope effect is also illustrated by the greater molecular volume of 
D,C,0,,2D,0; in the salt hydrates a contraction of molecular volume takes place on 
replacement of the H,O by D,O. 

Determination of the molecular volumes of KH,PO, and KD,PO, again illustrates 
the presence of the hydrogen bond. 

It is suggested that expansion of the molecular volume on the substitution of 
hydrogen by deuterium may indicate the presence of hydrogen bonds, but the 
converse is not necessarily true. 


In Part I (J., 1937, 457) it was shown that differences occur in the ratios of the 
dissociation pressures of certain salt deuterates to those of the corresponding hydrates. 
Further hydrates and deuterates have since been examined, and the heat relationships 
for the dissociation processes calculated. The results of the present measurements are 


summarised in Table I, in which are included the hydrates NiSO,,7H,O, ZnSO,,7H,0, 
and KF,2H,0, for which comparable results were not available. 


TABLE I. 
Dissociation pressures (in mm. Hg). 


Temp. 20°. 25°. ‘ ; , Temp. 
NiSO,,7D,0 116 17-7 —- CuCl,,2D,0 
NiSO,,7H,O 148 20-7 27-9 BaCl,,2D,0 
CoSO,,7D,0 — 137 198 286 . KF,2D,0 
ZnSO,,7D,0 — 13-0 199 29-7 KF,2H,O 
ZnSQ,,7H,O — 15-3 22-4 32-2 


The relationship connecting vapour pressure and temperature is of the form log p = 
A — B/T, and Table II gives the values of A and B for all salts so far examined, 
together with those of the heat of dissociation, L, obtained by multiplying the coefficient 
B by 4-575 (Miles and Menzies, J. Amer. Chem. Soc., 1938, 60, 87). For some of the 
hydrates, the measurements reported by other workers have been used. 


TABLE II. 
A. B. L, kg.-cals. 

Hyd. Deut. Hyd. ‘ Hyd. Deut. 
COMO TD coda. con ckesioseesce . 11-02 2948 13-49 13-93 
Na S04 10,0 — RRA ONS ROES: . 10-97 12-01 13-38 
COMO THO iscccsccccsccssccuss AO 12-57 13-57 
MgSC, THO inch edntshawien . . 14:14 15-7 
AR TIED csspesinen'badsosansans . . 13-54 15-09 
Wg TER crcccvcsscscccsicense ° : 12-48 15-15 
GR IIED ccivicndccodaceabocwes . . 11-14 12-22 
COC), GHqO 22. cccccccccccoccveccees ° . 13-05 14-76 
Ne Cie) ccccccccccccccccsscescse . . 12-53 15-75 
BED cescriesss sesiecn esheets . . 12-02 12-44 
GREED sovecccvencsdsivevecvese . . 12-84 14-4 
FREE EAD isc osc coe sen caverscccecs . ‘ 13-86 14-17 


IE cesta 2eeatsnineiaascac'=i, am ; 13-91 16-08 
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Ubbelohde (Trans. Faraday Soc., 1936, 82, 525) has shown that the effect of the 
substitution of deuterium for hydrogen is dependent on the nature of the linkage 
involved, and has discussed the effect for ionic and covalent linkages. In ionic 
compounds such as lithium hydride where hydrogen is present as a negative ion com- 
paratively large contractions of the lattice dimensions are found on substituting 
deuterium for hydrogen (Zintl and Harder, Z. physikal. Chem., 1935, B, 28, 478). In 
covalent compounds the most important effect is believed to arise from a change in the 
minimum distance of approach of the molecules (van der Waals’s 6). The normal effect 
expected when only van der Waals and Coulomb forces are operative is again a con- 
traction of the lattice. 

If, therefore, the water molecules in a salt hydrate are considered as bound by 
covalent or van der Waals forces, the effect of replacing the water by deuterium oxide 
will normally be a contraction of the crystal lattice spacings, and consequently the 
removal of the deuterium oxide molecules will require a larger amount of work. The 
values for the heat of dissociation, L, shown in Table II indicate clearly that such an 
increase in the work of removal is found. This increase is greater than can be accounted 
for by the difference in the heats of vaporisation of water and deuterium oxide, which is 
about 0-3 kg.-cal. for the temperature range of these experiments. The extent of the 
increase varies but it is not yet possible to connect this variation with any particular 
effect. 

While this work was in progress, Robertson and Ubbelohde (Nature, 1937, 139, 504) 
described the results of a preliminary X-ray examination of deutero-oxalic acid 
dideuterate, D,C,0,,2D,0. Its structure showed an expansion of certain spacings when 
compared with that of oxalic acid dihydrate, the expansion reaching a maximum near 
the direction of the hydrogen bond connecting a water molecule to a carbonyl oxygen 
atom. This effect was tentatively explained by assuming that the resonance associated 
with the hydrogen bond would be less complete in the deuterium compound. 

Hence an examination of the dissociation pressures of D,C,0,,2D,0 and H,C,0,,2H,O 
seemed of particular interest in connection with the results already obtained for the salt 
hydrates. Measurements of these pressures (in mm. Hg) have therefore been made over 
a range of temperature as follows : 


Temp. 25-0°. 30-3°. 35-0°. 39-5°. 40-3°. 
eS panne 4-7 6-8 9-0 9-9 
H,C,04,.2H,O ....ccccecccseeeee 28 4:3 6-3 8-4 9-1 


These results differ from all others in this work in that the dissociation pressure of 
the deuterated acid is greater than that of the hydrated acid, the mean value for 
pv,ol/Pu,o being 1-09. The dissociation pressure-temperature relationships are expressed 
by the equations 

D,C,0,,2D,0 : log = 10-27 — 2910/T 
H,C,0,,2H,O : log = 10-45 — 2983/T 


and the heats of dissociation, calculated as before, are found to be 13-3 and 13-6 kg.-cals. 
respectively, showing that the work of removal of D,O is in this case slightly less than 
that of H,O. A second set of independent observations gave values of 13-25 and 13-5 
kg.-cals. 

Huggins (J. Org. Chem., 1936, 1, 407) considers that the deuterium bond should be 
stronger than the hydrogen bond, but the above result can be suitably explained by 
assuming a weakening of the bond on replacement of the hydrogen by deuterium, as was 
suggested by the work of Robertson and Ubbelohde which has since been extended (Proc. 
Roy. Soc., 1939, A, 170, 222). It appeared possible that the expansion effect which they 
noticed might be more simply illustrated by comparison of the molecular volumes of 
D,C,0,,2D,0 and H,C,0,,2H,O. The densities of these two acids were therefore deter- 
mined by flotation and the molecular volume of the former has been found to be about 
2% greater than that of the ordinary acid, providing unequivocal evidence of an 
expansion effect. 

Density measurements were extended to other compounds, and a similar but smaller 
expansion was found in comparing the molecular volumes of KD,PO, and KH,POQ,, so 
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the presence of hydrogen bonds, as suggested by Bernal and Megaw (Proc. Roy. Soc., 
1935, A, 151, 382), is again associated with the greater molecular volume of the deuterium 
compound. 

The values for the molecular volumes (V) are shown in Table III, along with the 
results of similar measurements made on certain salt hydrates and deuterates. The 
density measurements reported in this table are, in all cases, the mean values of several 
determinations on different samples. It will be seen that the molecular volumes in most 
cases showed the expected small contraction on the replacement of the water by 
deuterium oxide, although in others this appears to be too small to be detected. 


TABLE III. 


V. Diff., %. 
H,C,0,,2H,O ; 76-4 
DiccoraD, ass ieay +28 


soa} +14 


109- 
loot —%7 
i ble 622\ _1 
SEBO TAD oscscrecdas 61-1 
Such measurements of molecular volumes appear to constitute a simple method of 
detecting the presence of hydrogen bonds which lead to a small expansion of molecular 
volume on the replacement of the hydrogen by deuterium, whereas the normal effect is a 
small contraction. It must be emphasised that the method cannot be regarded as 
infallible, for an expansion due to the isotope effect in a hydrogen bond might be offset 
by a contraction of certain dimensions elsewhere in the molecule, but it is suggested that 
the method will be of use in the selection of suitable compounds for further examination 
by other methods. In this connection an example of particular interest is furnished by 
acetaldehyde and paraldehyde. The molecular volumes, calculated from the density 
measurements of Zanetti and Sickling (J. Amer. Chem. Soc., 1936, 58, 2034), show a small 
contraction of 0-4% for CD,*CDO as compared with CH,°-CHO, but for the polymerised 
compounds the effect is in the opposite direction, the molecular volume of (CD,*CDO), 
being about 0-5% greater than that of (CH,-CHO),. 
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14. The Constitution of Arabic Acid. Part III. The Isolation of 
Methyl Heptamethyl Aldobionate from Methylated Degraded Arabic Acid. 


By J. Jackson and F. Situ. 


Degraded arabic acid, obtained from arabic acid by autohydrolysis, is composed 
of units of glucuronic acid and galactose all of which have the pyranose structure. 
An examination of the cleavage products of methylated degraded arabic acid has 
shown that the repeating unit of this degraded polysaccharide acid probably consists 
of a chain of galactose residues to which are attached three side chains each of which 
is terminated by a residue of glucuronic acid. The present work shows that graded 
hydrolysis of methylated degraded arabic acid gives a hexamethyl 6-B-glucuronosido- 
galactose (III), the constitution of which is proved by the fact that on boiling the 
corresponding methyl ester glycoside (IV) with methyl-alcoholic hydrogen chloride 
the methyl ester of 2 : 3: 4-trimethyl methylglucuronoside (V) and 2: 3: 4-trimethyl 
methylgalactoside (VII) are obtained. It is suggested, therefore, that each side 
chain is composed of a terminal or “‘ end ”’ residue of glucuronic acid which is linked 
through at least one galactose unit with the main galactose chain as shown in (II). 
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It was shown by Challinor, Haworth, and Hirst (J., 1931, 258) that the aldobionic acid 
obtained from arabic acid by hydrolysis is composed of a unit of glucuronic acid linked 
through its reducing group with position 6 of a galactose residue. This formulation was 
confirmed by Hotchkiss and Goebel (J. Amer. Chem. Soc., 1936, 58, 858) inasmuch as 
synthetic 6-8-glucuronosidogalactose proved to be identical with the aldobionic acid 
derived from arabic acid. 

Further information concerning the constitution of arabic acid was obtained when it 
was demonstrated that methylated degraded arabic acid gave on hydrolysis 2:3: 4: 6- 
tetramethyl galactose, 2 : 3 : 4-trimethyl galactose, 2 : 4-dimethyl galactose, and 2: 3 : 4- 
trimethyl glucuronic acid (Smith, J., 1939, 1724). It was pointed out that the identific- 
ation of the glucuronic acid as the 2:3: 4-trimethyl derivative demonstrated that the 
uronic acid must be present as terminal groups in the branched-chain structure of 
degraded arabic acid. It was not possible at that time to define more precisely the 
structure of these side chains, but it is clear that the glucuronic acid residues may be 
attached directly by a 1: 6-link to the main chain of galactose residues as in (I) or, 
alternatively, that one or more galactose units may be interposed between the terminal 
glucuronic acid residue and the main chain, as, for example, in formula (II), in which 
one galactose unit is interposed between the terminal uronic acid and the main chain of 
galactose units. In (II) the side chain aldobionic acid residue is joined to the main 
galactose chain by a 1: 6-link, but the possibility of the side chains being joined by a 
1 : 3-link must also be borne in mind. 


COH /—O—CH, 
H 


eye cal 


al 


(I,) 


A decision between the structures represented by (I) and (II) could be made if it were 
possible to isolate an aldobionic acid from methylated degraded arabic acid, and if it were 
possible also to ascertain the disposition of the methoxyl groups in the galactose moiety of 
this partially methylated aldobionic acid. Ifthe mode of linking present in degraded arabic 
acid is to be represented by (I), the galactose constituent of the aldobionic acid derived 
from it will be the 2 : 4-dimethyl derivative, whereas if (II) is the correct representation, 
the galactose residue will appear in the form of 2 : 3 : 4-trimethyl galactose. 

The object in view, namely, the isolation of a methylated aldobionic acid by the 
graded hydrolysis of methylated degraded arabic acid, has now been achieved and 
moreover the structure of this aldobionic acid has been established. When methylated 
degraded arabic acid is hydrolysed with cold 14Nn-sulphuric acid, a hexamethyl aldobionic 
acid is liberated; the experimental evidence outlined below shows that this product has 
the constitution represented by (III). The hexamethyl aldobionic acid was subjected to 
simultaneous esterification and or formation by the agency of cold acid methyl 


CO,Me 


Ee & 


MeO 
; 2 On OMe 


alcohol, thus forming the methyl ester glycoside (IV). The equivalent weight, methoxyl 
content, and boiling point of (IV) suggested that it was a methyl ester of a completely 
methylated aldobionic acid. When boiled with methyl-alcoholic hydrogen chloride, (IV) 
furnished an approximately equimolecular mixture of the methyl ester of the trimethyl 
methylglucuronoside (V) and the trimethyl methylgalactoside (VII). 
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After separation of these two substances the uronic acid fragment (V) was identified 
by its ready conversion into the characteristic crystalline amide of 2: 3: 4-trimethyl 
«-methylglucuronoside (VI), the structure of which is known (Smith, Joc. cit.). 

The trimethyl methylgalactoside (VII) gave on hydrolysis with dilute sulphuric acid 
the corresponding trimethyl sugar (VIII), which was identified as 2:3: 4-trimethyl 


rai NH. 


f pa | Cope ote 


bua oh tg 
al Vv.) (VII.) 


galactose since it afforded a crystalline anilide identical with an authentic specimen of 
2:3: 4-trimethyl galactose anilide (McCreath and Smith, J., 1939, 387). 

These facts indicate that the side chains in degraded arabic acid do not consist of a 
single unit of glucuronic acid as shown in (I), but rather that each side chain is composed 
of a terminal or “end” glucuronic acid group which is linked through at least one 
galactose residue with the main galactose chain as shown in (II). 


EXPERIMENTAL. 


Methylation of Degraded Avabic Acid.—The barium salt of degraded arabic acid was 
prepared from arabic acid by autohydrolysis (Part I; J., 1939, 744). Methylation of the 
barium salt (120 g.) was effected according to the directions given in Part II (J., 1939, 1724) 
and after six methylations the product (70 g.) had [a]}*’ — 51° in chloroform (c, 0-8); equiv. 
825 (Found: OMe, 39-7%). 

Simultaneous esterification and completion of the methylation of this methylated degraded 
arabic acid (63 g.) was effected by subjecting it to three treatments with silver oxide and 
methyl iodide, the product, after each Purdie methylation, being isolated by means of acetone 
(yield, 60 g.). The methyl ester of methylated degraded arabic acid was then purified by 
fractional precipitation as follows. The material was dissolved in chloroform (150 c.c.), and 
ether (150 c.c.) added. Into this solution light petroleum was slowly stirred until a con- 
venient amount of the methylated substance had been precipitated; the liquid was then 
decanted and treated with more light petroleum to give a second precipitate. In this manner 
six fractions were obtained and each one was dissolved in acetone and precipitated as a white 
powder by pouring the acetone solution into excess of light petroleum; the precipitate was 
separated on the centrifuge, washed with dry light petroleum, and dried. The properties of 
the fractions indicated that the methyl ester of methylated degraded arabic acid was 
essentially homogeneous. These fractions showed [a]}* — 56° in chloroform (c, 1-3), 72% 
0-035 in m-cresol (c, 0-4) (Found: OMe, 45-6%; equiv., 810). 

Hydrolysis of the Methyl Ester of Methylated Degraded Arabic Acid with 14n-Sulphuric Acid. 
—(a) A solution of the methyl ester of methylated degraded arabic acid (0-1 g.) in 14n- 
sulphuric acid underwent hydrolysis as shown by the change in rotation thus: [a], — 14° 
(20 mins.) ; + 6-5° (2$ hrs.); + 11-3° (15 hrs.); + 22-5° (19$ hrs.); + 49° (263 hrs.); + 63° 
(39 hrs.); + 83-5° (50 hrs.); + 94° (63 hrs.); + 103° (112 hrs.). This solution, when 
neutralised with sodium hydroxide, reduced Fehling’s solution actively. 

(6) A solution of the methyl ester of methylated degraded arabic acid (10-4 g.) in 14n- 
sulphuric acid (100 c.c.) was kept at room temperature for 51 hours. After the hydrolysis 
had proceeded for 18 hours 1 c.c. of the solution reacted with 3-74 c.c. of 0-05n-iodine in 
alkaline solution, corresponding to an apparent molecular weight of 1100; after 42 hours the 
apparent molecular weight was 675 and after 51 hours it was 570. The solution was then 
diluted to 500 c.c. with ice-water, neutralised with barium carbonate, treated with charcoal, 
filtered, and evaporated to dryness under diminished pressure. The material thus obtained 
(7-1 g.), consisting of a mixture of methylated sugars and the barium salts of methylated 
uronic acids, readily reduced Fehling’s solution. 

Separation of the Barium Salts of the Uvonic Acids and the Methylated Sugars.—To a 
solution of the mixture (7-1 g.) in methyl alcohol (15 c.c.), dry ether was added slowly with 
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stirring; the white flocculent precipitate thus produced was separated on the centrifuge, 
giving fraction I (3-45 g.). Addition of more ether until there was no further precipitate gave 
fraction II (0-445 g.). The mother-liquors were concentrated to a syrup, which was dissolved 
in methyl alcohol and treated with an excess of ether, whereby fraction III (0-608 g.) was 
precipitated. Fraction I reduced Fehling’s solution actively; it had equiv. 290 (from an 
estimation of the barium content), and an iodine number of 32, corresponding to M, 630. 
Removal of the solvent from the mother-liquors after fraction III had been removed gave a 
syrup (2-44 g.) consisting of a mixture of reducing methylated sugars. The constituents of 
this mixture are now under investigation. 

The three fractions of the barium salts were combined, dissolved in water, and treated 

with a slight excess of n-sulphuric acid; the barium sulphate was filtered off, and the 
solution neutralised with lead carbonate, filtered, and treated with hydrogen sulphide. The 
precipitate of lead sulphide was filtered off and the solution, containing the free organic acid, 
was evaporated to dryness under reduced pressure. The syrupy product thus obtained 
reacted acid to Congo paper. It was purified by extraction with chloroform (yield, 2-43 g.) 
equiv., 455). 
: Fractionation of the Partially Methylated Uvonic Acids.—To a solution of the syrupy 
methylated acids (2-43 g.) in ethyl alcohol, sufficient light petroleum was added to precipitate 
approximately half the material, giving fraction I (1-2 g.) (equiv., 560). Removal of the 
solvent from the mother-liquor gave fraction II (1-22 g.) (equiv., 415). Refractionation of 
fraction I by the same procedure gave a small insoluble fraction, which was rejected since it 
had a high equivalent weight; removal of the solvent gave fraction IB (1-08 g.) (equiv., 540). 
Fractionation of IB in the same way served to remove a small amount of material having a 
high equivalent weight, and evaporation of the solution then gave fraction ID (0-65 g.) 
(Found : OMe, 39-0%; equiv., 475). 

Similarly fraction II was separated into two portions by dissolving it in ethyl alcohol and 
adding light petroleum. Fraction IIA was precipitated (0-69 g.) (Found: OMe, 40-:1%; 
equiv., 430). Concentration of the solution gave fraction IIB (0-44 g.) (Found: OMe, 38-1% ; 
equiv., 365). In view of its low equivalent weight this fraction probably contained some 
partially methylated glucuronic acid. 

Simultaneous Esterification and Glycoside Formation.—A trial experiment was carried out 
in order to determine whether esterification and glycoside formation could be effected at room 
temperature without cleavage of the methylated aldobionic acid. Accordingly, a solution cf 
fraction IIB (0-4 g.) in 1% methyl-alcoholic hydrogen chloride (50 c.c.) was kept at room 
temperature until the rotation became constant. [a]}® + 32-5° (initial value); + 39-5° (38 
hrs.); + 46-2° (87 hrs.); + 47-5° (110 hrs.); + 47-5° (133 hrs., constant value). The 
solution was then neutralised with silver carbonate, filtered, and evaporated to dryness. The 
syrup thus obtained reacted neutral to litmus paper and did not reduce Fehling’s solution. 
On distillation it gave: Fraction (i) the methyl ester of 2 : 3 : 4-trimethyl methylglucuronoside 
(0-15 g.), b.p. (bath temp.) 120°/0-03 mm.; mi® 1-4490; [aji® + 78° in water (c, 1-0) 
(Found : OMe, 57:0%. Calc. for C,,H,,0,: OMe, 58-7%). Fraction (ii) methyl heptamethyl 
aldobionate (0-16 g.), b.p. (bath temp.) ca. 220°/0-03 mm., n}* 1-4670 (Found : OMe, 50-0% ; 
equiv., 450. Calc. for C,,H;,0,,: OMe, 53-0%; equiv., 468). These facts suggested that the 
required methylated aldobionic acid could be obtained by the application of the above 
procedure. 

Accordingly, each of the fractions LD (0-57 g.) and IIA (0-6 g.) containing the hexamethyl 
aldobionic acid (III) were dissolved in 1% methyl-alcoholic hydrogen chloride (50 c.c.), and 
the solutions kept at room temperature for 140 hours. The solution of fraction LD in methyl- 
alcoholic hydrogen chloride showed the following changes of specific rotation: [a«]}* + 12° 
(initial value); + 18-0° (19 hrs.); -+ 26° (44 hrs.); + 26-5° (68 hrs.); + 28° (140 hrs., 
constant value). The two solutions were then combined, neutralised with silver carbonate, 
filtered, and evaporated under diminished pressure; the syrup obtained (1-1 g.) was neutral 
to litmus and did not reduce Fehling’s solution (Found: OMe, 50-:2%). This product 
distilled, giving: Fraction (a) the methyl ester of 2:3: 4-trimethyl methylglucuronoside 
(0-34 g.), b.p. (bath temp.) 120°/0-03 mm., ni® 1-4490, [a]i® + 80° in water (c, 1-2) (Found : 
OMe, 57:0%). Fraction (b) the methyl ester of hexamethyl 6-8-glucuronosidomethylgal- 
actoside (0-5 g.), b.p. (bath temp.) 220°/0-03 mm., n}%° 1-4685—1-4690, [«]}* + 42° in water 
(c, 1-7) (Found: OMe, 52:0%; equiv., 470). This fraction was nucleated with a specimen of 
the 6-form of the methyl ester of hexamethyl 6-8-glucuronosidomethylgalactoside {m.p. 94°, 
[x]>" — 21° in water (c, 1-6)} (see Challinor, Haworth, and Hirst, Joc. cit.), but no crystallis- 
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ation took place; it would appear, therefore, that fraction (b) probably contains 
preponderance of the «-form of the glycoside. 

Hydrolysis of the Methyl Ester of Hexamethyl 6-B-Glucuronosidomethylgalactoside (IV).—A 
solution of fraction (b) (0-3 g.) in 3% methyl-alcoholic hydrogen chloride (20 c.c.) was boiled 
under reflux for 8 hours. The solution was then cooled, neutralised with silver carbonate, 
filtered, and evaporated under diminished pressure, giving a fairly mobile liquid (0-38 g.). A 
solution of this syrup (0-38 g.) in 0-3n-barium hydroxide (7 c.c.) was heated for 2 hours at 
60° in order to convert the methyl ester of 2:3: 4-trimethyl methylglucuronoside into its 
ether-insoluble barium salt. The excess of the barium hydroxide was then neutralised with 
carbon dioxide. The neutral solution was treated with a little charcoal, filtered, and 
evaporated to dryness under diminished pressure. The residue, consisting of a mixture of the 
barium salt of 2:3: 4-trimethyl methylglucuronoside and 2: 3: 4-trimethyl methylgalacto- 
pyranoside, was exhaustively extracted with boiling dry ether; concentration of the combined 
ethereal extracts gave 2:3: 4-trimethyl methylgalactopyranoside (VII) (0-15 g.) (Found: 
OMe, 50-8. Calc. for C,9>H,O,: OMe, 52-6%). The ether-insoluble residue consisting of the 
barium salt of 2 : 3: 4-trimethyl methylglucuronoside amounted to 0-23 g. 

Identification of the 2:3: 4-Trimethyl Methylgalactoside (VII).—A solution of the 2:3: 4- 
trimethyl methylgalactoside (0-13 g.) in N-sulphuric acid (5 c.c.) ([«]p + 135°) was heated for 
4 hours on the boiling water-bath; the specific rotation then became constant (+ 108°). The 
solution was neutralised with barium carbonate, filtered, and evaporated to dryness under 
diminished pressure. The pale yellow syrup thus obtained was purified by extraction with 
ether; it reduced Fehling’s solution on boiling (yield, 0-09 g.). To a solution of this syrup in 
ethyl alcohol (2 c.c.) was added freshly distilled aniline (0-04 g.; 1 mol.), and the mixture 
heated under reflux for 3 hours. On removal of the solvent the syrup readily crystallised, 
and after recrystallisation from ethyl alcohol-ether the anilide of 2: 3 : 4-trimethyl galactose 
had m.p. and mixed m.p. 166° (Found: C, 60-5; H, 7-7; OMe, 31-1; N, 4-9. Calc. for 
C,,H,;0,N : C, 60-6; H, 7-8; OMe, 31-3; N, 47%). 

Identification of the Methyl Ester of 2: 3: 4-Trimethyl Methylglucuronoside (V).—The barium 
salt of 2: 3: 4-trimethyl methylglucuronoside (0-23 g.) was boiled for 8 hours with 3% methyl- 
alcoholic hydrogen chloride (10 c.c.). The solution was cooled, neutralised with silver 
carbonate, filtered, and evaporated to dryness under diminished pressure. To avoid loss the 
ester was not distilled. After purification by extraction with ether, the methyl ester of 
2:3: 4trimethyl methylglucuronoside had [«]}% + 80° in water (c, 0-9) (Found: OMe, 57-0. 
Calc. for C,,H,,0,: OMe, 587%). On treating this methyl ester with methyl-alcoholic 
ammonia there was obtained in good yield the amide of 2:3: 4+trimethyl a-methylglucu- 
ronoside (VI), m.p. and mixed m.p. 183° (Found: C, 48-4; H, 7-8; OMe, 50-1; N, 5-65. 
Calc. for C,,H,,O,N : C, 48-2; H, 7-7; OMe, 49-8; N, 5-6%). 

The Amide of Hexamethyl 6-8-Glucuronosido-B-methylgalactopyranoside.—The methyl ester 
of hexamethyl 6-8$-glucuronosido-$-methylgalactoside prepared according to the directions of 
Challinor, Haworth, and Hirst (loc. cit.) had m.p. 94°, [a]? — 21° in water (c, 1-6) (after 
crystallisation from acetone-—light petroleum) (Found: C, 51-4; H, 7:9; OMe, 53-4; equiv., 
470. Calc. for C,5H,;,0,,: C, 51-2; H, 7-8; OMe, 53-0%; equiv., 468). Treatment of this 
ester with methyl-alcoholic ammonia gave the corresponding amide of hexamethyl 6-f- 
glucuronosido-8-methylgalactopyranoside, m. p. 196°, [a]? — 18° in water (c, 3-7) (after 
crystallisation from ethyl alcohol) (Found: C, 50-4; H, 7-8; OMe, 47-7; N, 3-2. C,,H;,0,,N 
requires C, 50:3; H, 7-8; OMe, 47-9; N, 3-1%). 
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15. The Constitution of Arabic Acid. Part IV. The Formation of 
3-Galactosidogalactose by Hydrolysis of Degraded Arabic Acid. 


By J. Jackson and F. Sirs. 


_- 


The cleavage fragments derived from methylated degraded arabic acid consist of 
2:3: 4-trimethyl glucuronic acid (3 molecular proportions), 2 : 3 : 4: 6-tetramethyl 
galactose (1 molecular proportion), 2: 3: 4-trimethyl galactose (5 molecular propor- 
tions) and 2: 4-dimethyl galactose (3 molecular proportions). The identification of 
2:4-dimethyl and 2:3: 4-trimethyl galactose shows that both the 1: 6- and the 
1 : 3-type of linkage are present in degraded arabic acid. Some of the galactose units 
are mutually joined by 1 : 6-links, and the formation of 3-galactosidogalactose (II) by 
prolonged autohydrolysis of degraded arabic acid has now proved that some of the 
galactose units are also joined by 1: 3-links. The structure (II) assigned to the 
galactose disaccharide follows from the fact that when treated with methyl sulphate 
and sodium hydroxide it gives octamethyl 3-galactosidogalactose (III). The latter, 
when boiled with methyl-alcoholic hydrogen chloride, furnishes 2: 3: 4: 6-tetra- 
methyl methylgalactoside (IV) and 2:4: 6-trimethyl methylgalactoside (V), the 


structures of which are proved. A tentative structure (I) is suggested for degraded 
arabic acid. 


S.-M de ei 


IT has been shown that the repeating unit of degraded arabic acid consists of twelve 
monosaccharide residues, nine of them being galactose units and three being glucuronic 
acid residues; all the residues have pyranose structures. The mode of linking of these 
twelve residues involves two types of glycosidic union, namely, 1 : 3- and 1 : 6-linkages. 
The repeating unit contains four terminal groups, one of galactose and three of glucuronic 
acid, The “end” galactose residue terminates a chain of galactose units to which are 
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attached three side chains each of which is terminated by a unit of glucuronic acid (Part 
II; J., 1939, 1724). 

In Part III (preceding paper) evidence was advanced that some at least of the side 
chains which are termiuated by glucuronic acid residues consist of aldobionic acid groups 
so constituted that the glucuronic acid unit is joined through its reducing group to 
position 6 of a galactose unit. If it be assumed, at this stage, that the whole of the acid 
constituent of degraded arabic acid is in this aldobionic acid form, it follows that the acid 
side chains account for six of the twelve monosaccharide residues in the repeating unit 
and the latter may be tentatively represented by (I). The symmetry of the distribution 
of the aldobionic acid side chains in (I) is arbitrary and represents the simplest interpret- 
ation of the experimental facts. There remain to be determined the positions of the 
glycosidic links represented in (I) by (a) and by (6). The three molecular proportions of 
2: 4-dimethyl galactose isolated from methylated degraded arabic acid (see Part II) can 
only arise from the galactose units represented by G in formula (I). Hence it follows 
that the linkages (a) and (b) must be either of the 1 : 3- or of the 1 : 6-type, although it 
cannot yet be said which of the two types of linkage is represented by (a) and which 
by (8). 

The three side chains of aldobionic acid account for 3 of the 5 molecular proportions 
of 2:3: 4-trimethyl galactose furnished by the methylated degraded arabic acid; it is 
clear, therefore, that the other two residues of 2 : 3 : 4-trimethyl galactose can only arise 
as a result of the mutual union of galactose units by 1 : 6-linkages. The existence of the 
1 : 3-type of linkage between galactose residues has now been established by the isolation 
of 3-galactosidogalactose in the form of its octamethyl derivative (II). This disaccharide 
was prepared by subjecting degraded arabic acid to prolonged autohydrolysis. The 
acidic and the non-acidic fragments were separated by utilising the fact that the barium 
salts of the acidic fragments are insoluble in aqueous alcohol and those of the non-acidic 
fragments are soluble. The non-acidic portion, composed of a mixture of reducing 
sugars, was methylated first with methyl sulphate and sodium hydroxide and then with 
Purdie’s reagents to complete the process. Fractional distillation of the product gave 
an octamethyl derivative of the galactose disaccharide (III), the structure of which was 
deduced from the following observations. On boiling the methylated disaccharide (III) 
with methyl-alcoholic hydrogen chloride an equimolecular mixture of the tetramethyl 
methylgalactoside (IV) and the trimethyl methylgalactoside (V) was obtained. 
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Hydrolysis of the tetramethyl methylgalactoside (IV) with dilute sulphuric acid gave 
the corresponding tetramethyl sugar (VI), which proved to be 2:3: 4: 6-tetramethyl 
galactose since on treatment with ethyl-alcoholic aniline it yielded the characteristic 
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crystalline anilide of 2:3:4:6-tetramethyl galactose. Similarly, hydrolysis of the 
trimethyl methylgalactoside (V) with dilute sulphuric acid removed the glycosidic methyl 
residue with the formation of the trimethyl sugar (VII). The latter was readily 
identified as 2: 4: 6-trimethyl galactose, since it afforded a crystalline anilide identical 
with that obtained from the 2: 4: 6-trimethyl galactose of Percival and Somerville (J., 
1937, 1615). 

Since the octamethyl 3-galactosidogalactose shows only a slight positive rotation, it may 
well be that the biose link is of the 8-type. 


EXPERIMENTAL. 


Autohydrolysis of Degraded Arabic Acid.—(a) A solution of degraded arabic acid (Smith, 
J., 1939, 744) (20 g.) in water (200 c.c.) was heated on the boiling water-bath; at suitable 
intervals a portion was withdrawn and cooled, and the iodine number and rotation determined. 
[For the determination of the iodine number, 1 c.c. of the solution was treated with 0-ln- 
iodine (15 c.c.) and nN-sodium hydroxide (4-5 c.c.) for 30 minutes at room temperature; the 
solution was then acidified with n-sulphuric acid (5-5 c.c.), and the excess of the iodine back- 
titrated with 0-1n-sodium thiosulphate. A blank experiment was carried out simultaneously 
and the number of c.c. of 0-1N-iodine equivalent to 1 g. of material was calculated.] The 
aqueous solution of the degraded arabic acid showed [a] — 8-0° (initial value); [a], + 0°, 
iodine number 13-4 (after 16 hrs.); + 3-0°, 18-5 (24 hrs.); + 6-3°, 27-5 (40 hrs.); + 7-6° (47 
hrs.); -+ 9-6°, 35 (62 hrs.); + 11°, 40 (71 hrs.); + 15°, 49 (93 hrs.). At this stage the 
solution had become brown and accurate polarimetric readings could not be taken and hence 
further autohydrolysis was followed only by the iodine values. Thus, after 118 hours the 
iodine number was 58; 59 (127 hrs.); 64 (141 hrs.); 71 (165 hrs.); 76-5 (189 hrs.); 82-5 
(213 hrs.); 93-5 (238 hrs.). These figures indicate that there is no arrest in the breakdown of 
the degraded arabic acid during autohydrolysis. 

(b) In a subsequent experiment a solution of degraded arabic acid (100 g.) in water (750 
c.c.) was heated on the boiling water-bath for 95 hours; the iodine number was then 54-4, 
corresponding to M, 365. The solution was neutralised with barium carbonate, filtered, 
concentrated to a small bulk, and poured with stirring into methyl alcohol. A few drops of 
an aqueous solution of calcium chloride were added in order to coagulate the barium salts of 
the uronic acids. The precipitate of barium salts was separated on the centrifuge (yield, 75 
g.) and the aqueous methyl-alcoholic solution was evaporated to dryness under diminished 
pressure. In this way there was obtained a non-crystalline residue (28 g.) consisting of a 
mixture of reducing sugars (Found : iodine number, ca. 65, corresponding to M, 307). 

Methylation of the Mixture of Sugars.—The mixture of sugars (14 g.) containing the 
3-galactosidogalactose (III) was dissolved in water (15 c.c.) and treated with methyl sulphate 
(120 c.c.) and a 30% aqueous solution of sodium hydroxide (360 c.c.) with vigorous stirring. 
The reagents were slowly added in one-tenth portions during 3 hours, three-tenths being 
added at room temperature; when the reducing power of the solution had disappeared, the | 
remaining seven-tenths were added at 45°. Small amounts of acetone were added from time 
to time to facilitate the process of methylation. The methylation was completed by heating 
for 15 minutes at 80°; the solution was then cooled and extracted six times with chloroform. 
The combined chloroform extracts were washed once with water, dried over anhydrous 
magnesium sulphate, filtered, and evaporated to dryness (yield of methylated sugars, 4-8 g.). 
The aqueous solution which had been extracted with chloroform and the water used for 
washing the chloroform extract were combined, cooled in ice, and almost neutralised with 
10n-sulphuric acid. The sodium sulphate was filtered off and the filtrate was concentrated 
under reduced pressure to a suitable bulk; the residue thus obtained, consisting of sodium 
sulphate and some incompletely methylated sugars, was remethylated at 45° during 90 
minutes, the same quantities of methyl sulphate and sodium hydroxide being used as in the 
first methylation. This methylation furnished 2-2 g. of methylated product. 

To effect complete methylation of the sugars, the combined methylated products (7-0 g.) 
were given three treatments with Purdie’s reagents. The product, isolated after each 
methylation by means of acetone, gave on distillation: Fraction I (2:3: 4: 6-tetramethyl 
methylgalactoside), 5-5 g., b. p. (bath temp.) 120°/0-04 mm., nl" 1-4440 (Found: OMe, 61-0. 
Cale. for C,,H,,0,: OMe, 61-9%). Fraction II, 0-28 g., b. p. (bath temp.) 150—205°/0-03 
mm., #}” 1-4490—1-4620. Fraction III (octamethyl 3-galactosidogalactose) (IV), 0-67 g., b. p. 

G 
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(bath temp.) 215—230°/0-03 mm., n}” 1-4660, [a]}?" ca. + 0-5° in water (c, 2-2) (Found: OMe, 
53-3. C. 9H,,0,, requires OMe, 54-6%). 

Hydrolysis of Octamethyl 3-Galactosidogalactose (IV).—The fully methylated 3-galactosido- 
galactose (0-65 g.) was boiled for 8 hours with 4% methyl-alcoholic hydrogen chloride (32 
c.c.). The solution was cooled, neutralised with silver carbonate, filtered, and evaporated to 
dryness under reduced pressure (yield, 0-67 g.). The syrupy mixture of methylated 
galactosides was distilled, giving: Fraction I (2:3: 4: 6-tetramethyl methylgalactoside) (V), 
0-3 g., b. p. (bath temp.) 110—120°/0-02 mm., nf" 1-4484—1-4510 (Found: OMe, 58-1. 
Calc. for C,,H,,0,: OMe, 619%). Fraction II (2:4: 6-trimethyl methylgalactoside) (VI), 
0-27 g., b. p. (bath temp.) 145—150°/0-02 mm., nl%* 1-4610—1-4630 (Found: OMe, 52:1. 
Calc. for CygH gO, : OMe, 52-6%). 

Identification of 2: 3:4: 6-Tetramethyl Galactose (VII).—A solution of fraction I (0-28 g.) 
in n-sulphuric acid (10 c.c.) was heated for 4 hours on the boiling water-bath. The solution 
was then neutralised with barium carbonate, filtered, and evaporated to dryness. The 
2:3:4: 6-tetramethyl galactose thus obtained was purified by extraction with ether (yield, 
0-21 g.). It showed [a]}® + 100° in water (c, 1-0) (Found: OMe, 50-6. Calc. for CygH,9O, : 
OMe, 52-6%). 

When the 2:3: 4: 6-tetramethyl galactose (0-1 g.) was boiled with ethyl alcohol con- 
taining aniline (0-06 g.) for 3 hours, the corresponding anilide was obtained; the excess of the 
solvent was removed and the 2: 3: 4: 6-tetramethyl galactose anilide (crystallised from ethyl 
alcohol-ether) had m. p. and mixed m. p. 192° (Found: OMe, 40-0; N, 4-6. Calc. for 
C,,H,,0,;N : OMe, 39-8; N, 4-5%). 

Identification of 2: 4: 6-Trimethyl Galactose (VIII).—A solution of fraction II (0-25 g.) in 
n-sulphuric acid (5 c.c.) was heated on the boiling water-bath for 5 hours. The solution was 
cooled, ‘neutralised with barium carbonate, filtered, and evaporated to dryness under 
diminished pressure, giving 2: 4: 6-trimethyl galactose as a syrup, which was purified by 
extraction with ether (yield, 0-19 g.) (Found: OMe, 41-0. Calc. for C,H,,0,: OMe, 419%). 

On boiling for 3 hours in ethyl alcohol (2 c.c.) containing aniline (0-08 g.), this syrupy 
2:4: 6-trimethyl galactose (0-15 g.) gave the corresponding anilide, which crystallised on 
removal of the excess of the solvent. After crystallisation from ethyl alcohol-ether the 
2:4: 6-trimethyl galactose anilide had m. p. 178° alone or in admixture with an authentic 
specimen supplied by Dr. E. G. V. Percival of Edinburgh University (Found: C, 60-7; H, 
7:7; OMe, 31-1; N, 4:8. Calc. for C,,H,,0;N : C, 60-6; H, 7-8; OMe, 31-3; N, 4-7%). 


The authors thank Professor W. N. Haworth for his interest in this work, and Imperial 
Chemical Industries Ltd. for a grant to one of them (J. J.). 
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16. Kinetics of the Reaction between Ethylene Glycol and Lead 
T etra-acetate. 


By R. P. Bett, J. G. R. Sturrock, and R. L. St.D. WHITEHEAD. 


The kinetics of the reaction between lead tetra-acetate and ethylene glycol have 
been investigated in acetic acid solution between 18° and 45°. The reaction is of the 
first order with respect to each reactant and obeys the Arrhenius equation with a 
steric factor of approximately unity. It is suggested that the occurrence of this 
high steric factor in a reaction between two uncharged molecules is associated with 
a mechanism involving free radicals rather than ions. 


LEAD tetra-acetate has been widely used for oxidising glycols quantitatively to two 
molecules of aldehyde. Kinetic measurements on this type of reaction have been made 
by Criegee (Ber., 1931, 64, 260) and Criegee, Craft, and Rank (Amnalen, 1933, 507), but 
only two temperatures differing by 10° were used and the initial concentrations were not 
systematically varied. We have now investigated the order of the reaction and the 
temperature coefficient for the reaction between ethylene glycol and lead tetra-acetate in 
acetic acid solution. 
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EXPERIMENTAL, 

Lead tetra-acetate was prepared by shaking red lead with glacial acetic acid, warming 
the mixture to 35°, and saturating it with chlorine. It was recrystallised from glacial acetic 
acid, and its purity checked by titrating the iodine liberated from potassium iodide. Ethylene 
glycol was fractionally distilled. Acetic acid was purified by partly freezing several times. 
Further fractional freezing had no effect upon the velocity, though the addition of small 
quantities of water caused a marked increase, and it was necessary to exclude moisture 
carefully in the kinetic measurements. 

The reaction was followed by adding samples to potassium iodide, filtering off the lead 
iodide, and titrating the iodine liberated with n/400-thiosulphate solution. 

Results.—In all the experiments the concentration of ethylene glycol was at least ten 
times that of lead tetra-acetate, and the course of each reaction was of the first order within 
the experimental error. This is illustrated by the data for a typical experiment given in 
Table I. 


TABLE I. 


38°; Horne waryt 0-0125m-lead tetra-acetate. 2 C.c. of reaction mixture added to 5 c.c. of KI 
solution, lead iodide filtered off, and 5 c.c. of filtrate titrated. 


Time, mins. ............ 5 15 25 35 55 15 9% 115 135 
Titre, c.c,f 2D 121 11:3 106 10-1 9-1 8-1 7-3 6-5 
ee Se eae, 11-9 11:3 10-7 10-1 9-1 8-1 7-2 6-5 


The calculated values of the titre (¥) are given by log,9+ = 1-087 — 0-00238¢. 


Table II contains a summary of the results obtained. The first-order constants k, are 
expressed in decadic logarithms, and were obtained by plotting the logarithm of the titre 
against the time. The bimolecular constants k, are given by k, = 2-30k,/c, where c is the 
concentration of ethylene glycol in g.-mols./l. The time is in minutes throughout. 


TABLE II. 


100k,. 100k;. . 100k. 100k,. c. 100k;. 100A. c.  100k;. 1002. 
At 25°. ’ At 45°. 
0-55 0-125 449 83 
0-48 0-100 3-41 79 
0-35 0-075 275 85 
0-42 - Mean 82 
0-265 
0-148 
0-067 
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DISCUSSION. 


The above results show that the reaction is of the first order with respect to each of 
the two reactants within the rather low experimental accuracy. If the glycol concen- 
tration is raised much above 0-125m, the bimolecular constants tend to rise above the 
values obtained with lower concentrations, but the above figures show that a five-fold 
variation below 0-125m does not cause any trend in the constants. 

The bimolecular constants at the different temperatures obey the Arrhenius equation 
within the experimental error, as shown by the following data, where the calculated 
values are given by k, = 1-95 x 1014e~20,900/R7, 

Temp. hanretesSosrettrneser= beset 3, # ff a 

SS. ccc ccc ccc cccccccccccccosccecce , ‘ 

NOMA ae TI Ie oF 8-7 28 82 
These results are in essential agreement with those of Criegee (loc. cit.), who found an 
activation energy of 22,200 cals. from measurements at 20° and 30°. The probable error 
in the activation energy is about 1000 cals., so the non-exponential factor of the Arrhenius 
equation does not differ significantly from the value of about 5 x 10% predicted by the 
simple collision theory. The same is true of the majority of the other glycols studied by 
Criegee. This reaction appears to be the first example of a reaction between two uncharged 
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molecules in solution for which the steric factor is approximately unity. The other reactions 
between uncharged molecules which have been investigated have an ionic mechanism, and 
the low values of the steric factor associated with them are probably due to the orientation 
of solvent molecules round a polar critical complex. It is reasonable therefore to suppose 
that the high steric factor found in the present case is due to the occurrence of a radical 
rather than an jonic mechanism, and this idea is supported by chemical evidence (compare 
Waters, J., 1939, 1805). 


PHYSICAL CHEMISTRY LABORATORY, 
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17. The Determination of Mobilities and Dissociation Constants by 
Means of Conductivity Titrations. 


By (Miss) Joan P. Puitpot, Epwin C. RHopDEs, and Cecit W. Davies. 


The possibility of determining mobilities and dissociation constants by means of 
conductivity titrations is discussed and illustrated. The methods given are not well 
suited to work of the highest accuracy, but are rapid and may prove valuable where only 
small quantities of material are available. 

It is pointed out that the general effect of a substituent amino-group is to increase, 
and not decrease, the acidity of a molecule, although at the same time it provides a new 
centre of basic properties. 


The Determination of Anion Mobilities by Titration of Acid with Ammonia.—When the 
dissociation constant of an acid is determined by the conductivity method, the mobility 
of the anion of the acid must be known. This is usually determined by measuring the 
conductivity of the sodium or potassium salt, and extrapolating the results to infinite 
dilution after applying a combined hydrolysis and solvent correction. The alternative 
now proposed is to determine the anion’s mobility by carrying out conductivity titrations 
of the pure acid with a standard ammonia solution. This takes a small fraction of the time 
required by the older method, and avoids the purification, drying, and handling of the 
solid salt, often troublesome processes. The titration method is less suited to measurements 
of the highest accuracy, owing to an increased uncertainty in the solvent correction; but 
it readily gives mobilities accurate to 0-5%, corresponding to A, values for the parent acids 
accurate to 0-05%, a degree of accuracy that is seldom exceeded in dissociation-constant 
measurements. 

Fig. 1 shows curves for acetic and monochloroacetic acids and illustrates the type of 
result obtained. After the break the line is almost horizontal, and this enables the specific 
conductivity at the end-point to be determined with considerable accuracy. As calcu- 
lations show, the point at which the titration curve becomes almost horizontal corresponds 
to the complete neutralisation of the organic acid and the conversion of any carbon dioxide 
present in the water into ammonium hydrogen carbonate. A correction for this on the 
basis of the measured conductivity of the water can be applied, and the mobility then 
determined by means of Onsager’s equation and the known mobility of the ammonium ion. 

The ammonia was prepared by the distillation of a concentrated solution from potassium 
hydroxide into conductivity water, with precautions against ingress of carbon dioxide. 
The acetic acid was prepared by fractional crystallisation from “ AnalaR ” acid, and the 
monochloroacetic acid was an “ AnalaR”’ sample, used without further purification. 
The cell (constant = 0-15), containing a known quantity of “‘ equilibrium ”’ conductivity 
water, was immersed in a thermostat at 25°, and after the solvent’s conductivity had been 
measured a known amount of a stock solution of the acid was added. The ammonia 
solution was added from a small calibrated burette whilst pure air passed through the cell. 
At the end of a run the specific conductivity corresponding to the theoretical end-point 
was read off from a curve, and a correction (2 gemmhos) deducted for the ammonium 
hydrogen carbonate present. The calculated equivalent conductivity was then converted 
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into the infinite dilution value by means of Onsager’s equation, or, for concentrations 
higher than 0-002Nn, by the extended equation of Robinson and Davies (J., 1937, 574), and 
the mobility of the anion was obtained from this by deducting 73-5, the mobility of the 
ammonium ion at 25° (Longsworth, J. Amer. Chem. Soc., 1935, 57, 1185). Four titrations 
were carried out with acetic acid and gave the following results: 0-002417N-acid, /,;OAc = 
40-8, 41-2; 0-006084N-acid, ],;OAc = 40-5, 40-7; mean 40-8, av. devn. 0-2. This is in good 
agreement with the value 40-87 given by MacInnes and Shedlovsky (ibid., 1932, 54, 1429) 
and the value 40-81 by Saxton and Langer (ibid., 1933, 55, 3638). Three titrations with 
monochloroacetic acid (0-002—0-006N) gave the results: /,CH,Cl-CO,’ = 39-8, 39-8, 39-7, 
in fair agreement with Saxton and Langer’s value, 39-92 (loc. cit.). 

Some titrations were also carried out with difficultly soluble acids. Here the method 
was less satisfactory, as the acid was often found to dissolve with extreme slowness even in 
the presence of a small excess of ammonia. 

The Ionisation Constants of Some Bases, and their Cationic Mobilities —Conductivity 
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titrations may be conveniently used, in much the same way, to determine cationic mobili- 
ties. Below are reported some measurements made to illustrate the method, and also 
to see how successfully the ionisation constant of a base could be calculated from a single 
titration curve. 

Curve 1 of Fig. 2 shows the titration of an approximately 0-005n-solution of n-propyl- 
amine with 0-1335Nn-hydrochloric acid. The equivalence point could be accurately read off 
as the intersection of the two lines, and thus the initial concentration of the propylamine 
solution was determined. The solvent’s conductivity was now subtracted from the con- 
ductivity at the end-point, and the corrected equivalent conductivity of the propylamine 
hydrochloride was converted into its value at infinite dilution by the extended Onsager 
equation. The value obtained was A, = 131-3, which gives 55-0 for the mobility of the 
propyl-ammonium ion. The ionisation constant of the base can now be calculated from 
any point on the first branch of the titration diagram. Such points correspond to mixtures, 
in known proportions, of propylamine and its hydrochloride, and if we assume that the 
conductivities of these are approximately additive, and subtract from the total conductivity 
that calculated for the hydrochloride, we obtain the conductivity due to the propylamine, 
and, by a short series of approximations, can calculate its degree of ionisation and hence 
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the values of [PrNH,"], [OH’] and [PrNH,]. These, inserted in the equation K = 
f?. . [PrNH,’] [OH’]/[PrNH,], give the ionisation constant of the base. The values obtained 
were: for 0, 25, and 50% neutralisation, K = 4-48, 4-77, and 4-56 x 10*; mean 4-60 x 
10+, av. devn. 0-11 x 10+. This agrees well 

Fic. 2. with Bredig’s value 4:7 x 10“ (Z. physikal. 

Chem., 1894, 18, 289), but his mobility value 
is much smaller than ours. This method of 
determining approximate ionisation constants 
is very rapid, and may be valuable where 
only a few centigrams of material are available. 

Curve 2 of Fig. 2 shows the titration of 
ethylenediamine with hydrochloric acid. The 
final end-point can be read off accurately, and 
gives the concentration of the base, and the 
mobility of the ion NH,’.CH,-CH,-NH,°. The 
first equivalence point (calculated from the 
final end-point) gives an approximate value for 
the mobility of the ion NH,CH,-CH,NH,’, 
and, as before, the first section of the curve 
enables the first ionisation constant of the base 

to be calculated. Two titrations were carried 
poe out with the following results: molar con- 
centration, {0-00300, 0-00601; first ionisation 
constant (for additions of 0, 1, and 2 ml. acid) 
1-01, 1-14, 1-06, 1-15, 1-25, 1-26 x 10*; mean 
Ist. End-point 1:14 x 10+. 

Most aromatic bases are too weak for the 
above methods to be applicable, and it is 
necessary to prepare the hydrochloride of the 
base and to titrate this with standard alkali. 
Fig. 3 shows the titration of a -chloroaniline hydrochloride solution with sodium hydrox- 
ide; the upper curve represents the titration of the pure hydrochloride, and the lower line 
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the titration of a hydrochloride solution to which sufficient pure base has been added to 
suppress hydrolysis completely. The end-point is given with much greater accuracy by the 





—-—. sO, Oe OK ee i ee 


ee CD CD w 


[1940] The Extent of Dissociation of Salis in Water. Part IX. 87 


second titration. The mobility of the chloroanilinium ion may be calculated either from 
the first point of the second titration, as was done by Bredig, or from the slope of the first 
branch of the second titration curve, which shows by how much the mobility falls short of 
that of sodiumion. For the approximately 0-0025n-solution investigated the two methods 
gave values of 35-4 and 33-9. The large difference is probably due mainly to uncertainties 
in the solvent corrections; the mean is 34:7. The ionisation constant of the base is given 
by Bredig’s method of comparing the first points of the two titrations, For p-chloroaniline 
this gave the value Ky = 1-1 x 10-¥°. During the course of this work the solubility of 
p-chloroaniline in water at 25° was determined. Excess of the base was shaken with 
water for a week, the mixture kept in the thermostat for a further week, and a sample of 
the clear aqueous solution analysed by a conductivity titration with hydrochloric acid. 
It was found to contain 3-00 g. of p-chloroaniline per 1. 

Similar measurements were made with a recrystallised specimen of m-chloroaniline 
hydrochloride, prepared from the redistilled base, and the following results were obtained : 
mobility of the cation, 34-7, 34-3, mean 34-5; ionisation constant of base, 3-6 x 1071}; 
the saturated aqueous solution at 25° contained 6-11 g. of m-chloroaniline per 1. The 
dissociation constants agree reasonably well with the following values determined potentio- 
metrically by Bronsted and Duus (Z. phystkal. Chem., 1925, 117, 299): -chloroaniline, 
1-0 x 10-29; m-chloroaniline, 3-3 x 10-1. 

An interesting point illustrated by our results concerns the effect of the amino-group 
on the properties of a molecule in which it is a substituent. It is stated in many textbooks 
that this effect is to increase the basic and to decrease the acidic nature of the molecule, 
an idea which probably originated from early investigations on the amino-acids, carried 
out before their ‘“‘ zwitter-ion ” structure had been recognised. This appears to be incorrect. 
The amino-group provides a new centre of basic properties on account of the readiness of 
the nitrogen to increase its covalency, but its influence on the remainder of the organic 
molecule, as modern theory would seem to demand, is to increase, and not to decrease, the 
acidity. Thus the ionisation constant of propylamine is four times as great as the first 
basic constant of ethylenediamine. Further comparisons are given by the following 
ionisation constants, which are taken from the literature: ammonia 1-8 x 10-°, hydrazine 
3 x 10°; ethylamine 5-6 x 10, ethylenediamine 1-1 x 10+; m-propylamine 4-6 x 
10+, propylenediamine 3-5 x 10+; aniline 4-6 x 10-?°, o-phenylenediamine 3-3 x 10-”. 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, December 4th, 1939.} 





18. The Extent of Dissociation of Salts in Water. Part IX. 
Calcium and Barium Salis of Dicarboxylic Acids. 


By Norman E. Topp and Cecit W. Davies. 


The dissociation constants of the calcium and barium salts of eight dicarboxylic 
acids have been determined by conductivity measurements in water at 25°. A wide 
diversity of behaviour is shown; in 0-001m-solution, for instance, barium succinate 
and isophthalate are almost completely dissociated, whereas the weakest salt, calcium 
tartrate, is only 75% dissociated. ‘The barium salts are all stronger than the correspon- 
ding calcium salts. If the salts of the above cations are arranged in order of decreasing 
dissociation constant, the disposition of the anions is not the same in the two series, 
showing that the order is not governed solely by the diameter of the anion. The 
o-phthalates are very much weaker than the isophthalates, and the maleates than the 
fumarates. The hydroxy-acids malic and tartaric give salts far weaker than the 
succinates. It is noteworthy that the ratio of the mobility of the intermediate ion 
HA’ to that of the bivalent ion A” is high for all those acids with weak calcium and 
barium salts. 


PREVIOUS investigations have shown that ionic association is extensive in aqueous solutions 
of bi-bivalent salts. Dissociation constants of the order K = 5 x 10° have been derived 
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for metal sulphates and selenates (Davies, Trans. Faraday Soc., 1927, 28, 354; Money and 
Davies, ibid., 1932, 28, 609; Banks, J., 1934, 1010; Owen and Gurry, J]. Amer. Chem. Soc., 
1938, 60, 3074), and the oxalates and malonates of several bivalent metals have been found 
to be very much weaker (Ives and Riley, J., 1931, 1998; Money and Davies, loc. cit. ; 
Clayton and Vosburgh, J. Amer. Chem. Soc., 1937, 59, 2414). The object of the present 
work was to extend the investigation to salts of other organic acids, and, to cover as much 
ground as possible in a limited time, measurements were made by the conductimetric 
technique described in the preceding paper. For each acid the mobility of the anion was 
first obtained by a titration with ammonia, and the strengths of the calcium and barium 
salts were then estimated by titrating the acid with standard calcium and barium hydrox- 
ide solutions. 

“ AnalaR ” Tartaric and maleic acids and Kahlbaum’s purest malic acid were used 








100% L lL l l — 
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Curve 1: Titration of 0-004137N-fumaric acid with ammonia. 
Curve 2: Titration of 0-002148N-maleic acid with barium hydroxide. 


without further purification; the other acids were recrystallised several times from con- 
ductivity water. All were dried in a vacuum at appropriate temperatures. The standard 
solutions of base were prepared with rigorous precautions against contamination by carbon 
dioxide, the baryta from ‘‘ AnalaR’”’ barium hydroxide, the calcium hydroxide from 
freshly precipitated calcium carbonate heated for 8 hours at 1000°, and the ammonia from 
a sample freshly distilled from alkali into conductivity water. The conductivity water 
used throughout had a specific conductivity of 0-2—0-8 gemmho. 

Measurements were made in a thermostat maintained at 25°. The conductivity 
apparatus was similar to that previously described (Righellato and Davies, Trans. Faraday 
Soc., 1933, 29, 429). The hard-glass cell was standardised several times during the course 
of the work by means of Jones and Bradshaw’s 0-01m-potassium chloride solution (J. 
Amer. Chem. Soc., 1933, 55, 1780). During titrations the standard solution of base was 
added from a calibrated burette or micro-burette connected to a reservoir, while pure air 


passed through the cell. All conductivities were corrected for dilution (Righellato and 
Davies, loc. cit.). 
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Curve 1 of the figure illustrates a typical ammonia titration. Apart from a very slight 
rounding off at the end-point, the titration diagram in the neighbourhood of complete 
neutralisation consists of two straight lines, the intersection of which gives the experimental 
end-point. This does not coincide exactly with the theoretical end-point, and as a check 
on our interpretation of the data a number of “ theoretical” titration diagrams were 
constructed. In the neutralisation of an acid H,A the following solute species are present : 
H’, NH;, NH,’, OH’, HA’, A”, HCO,’, H,A and H,CO,, and, from the mass-action equations 
and the condition of electrical neutrality, the concentration of each can be calculated for 
any given stage of neutralisation, the last two being neglected in the first approximation 
(Topp, Thesis, London, 1937); from known or approximate mobilities the conductivity 
diagram can then be constructed. Diagrams for acids of various strengths show, as might 
be expected, that at the experimental end-point the carbon dioxide present in the solution 
is practically completely converted into ammonium hydrogen carbonate; and that the 
rounding off at the end-point, and the discrepancy between experimental and theoretical 
end-point, are the more important the lower the second dissociation constant of the acid 
investigated. 

These theoretical diagrams were used in correcting the end-point conductivities of our 
actual titrations. In most cases the true specific conductivity of the ammonium salt could 
be obtained by deducting from the end-point conductivity the ammonium hydrogen carbo- 
nate equivalent of the carbon dioxide originally present in the solvent; this corrected 
value, when divided by the known concentration in equivalents per c.c., gave the equiva- 
lent conductivity of the salt. In a few runs the initial concentration of the acid was not 
measured, and in these cases the uncorrected conductivity was divided by the apparent 
concentration as given by the end-point of the titration; the justification for this is that 
the carbon dioxide neutralised in the titration increases both the conductivity and the 
apparent acid concentration. With the weakest acids studied a further small correction 
was necessary for “‘ hydrolysis ’’, t.c., for the incomplete reaction between acid and base. 
From our theoretical diagrams we estimate that the maximum error that could arise from 
the approximations made was 0-7 unit in the equivalent conductivity. 

Curve 2 of the figure shows a typical titration with calcium or barium hydroxide. In 
these runs corrections for carbon dioxide and for hydrolysis were estimated in a similar 
way to that just described. The possible errors involved in the corrections are smaller 
than in the titrations with ammonia, but the error in reading the end-point conductivity 
is greater, and the uncertainty in the equivalent conductivities reported is about the same. 

The Mobtlities of the Bivalent Anions.—In the calculation of mobilities, the equivalent 
conductivities found for the ammonium salts must be converted into their infinite dilution 
values. Many of the runs were at concentrations somewhat beyond the range in which 
Onsager’s equation can be expected to hold, and we therefore used an equation containing 
an additional term: Ay = A + bVC — 175C, where C is the equivalent concentration and 
b is the Onsager slope. The third term on the right-hand side is empirical, but as its 
contribution does not exceed 0-8 unit in any of our runs, and as the equation fits Shedlovsky 
and Brown’s data for the alkaline-earth chlorides (J. Amer. Chem. Soc., 1934, 56, 1066) up 
to C = 0-005 with a maximum deviation of 0-2 unit, it is undoubtedly sufficiently accurate 
for our purpose. Subtraction of 73-5, the mobility of the ammonium ion (Longsworth, 
tbid., 1935, 57, 1185) from A, for the ammonium salt then gave the mobility of the anion. 
The results are in Table I, in which col. 1 gives the equivalent concentration, col. 2 the 
corrected equivalent conductivity, and col. 3 the mobility of the anion. The accuracy of 
of the results is not great, for reasons already given, and in calculating dissociation con- 
stants it has been assumed that the error in the mobility value may amount to one unit. 
The value for the adipate ion agrees well with Jeffery and Vogel’s value (J., 1935, 21), but 
their value for the succinate is much higher than ours. 

The Mobilities of the Intermediate Acid Anions.—From the titration diagram it was 
possible to read off the conductivity of the half-neutralised solution and hence to calculate, 
by the method described in a previous paper (J., 1939, 1850), the mobility of the intermediate 
ion; no solvent correction was made since the solution was acid. The values used for the 
dissociation constants of the acids are in Table II, and the results of the calculations are 
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in Table III, where col. 1 shows the equivalent concentration, col. 2: the total specific con- 
ductivity, col. 3 the corrected conductivity of the ammonium acid salt, and col. 4 the 
mobility. 

TABLE I. 


C x 10°. A. 1A”. 
Ammonium adipate. 
1-336 119-8 52-4 
2-031 117-8 61-7 
2-293 119-2 53-6 

Mean 52-6 


C x 108, A. LA”. 
Ammonium succinate. 
1-189 124-2 56-6 
1-548 124-7 57-9 
2-730 122-6 57-8 
4-989 118-6 56-7 


Mean 57-3 


C x 108. A. LA”. 
Ammonium fumarate. 


1-702 128-4 61-9 
1-733 127-4 61-0 
1-872 129-2 63-0 
2-045 127-2 61-4 
4-137 124-6 61-9 


Ammonium tartrate. Mean 61-8 


2-035 125-6 59-7 
2-043 125-5 59-7 
2-786 123-9 59-2 
3-041 125-1 60-8 
3°427 122-4 58-6 

Mean 59-6 


Ammonium maleate. 


1-851 128-4 62-4 
3-395 125-7 62-1 
3-606 125-1 61-8 
3-739 125-3 62-1 
4-160 124-3 61-7 
4-364 124-0 61-6 

Mean 61-9 


Ammonium malate. 
2-286 124-4 58-9 
3-023 123-1 58-8 
3-121 123-1 58-9 
3°974 121-8 58-7 
4-499 121-1 58-6 
4-602 121-0 58-7 

Mean 58-8 


Ammonium isophthalate. 
1-766 120-9 54-4 
1-864 120-8 54-5 
2-601 120-3 55-3 

Mean 54-7 


Ammonium o-phthalate. 
1-863 119-6 53-2 
3-004 116-8 52-2 
3-638 115-3 51-6 
6-178 113-3 52:3 

Mean 52:3 
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TABLE III. 


1,HA’. C x 10*. « x 10%. « xX 10° (NH,HA). 
Ammonium hydrogen adipate. 
78-0 40-6 
114-0 61-5 
129-0 72-5 


C x 104. « X 108. « x 106(NH,HA). 
Ammonium hydrogen succinate. 
70:5 41-2 
90-0 53-9 
157-0 99-7 


1HA’. 


5-95 
7-73 
13-68 


29-3 
27-7 
29-7 
Mean 28-9 


Ammonium hydrogen maleate. 


115-0 103-0 
202-5 185-0 
220-0 202-8 
228-0 203-1 
267-0 248-1 


30-8 

29-9 

34°7 

Mean 31-8 

Ammonium hydrogen fumarate. 
142-5 54:8 
144-3 56-0 
154-3 65-1 
163-5 70-0 
288-0 147-6 


6-71 
10-19 
11-51 


8-51 
8-67 
9-36 
10-22 
20-69 


29-3 
29°6 
31-1 
29-7 
32-1 
Mean 30-4 


Ammonium hydrogen tartrate. Ammonium hydrogen malate. 


10-24 
13-93 
15-20 
17-14 


166-5. 


213-7 
231-0 
249-5 


85-9 
119-3 
129-3 
143-6 


Ammonium hydrogen o-phthalate. 


8-22 
9-31 
18-19 


105-7 
117-0 
209-7 


140-0 115-3 
184-5 147-1 
186-0 145-5 
233-0 . 181-3 
259-0 199-7 
266-0 207-4 
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Measurements were not made with isophthalic acid, which dissolved extremely slowly 
during the early stages of the titration. It will be seen that the discrepancies between 
individual runs are large. In one or two cases (e.g., ammonium hydrogen malate) there is a 
definite trend in the mobility with increase of concentration, and here the error may be 
mainly due to errors in the acid dissociation constants. In the other cases only random 
variations occur and are probably due to normal experimental error; the conductivity at 
the first end-point cannot be read with accuracy on account of the marked curvature in this 
region, and an error of 1 x 10 in the total specific conductivity could cause an error of 
as much as 2-5 units in the mobility. 

A striking result of the calculations is the consistently high mobilities found for the 
intermediate ions of tartaric, malic, maleic, and o-phthalic acids, those acids which show 
very low dissociation constants for their calcium and barium salts (see later); the hydrogen 
maleate has a far higher mobility than the isomeric hydrogen fumarate, the tartrate and 
malate than the succinate; and the hydrogen o-phthalate, though its actual value may be 
doubtful, has almost certainly a higher mobility than the benzoate ion (/, = 32-3). We 
incline to the view that it is the simple carboxylate ions of low mobility, in the present 
comparison the hydrogen succinate, adipate, and fumarate ions, that should be considered 
abnormal. The anomaly might be due to a special facility with which the carboxylate 
group undergoes hydration; the consequent restriction on the migration of the ion may 
be reduced or removed when the co-ordination of the carboxylate group with adjacent 
hydroxylic, carboxylic, or other groups becomes possible. 

The mobilities are collected in Table IV, the last column of which shows the ratio of the 
mobility of the intermediate ion to that of the bivalent ion. According to Chandler’s rule 
(J. Amer. Chem. Soc., 1908, 30, 694; see J., 1939, 1850), ,HA’ = 0-6/,A”. 


TABLE IV. 
HA’. iHA’/I,A”. 
31-9 0-56 
29-0 . 
30:5 
44-4 


Dissociation Constants of the Calcium and Barium Salits.—The data are in Table V. 
Most of the runs were at concentrations somewhat beyond the range in which the limiting 
equations of Debye and Hiickel and Onsager can be expected to hold good. In calculating 
dissociation constants, therefore, empirical extensions of these equations were used. The 
mean ionic activity coefficient was calculated from the equation previously proposed (J., 
1938, 2093), which here takes the form: f, = —4Vam/(1 + 2V/am) +-0-20(4am),where m 
is the molar concentration and « the degree of dissociation. The sum of the mobilities of 
cation and anion was calculated from the equation A, = Ay — bV 2am +- 800(2am), where 
Ay was obtained from the mobilities of Table IV and the values of Shedlovsky and Brown 
(loc. cit.) for calcium and barium, and where b is the Onsager slope. The third term of 
the equation was obtained as follows. Closely concordant dissociation constants have been 
obtained for zinc and cadmium sulphates by two independent methods: from the conduc- 
tivities of highly dilute solutions and from activity measurements (J., 1938, 2093). The 
activity measurements extend into concentrations far greater than those at which Onsager’s 
equation is valid, and enable degrees of dissociation, and hence values of A,, to be determined 
at these concentrations. Up to C = 0-005 these values are fitted well by the equation 
just given, and its application to other bi-valent salts is unlikely to introduce errors as 
great as the experimental error of our results. Col. 3 of the table gives the degree of disso- 
ciation, calculated in the usual way from the relation « = A/A,, and the dissociation 
constants in the fourth column were obtained by means of the equation K = f,2a2m/(1 — «). 

One or two of the stronger salts, ¢.g., barium tsophthalate, are almost completely disso- 
ciated in the range of concentration studied, and not much quantitative significance can 
be attached to the dissociation constants quoted forthem. There can be no doubt, however, 
of the relative correctness of the values given. 
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The results reveal a wide diversity of behaviour; barium isophthalate is almost com- 
pletely dissociated at a concentration of 0-001m, whereas calcium tartrate at this con- 
centration is only 75% dissociated. 


A. a. 
Barium succinate. 
107-0 0-983 
105-6 0-976 
106-2 0-984 

98-3 0-957 


TABLE V. 


K. 


0-029 
0-023 
0-036 
0-021 


Mean 0-027 


Barium adipate. 


101-8 0-968 
101-7 0-970 
99-4 0-957 


Barium fumarate. 


109-4 0-977 
109-0 0-974 
108-4 0-977 
108-4 0-976 


Barium maleate. 


103-4 0-913 
103-6 0-915 
103-6 0-916 
102-9 0-913 
100-2 0-895 

97-2 0-881 

95-5 0-877 


Barium malate. 

99-7 0-916 
97°9 0-903 
94-4 0-883 
96-0 0-903 


Barium tartrate. 
97-7 0-868 
93-5 0-846 
92-4 0-840 
90-1 0-826 
89-6 0-825 
81-7 0-767 


0-013 
0-016 
0-012 
Mean 0-014 


0-026 
0-021 
0-028 
0-027 
Mean 0-026 


Mean 0-0055 


0-0066 
0-0060 
0-0056 
0-0074 
Mean 0-0064 


0-0026 
0-0029 
0-0030 
0-0030 
0-0031 
0-0027 
Mean 0-0029 


Barium o-phthalate. 


95-3 
96-1 
95-4 
93-8 
86-1 
85-8 


0-907 
0-916 
0-916 
0-903 
0-852 
0-858 


Barium isophthalate. 


102-9 0-982 
101-4 0-972 


0-0044 
0-0050 
0-0054 
0-0048 
0-0042 
0-0048 
Mean 0-0047 


0-033 
0-023 
Mean 0-028 


C x 108. 


2-162 
4-588 
4-884 


Part IX. 


A. a. 
Calcium succinate. 
99-5 0-957 
90-6 0-910 
90-2 0-911 


Calcium adipate. 

92-2 0-916 

93-1 0-927 

91-8 0-925 
Mean 


Calcium fumarate. 

106-6 0-944 

98-9 0-932 

97-4 0-923 

95-1 0-925 
Mean 


Calcium maleate. 
91-8 
89-9 
87-1 
87-5 


Calcium malate. 

81-9 0-780 

80-3 0-768 

81-0 0-775 

718-5 0-758 
Mean 


Calcium tartrate. 
0-805 
0-796 
0-725 
0-740 
0-714 
Mean 


Calcium o-phthalate. 


87-9 0-871 

87-8 0-876 

77-6 0-813 

76-9 0-813 
Mean 


Calcium isophthalate. 


0-941 
0-943 
0-933 
0-922 


0-010 
0-010 
0-010 
0-010 
Mean 0-010 
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For every acid studied the barium salt is stronger than the calcium salt. This is also 
true of the oxalates (Money and Davies, loc. cit.), the mandelates (J., 1938, 271), and the 
hydroxides (J., 1939, 349); the nitrates, iodates, and possibly sulphates, where earlier 
results had shown the calcium salt to be the stronger, now appear exceptional. 

The barium salts show dissociation constants decreasing in the following order: éso- 
phthalic, succinic, fumaric > adipic > malic > maleic > o-phthalic > tartaric. For the 
calcium salts the order, though similar, is not identical, the malate now being weaker than 
either maleate or o-phthalate. This contradicts, at any rate for the weaker salts, the 
hypothesis that the dissociation constants are a simple function of two independent factors, 
the size of the cation and of the anion. Some conductivity data of Walden (Z. phystkal. 
Chem., 1887, 1, 529) for magnesium salts are of interest in this connection. These, while 
not lending themselves to quantitative treatment, indicate that the tartrate and maleate 
are appreciably stronger than the malate, so that the position seems to be as shown below, 
where the strongest salt is at the top of the column : 


Mg. Ca. Ba. 
Maleate Maleate. /Malate 
Tartrate, “/Malate aleate 
Malate Tartrate Tartrate 






The presence of hydroxyl groups is clearly shown to be a factor reducing the dissoci- 
ation constant, both for calcium and barium salts. A similar effect of «-hydroxyl groups 
has already been found for the calcium salts of monocarboxylic acids (J., 1938, 277). 
Another point confirmed by the data is the anticipated steric effect in the phthalates, and 
in the fumarates and maleates; to what extent, in these and other cases, the undissociated 
molecule or ion-pair should be assigned a dipolar formulation, M*CO,*R-CO,,, is an in- 
teresting question which our measurements alone cannot answer. 

One other noteworthy fact is the relative weakness of the adipates when compared with 
the succinates. When the field opened by this preliminary investigation has been more 
extensively studied, we believe that this and other similar comparisons may prove a 
fruitful source of information concerning both the structure of organic acids and the nature 
of the undissociated part of dissolved salts. 

Recently Cannan and Kibrick (J. Amer. Chem. Soc., 1938, 60, 2314) have published 
mass-action constants for a considerable number of bivalent metal salts of carboxylic acids. 
These are not directly comparable with ours, since they refer to ionic strengths of approxi- 
mately 0-2, but in a general way the two series of measurements are in agreement. Cannan 
and Kibrick find that the barium salt is invariably stronger than the calcium salt, and for 
these two cations both series of measurements lead to dissociation constants decreasing in 
the order succinate > malate > tartrate. Their results also confirm the reversal of 


order we have noted with magnesium salts, where the tartrate has a higher constant than 
the malate. 


BATTERSEA POLYTECHNIC, LoNDon, S.W. 11. [Received, December 4th, 1939.] 





19. The Action of Sodium Nitrite on Michler’s Hydrol in 
Hydrochloric Acid. 


By ALEXANDER CANTLAY HuTCHISON and THoMAS HAROLD READE. 


Sodium nitrite (4 mols.) reacted with Michler’s hydrol (1 mol.) in excess of 4-8Nn- 
hydrochloric acid at 0° with production of 4-nitrophenylmethylnitrosoamine, 4-methyl- 
nitrosoaminobenzaldehyde, #-nitrodimethylaniline, -nitrosodimethylaniline, and 
3-nitro-4-dimethylaminobenzaldehyde. Nitric oxide and formaldehyde were liberated. 
In 1-2n-hydrochloric acid the reaction was fundamentally the same but the relative 
amounts of the products were altered. The yields of p-nitrodimethylaniline and 
p-nitrosodimethylaniline were increased and those of the nitrosoamines were diminished. 
Equations are put forward to interpret schematically the course of the reaction. 
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IN a previous communication it has been shown that Michler’s ketone and the methane base, 
bisdimethylaminodiphenylmethane, behaved very differently when treated with sodium 
nitrite in mineral acid solution. The ketone gave nitrosoamines by elimination of a methyl 
group from the dimethylamino-group of the amine without nuclear nitration or fission of 
the molecule, whereas the methane base underwent nitrosation at the nitrogen atom, 
nitration in the benzene nucleus, and simultaneous fission and nuclear nitration, the ratio 
of the yields of products from the three processes being governed to a large extent by the 
concentration of mineral acid employed (Donald and Reade, J., 1935, 52; Pinnow, Ber., 
1894, 27, 3867). This study has been extended to bisdimethylaminobenzhydrol, Michler’s 
hydrol, whose formula stands intermediate between those of Michler’s ketone and the 
methane base. 

From sodium nitrite (4 mols.) and Michler’s hydrol (1 mol.) in excess of 4-8N-hydro- 
chloric acid at 0° the following substances were isolated : 4-nitrophenylmethylnitrosoamine 
(I), 4-methylnitrosoaminobenzaldehyde (II), #-nitrodimethylaniline (III), -nitroso- 
dimethylaniline (IV), and 3-nitro-4-dimethylaminobenzaldehyde (V). 


(I) NO,*CsH,NMe:NO (II) NO-NMeC,H,CHO (IIL) NO,"C,H,NMe, 
(IV.) NO-C,H,NMe, (V.) NMe,*C,H,(NO,)*CHO 


In 1-2n-hydrochloric acid the reaction was somewhat less vigorous. The yields of 
p-nitrodimethylaniline and #-nitrosodimethylaniline were increased and those of the 
nitrosoamines were diminished. To account for the production of these five substances, 
two modes of fission of the hydrol hydrochloride are required as suggested in the following 
schematic equations : 


a. NMe,*C,H,CH(OH)-C,H,yNMe, —> NMe,‘C,H,-CHO + C,H,-NMe, 
b. NMe,C,H,-CH(OH)-C,H,-NMe, + 3HNO, —> 
: NMe,*C,H,-CHO + NO,°C,H,NMe, + 2NO + 2H,0 


The products of these equations would then react further with the nitrous acid, according 
to known reactions, and so give the final substances isolated. 

Fission of the hydrol as represented by equation a is not in itself an adequate explanation, 
because this does not account for the presence of p-nitrodimethylaniline, unless through the 
oxidation. of p-nitrosodimethylaniline which is itself produced from the 4-dimethylamino- 
benzaldehyde and also from the dimethylaniline. Such oxidation is unlikely, because no 
p-nitrodimethylaniline was detected in experiments. where sodium nitrite was added to 
p-nitrosodimethylaniline in 4-8N and in 1-2N-hydrochloric acid. Furthermore the experi- 
ments on the hydrol in 1-2N-hydrochloric acid showed that most of the p-nitrodimethylaniline 
was precipitated during the first 5 minutes, and the -nitrosodimethylaniline was formed 
gradually during 2 hours. Equation 0 is likewise inadequate to represent the complete 
mode of fission of the hydrol molecule. If it were the only reaction taking place, the 
weights of 4-dimethylaminobenzaldehyde and of #-nitrodimethylaniline, expressed in gram- 
molecules, would be the same, and the weight of f-nitrosodimethylaniline would be less 
than either because it is one of the products formed from the aldehyde molecule. It was 
found, however, that the #-nitrosodimethylaniline was always in excess, particularly in the 
more concentrated acid (4-8N). The extent to which fission took place according to the 
mechanism shown in equation b was computed from the weight of p-nitrodimethylaniline 
obtained. Although the experiments do not lend themselves to quantitative estimations, 
it is evident from the yields obtained that in both acid concentrations fission according to 
equation a accounts for about % of the original hydrol and is the main reaction, but that 
fission according to equation 6 is governed by the normality of the acid and accounts for 
about } of the hydrol in 1-2n-acid and about {4 of the hydrol in 4-8N-acid. Thus % of the 
original hydrol was accounted for as fission products; non-fission products may not be 
entirely absent from the oils encountered. In the experiments in which nitrosoamines 
were isolated, formaldehyde was also present. 
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The following scheme shows the probable course of the reaction : 


Michler’s hydrol and nitrous acid 


p-Nitrodimethylaniline 4-Dimethylamino- Dimethylaniline 
wren: nt 
| 
4-Nitrophenylmethyl- f 4-Methylnitrosoamino- p-Nitroso- 
nitrosoamine benzaldehyde dimethylaniline 






3-Nitro-4-dimethylamino- 
benzaldehyde 





p-Nitrosodimethylaniline 


The double lines indicate reactions which have already been investigated by others (cf. 


Klaus and Baudisch, Ber., 1918, 51, 1046; Meldola, J., 1881, 39, 37; Macmillan and 
Reade, J., 1929, 2863). 


EXPERIMENTAL. 


Michler’s hydrol as supplied by Imperial Chemical Industries Ltd. was recrystallised twice 
from carbon tetrachloride and then from light petroleum (b. p. 50—60°) to give colourless needles, 
m. p. 102° alone and in admixture with a specimen prepared according to Mohlau and Heinze 
(Ber., 1902, 35, 359). 

Michler’s Hydrol and Sodium Nitrite in 4-8n-Hydrochloric Acid.—10 G. of Michler’s hydrol 
were dissolved in 240 c.c. of 6n-hydrochloric acid, cooled in ice, and 10 g. of sodium nitrite in 
20 c.c. of water were added slowly with continuous stirring. There was vigorous evolution of 
nitric oxide. (Allowing 1 mol. of hydrochloric acid for each mol. of hydrol and nitrite, the 
solution is 4-8n.) After 3 hours the solution was filtered, yielding 1-26 g. of a yellow precipitate 
and a dark red filtrate. 

Ethereal extraction of this precipitate left 0-99 g. of p-nitrosodimethylaniline hydrochloride 
and yielded a mixture of two nitrosoamines, which when repeatedly crystallised from aqueous 
alcohol gave 4-nitrophenylmethylnitrosoamine (Found: C, 46-2; H, 3-7. Calc.: C, 46-2; H, 
3-8%). The second nitrosoamine could not be isolated in the pure state by crystallisation. 
The nitrosoamine mixture was therefore heated with concentrated hydrochloric acid to remove 
the nitroso-groups, and after dilution was extracted with ether, thus removing p-nitromethyl- 
aniline and leaving in solution the base of the other nitrosoamine. When the solution was made 
alkaline, this base was precipitated, and after recrystallisation from light petroleum (b. p. 
50—60°) was identified as 4-methylaminobenzaldehyde. The nitrosoamine prepared from this 
base was identical with the second constituent of the nitrosoamine mixture. 

The dark red filtrate was extracted with ether, yielding 0-12 g. of p-nitrodimethylaniline. 
The aqueous remainder was diluted with an equal volume of water and subjected to continuous 
ether extraction, which yielded an orange-yellow oil. The oil was washed with cold 2n-hydro- 
chloric acid, leaving behind a sticky yellow solid which after repeated crystallisations from 
aqueous alcohol and light petroleum was obtained from the latter solvent in long hair-like 
needles, m. p. 105°, identified as 3-nitro-4-dimethylaminobenzaldehyde (Found: C, 55-8; H, 
5-1. Calc.: C, 55°7; H, 5-2%). The above method of removing the basic substances from 
solution by ethereal extraction from an acid medium was used because when the solution was 
made alkaline a tar resulted which could not be purified. It was, however, found to contain a 
little dimethylaniline. 

Michler’s Hydrol and Sodium Nitrite in 1-2n-Hydrochloric Acid.—4-5 G. of Michler’s hydrol 
were dissolved in 120 c.c. of 2n-hydrochloric acid cooled in ice, and 4-5 g. of sodium nitrite in 10 
c.c. of water added slowly with continuous stirring. There was immediate evolution of nitric 
oxide. (After allowing for the solution of the hydrol and the sodium nitrite the acid strength 
is 1-2n.) A yellow precipitate settled almost at once and after 10 minutes 0-55 g. of p-nitro- 
dimethylaniline was filtered off. After 2 hours a further precipitate was obtained, which was 
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separated, by washing with ether, into 1-26 g. of p-nitrosodimethylaniline hydrochloride and 
0-1 g. of p-nitrodimethylaniline with a trace of nitrosoamine present. These substances were 
identified as before. The acid filtrate was repeatedly extracted with ether, yielding a small 
quantity of a yellow oil which was found to contain 3-nitro-4-dimethylaminobenzaldehyde as 
in the previous experiment. 

The reaction between 4-dimethylaminobenzaldehyde and sodium nitrite was investigated 
in 4-8n- and in 1-2n-hydrochloric acid in order to determine the amount of p-nitrosodimethyl- 
aniline produced from a given weight of dimethylaminobenzaldehyde. The figures thus obtained 
were used in calculating the individual extent of the two modes of fission of the hydrol molecule. 
4 G. of 4-dimethylaminobenzaldehyde were dissolved in 90 c.c. of 6N-hydrochloric acid, and 6 g. 
of sodium nitrite in 10 c.c. of water added. -Nitrosodimethylaniline hydrochloride was 
precipitated, giving a total yield, including the solubility correction, of 2-34 g. In 1-2n-hydro- 
chloric acid the yield was 3-2 g. The solubility of this hydrochloride in 4-8n- and in 1-2n- 
hydrochloric acid is 1-038 and 1-085 g. per 100 c.c. respectively. 


Grateful acknowledgment is made of a Robbie Research Scholarship, and of gifts of chemicals 
from Imperial Chemical Industries Ltd. 


MARISCHAL COLLEGE, UNIVERSITY OF ABERDEEN. [Received, September 22nd, 1939.] 





20. The Chemical Nature of Precipitated Basic Magnesium 
Carbonate. 


By Jack R. I. HEPBURN. 


A study has been made of the chemical nature of precipitated basic magnesium 
carbonate, prepared by the addition of magnesium sulphate solutions to solutions of 
sodium carbonate. Precipitations carried out over a concentration range of 1m to 
0-05m lead to the conclusion that the carbon dioxide content of the precipitate (which 
diminishes with decreasing initial concentration from a molecular ratio MgO/CO, 
of 0-888 to 0-626) is a continuous function of the carbon dioxide remaining in solution. 
It is therefore possible that freshly precipitated basic magnesium carbonate may be 
produced by the adsorption of HCO,’ ions by magnesium hydroxide. Commercial 
varieties of basic magnesium carbonate (i.e., magnesia alba) appear to consist of 
mixtures of the crystalline so-called hydroxycarbonate, Mg(OH)HCO,, and the 
amorphous product. The magnesium in solution after the precipitation is probably 
present in true solution, in the form of the hydroxy-carbonate. 


THE author’s investigation into the chemical nature of precipitated basic cupric carbonate 
(J., 1927, 2883) has now been extended to the basic carbonate of magnesium. Further 
work is in hand on the basic carbonates of zinc, cadmium, and mercury. 


EXPERIMENTAL. 


The experimental procedure closely followed that described in the earlier work (loc. cit.). 
The solutions of magnesium sulphate and of sodium carbonate employed were all prepared by 
dilution from standard 1m-solutions, and in every case the magnesium sulphate solution was 
added in a thin stream to the mechanically stirred solution of sodium carbonate. 

Analysis.—Carbon dioxide was immediately estimated in the moist, freshly precipitated, 
basic carbonate by the author’s method (Analyst, 1926, 51, 622), in order to avoid any loss of 
carbon dioxide from the precipitate which might arise through air-drying following precipitation. 
The determination of carbon dioxide in solution presented difficulties, since none of the ordinary 
methods seemed readily applicable to this estimation. The author therefore developed a special 
method (see J. Soc. Chem. Ind., 1939, 58, 340), in which the dissolved carbon dioxide (both free 
and combined) is directly determined in a convenient volume of solution, 10, 25, or 50 c.c., 
according to the concentration. y 

Magnesium in solution was determined, either in the sulphuric acid solution resulting from 
the determination of dissolved carbon dioxide, or in a separate sample of the solution acidified 
with sulphuric acid. Both for precipitated and for dissolved magnesium, the 8-hydroxy- 
quinoline (‘‘ oxine ”) method was used. 
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It was intended, as in the investigation on basic cupric carbonate, to carry out determinations 
of adsorbed material in the precipitate (sulphate or sodium carbonate). Several tests, however, 
gave no indication of appreciable amounts of such adsorbed material, at any of the concentrations 
studied. 

Results.—Results for the complete series of experiments (over a concentration range of 
1m to 0-05m) are summarised in Table I, which gives in col. 5 the ratio MgO/CO, for the un- 
washed precipitate, freed as far as possible from adhering liquid by suction in the Buchner 
funnel. From these data, together with those in Tables II and III, the ratio MgO/CO, for the 
true precipitate, free from adhering mother-liquor, is calculated, allowance being made for the 
magnesium and carbon dioxide contained in the mother-liquor entrapped by the moist precipitate. 
These corrected figures are given in col. 6 of Table I. 


TABLE I. 


Unwashed moist precipitate. 
Initial — — 
concn. 

(mols. /1.). MgO (g.). CO, (g.-). 

1-00 . 0-05796 

ee 0-06676 

0-50 . 0-05312 

D 0-7622 

0-02970 

0-03883 

0-02772 

0-04368 

0-02831 

0-02040 





ee 
06 00 be 00 06 00 06 be 00.00 


TABLE II. 


Initial concn. (mols. /1.) .. wee 1-00 
CO, remaining in solution after pptn. (g. i. ) - 9-615 
Mg remaining in solution after pptn. (g./l.) . 


TABLE III. 


Mg, %, after precipitation 
Initial concn. Vol. of mixed Vol. of filtrate Total Mg — 

(c.c.). filtrate (as MgO). (a) in soln. (b) pptd. 
78-9 0-6152 30-52 69-48 
183-0 0-8475 42-05 57-95 
192-8 0-5024 49-86 50-14 
498-3 0-7665 76-05 23-95 
1998 1-970 97-73 2-27 





Table II gives the corresponding figures for the magnesium and carbon dioxide in solution 
after the precipitation. Determinations were also made of the percentage of the original 
magnesium remaining in solution. The volume of the filtrate was measured (to 0-1 c.c.), 
and the volume of the original solution, with allowance for drainings from the flask and beaker 
used during the precipitation. From these data, together with the figure for the concentration 
of magnesium remaining in solution, the percentages of the original magnesium precipitated and 
remaining in solution respectively were calculated. The results are in Table III. 

The filtrates from precipitations at concentrations of 1m, 0-5m, and 0+25m all deposited 
colourless crystals after 12—24 hours, usually in a star-like clustered growth, adhering to the 
walls of the vessel. The filtrates from 0-1m- and 0-05m-solutions did not deposit such crystals 
until after a longer time, accompanied by free evaporation. The crystals separating from the 
0-5m-filtrate were filtered, washed with cold water, dried in a desiccator, and analysed, with the 
following results. 


H,O (by diff.) Molar ratio, 
¥ OF MgO : CO, : H,0. 


M CO, 
(g-). (g-). 

0-03608 0-03850 0-04882 1: 0-978 ; 3-031 

0-1292 0-03787 0-03950 0-05183 1: 0-956 : 3-065 


These figures indicate that the crystals consist of the so-called hydroxy-carbonate, 
MgCO,,3H,O or Mg(OH)HCO,,2H,0O (Davis, J. Soc. Chem. Ind., 1906, 25, 788). It should be 
emphasised that, after deposition of crystals, the filtrate still contained an appreciable amount 








98 The Chemical Nature of Precipitated Basic Magnesium Carbonate. 


of dissolved magnesium, addition of alcohol to such a solution causing separation of further 
crystals of the hydroxy-carbonate. 

When the filtrate from any precipitate was heated, precipitation began, below the boiling 
point, of the colloidal basic carbonate; in no case was the formation of crystals observed. 
In the more dilute solutions considerable frothing took place on boiling, and precipitation of the 
whole of the dissolved magnesium by boiling in this manner was a prolonged process, unlike 
that of the dissolved basic cupric carbonate, which was complete in a comparatively short 
time. 

A microscopic study was also made of the changes occurring when the precipitated basic 
magnesium carbonate from 0-5m-solutions was kept in contact with the mother-liquor. The 
original precipitate was a gel and remained so for 12 hours. After 2 days, although a few 
crystals of the hydroxy-carbonate had been deposited from the solution in contact with the 
precipitate, in the manner described above, the bulk of the precipitate appeared to have been 
converted into small spherites (about 6p in diameter), and some colloidal matter still remained. 
The rate of change of the precipitate from more dilute solutions was also studied, and the 
formation of spherites was also observed, after a larger time interval. No evidence was forth- 
coming of complete transformation of the precipitate into clearly visible crystals of the hydroxy- 
carbonate. 


DISCUSSION. 


A number of conflicting views on the chemical nature of basic magnesium carbonate 
occur in the literature. Rose (Amunalen, 1851, 88, 132, 417) regarded the basic carbonate, 
in common with other insoluble basic metallic carbonates, as the product of hydrolysis of 
the normal carbonate. On the other hand, several of the products, prepared in various 
ways, have been formulated by various authors as definite compounds, more than 15 
being listed in standard textbooks. This tendency is clearly shown in the work of Anderson 
(J., 1905, 87, 261), who made a series of analyses of commercial varieties of basic magnesium 
carbonate (magnesia alba of pharmacy). After pointing out that these show considerable 
variation in composition, the MgO/CO, ratio ranging from 1 : 0-80 to 1: 0-50, Anderson 
concluded that these basic carbonates are substances of high molecular weight, and worked 
out complex formulz for each, e.g., 20MgCO,,21Mg(OH),,62H,0. 

Davis (loc. cit.), after giving a critical review of the literature, suggested that all the 
so-called basic carbonates of magnesium were mixtures in various proportions of the 
crystalline compound Mg(OH)HCO,,2H,O and the hydroxide Mg(OH),. This view was 
partly based on microscopical examination, which revealed the presence in all varieties of 
magnesia alba of crystalline and of amorphous particles. 

The effect upon the composition of the precipitate of systematic variation of the con- 
centration of the reagents, now described, does not appear to have been previously studied. 
The results of the present investigation indicate that the precipitated basic magnesium 
carbonate is of variable composition, and that, under the particular experimental con- 
ditions employed, at any particular initial concentration the carbon dioxide content of 
the solid phase is a continuous exponential function of the total carbon dioxide in solution. 
In view of the well-known fact that such a relation is also characteristic of adsorption 
phenomena, it is therefore suggested that these substances may be the product of ad- 
sorption of the HCO,’ ion, which is known to be present in the solution, by the primarily 
formed colloidal magnesium hydroxide. 

This view assumes that the precipitate, at any given initial concentration, is homogeneous, 
or at any rate that the final precipitate may be regarded as in equilibrium with the mother- 
liquor. It is not overlooked that the experimental method used, addition of successive 
portions of magnesium sulphate solution to the sodium carbonate solution, might give rise 
to a series of products, and that the earlier fractions might differ from the later ones in 
composition. No clear evidence that this isso has yet been obtained, and in view of the 
rapidity with which the precipitation is carried out, the question may not arise. It is, 
however, proposed to investigate this possibility more fully in further work on other basic 
carbonates, which may lend themselves more readily to such a study. 

The Magnesium in Solution.—The results in Tables II and III show that a large pro- 
portion of the total magnesium remains in solution after each precipitation, this proportion 
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increasing with decreasing initial concentration. A linear relationship is found to exist 
between the carbon dioxide in solution and the dissolved magnesium. It is of interest to 
compare these figures with those obtained by Treadwell and Reuter (Z. anorg. Chem., 
1898, 17, 195) for the solubility of the crystalline “‘ magnesium hydroxy-carbonate ”’ in 
aqueous solutions of carbon dioxide. The comparison shows that the solubility of the 
crystalline hydroxy-carbonate is lower in every case than that of the precipitated basic 
carbonate; actually, a linear relationship is also shown by the figures of Treadwell and 
Reuter. 

It is possible to conclude from these data that the freshly precipitated basic magnesium 
carbonate is in a very finely divided condition, since below a certain limit of particle size 
the solubility of such precipitates is known to increase with the degree of dispersity. The 
linear relationship shown also suggests that the precipitates obtained are of similar nature, 
despite the large variation observed in the carbon dioxide content, MgO/CO, varying from 
0-888 to 0-626, and that they do not consist of the hydroxy-carbonate, as suggested by 
Davis. At the same time, the experimental evidence appears to support the view that a 
definite compound is present in solution, probably the hydroxy-carbonate. 


NORTHAMPTON POLYTECHNIC, Lonpon, E.C. 1. [Received, September 16th, 1939.] 





NOTE. 


Stable and Labile Semicarbazones from Methyl n-Amyl Ketone. By W.S. Rapson and 
R. G. SHUTTLEWORTH. 


Tue isolation of a stable and a labile semicarbazone from methyl n-amyl] ketone is recorded. 
In an attempt to characterise a sample of this ketone, it was treated with semicarbazide hydro- 
chloride and sodium acetate in an aqueous alcoholic solution in the usual way. There separated, 
however, a semicarbazone, m. p. 96—97°, which remained stable during its recrystallisation to 
purity. After standing overnight, the m. p. of this material altered to 121—123°, a value 
agreeing with that recorded for the semicarbazone of methyl m-amyl ketone. In further experi- 
ments it was established that this change occurred without loss of weight, and that the final 
product was definitely a monomeric form of the expected semicarbazone [Found: C, 56-0; 
H, 10-0; N, 24-2; M (ebullioscopic in ethyl alcohol), 155. Calc. forC,H,,ON,: C, 56-1; H, 9-9; 
N, 24.6%; M,171]. The change took place with equal ease if the labile material were left in 
solution in ethyl alcohol in the cold, or if it were kept in the dark. Inoculation of solutions of 
the labile with the stable form did not aid the separation of the latter, and an attempt to convert 
the stable into the labile form by exposure of its alcoholic solution to the ultra-violet light from a 
mercury lamp was unsuccessful. 

Successive preparations of the labile semicarbazone were more and more unstable, until 
it became unobtainable in the pure condition, crude materials melting between 103° and 110° 
being formed which altered rapidly to the pure stable form on keeping or on recrystallisation. 
Many variations in the conditions of preparation were tried without effecting any changes in 
the nature of the final product, and after 2 months it was found impossible—using the same 
materials and conditions—to produce anything but the higher-melting modification. 

Analogous phenomena have not been met with in a study of the semicarbazones of methyl 
“-butyl and methyl »-hexyl ketones. In each of these cases only the one semicarbazone was 
isolated, though the rather high m. p. (123-6—124-5°) of the material obtained from methyl 
n-butyl ketone renders its identity with the semicarbazone, m. p. 118°, recorded by Michael 
(J. Amer. Chem. Soc., 1919, 41, 416) rather doubtful. 


One of the authors (R. G. S.) acknowledges with gratitude the tenure of a University 
Research Scholarship during the above investigations—-TuHe University oF CaPe Town, 
SoutH Arrica. [Received, November 28th, 1939.] 
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OBITUARY NOTICES. 


WILLIAM THOMAS BURGESS. 
1861—1939. 


WILLIAM THOMAS BuRGEss, whose death took place at Bedford Park, London, on June 22nd, 
was born at Brighton on January 8th, 1861. Receiving a preliminary scientific education 
at Brighton, including chemistry under W. Jago, F.I.C., he proceeded to the Royal College 
of Science in 1882. In his first year at the College, he took the first prize, the Tyndall 
Prize, for Physics, and his sound knowledge of chemistry and physics, coupled with his 
resourcefulness and dexterity in experimental manipulation, so impressed Prof. Percy 
Frankland that he was offered, and accepted, the vacant position of assistant to Sir Edward 
Frankland in his private laboratory for consultative work. At that time, Sir Edward was, 
among other things, the leading authority on water supplies and water analysis, and 
Burgess, who remained with him as friend and assistant until the death of Sir Edward in 
1899, gained an experience in matters relating to water supplies which was unequalled in 
the country. 

The part of Sir Edward’s work pertaining to his official position as ‘“‘ Water Analyst to 
the Local Government Board ”’ consisted mainly in the regular analysis of the supplies of 
water to London by the eight separate water companies of that time, and, on his death, 
it was soon transferred to the Government Laboratory, but Dr. (later Sir) Edward Thorpe 
stipulated that Burgess should continue to do the work on the lines adopted by Sir 
Edward Frankland. Burgess’s employment, part time, on this work continued until it 
was taken over by the Metropolitan Water Board in 1908, after which he was able to devote 
all his time to a private practice which devolved on him from the unofficial consultative 
work of Sir Edward Frankland. This work as a water consultant was kept up until his 
death, and he was consulted by local authorities or by water engineers in most of the new 
schemes for water supply as they arose. 

Burgess devised a simple instrument for measuring the colour of water, equating the 
colour of a definite depth of water with colours on the Lovibond scale. Apart from his 
extensive knowledge of the geology of this country, he had a keen interest in all develop- 
ments in chemistry and physics, and was an authority on the composition of glass and 
porcelain used for laboratory ware. In this connection he did much work for the Glass 
Research Committee set up by the Institute of Chemistry during the last war. He was 
at one time a Member of Council and later a Vice-President of the Institute of Chemistry 
and acted temporarily as Honorary President in 1918. He had also been a Member of 
Council and Vice-President of the Society of Public Analysts, was a Member of the Society 
of Chemical Industry, and was elected a Fellow of the Chemical Society on June 19th, 1884. 

Burgess endeared himself to all his acquaintances by his interest in their work, and his 
ready help and advice, based on a wide experience. A. More. 





WALLACE HUME CAROTHERS. 
1896—1937. 


THE death of Wallace Carothers on April 29th, 1937, at the age of 41 years, cut short the 
brilliant career of one of America’s ablest workers in the field of chemistry. Although the 
period of his scientific activity extended over scarcely more than ten years, Carothers’ 
work had gained wide recognition and placed him in the front rank of organic chemists. 
Wallace Carothers was born on April 27th, 1896, at Burlington, Iowa, the eldest son of 
Ira Hume Carothers and Mary Elvina McMullin. His father’s family was of Scottish 
origin and had settled in Pennsylvania in the 18th century, moving westward to Illinois 
many years later. His maternal ancestors were of Scotch-Irish lineage. His early education 
was obtained in the schools of Des Moines, Iowa, and in 1915 he entered Tarkio College, 
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Tarkio, Missouri, where he began his scientific studies. During this period and later, he 
earned a large portion of his educational expenses by acting as a teaching assistant. 

In 1920 he received the B.Sc. degree from Tarkio College and began graduate study in 
chemistry at the University of Illinois. He was awarded the Master’s degree at Illinois 
the following year and then accepted a teaching appointment at the University of South 
Dakota, which he held for one year. Returning to the University of Illinois in the fall of 
1922, he became a candidate for the ‘doctorate, choosing organic chemistry as his major 
field with physical chemistry and mathematics as minor subjects. His doctoral thesis was 
prepared under the direction of Professor Roger Adams and dealt with the catalytic hydro- 
genation of aldehydes with platinum-oxide-platinum-black and the effect of promoters and 
poisons on the reduction of various organic compounds with this catalyst (J. Amer. Chem. 
Soc., 1923, 45, 1071; 1924, 46, 1675; 1925, 47, 1047). He was a gifted experimenter and a 
brilliant theorist. His work even at this early stage showed a great breadth of knowledge 
and a keen, discerning judgment. In 1923 he was granted the Robert F. Carr Fellowship 
and in 1924 received the Ph.D. degree. At that time he was regarded by the chemistry 
faculty at the University of Illinois as one of the most brilliant men ever to have studied 
there. 

Carothers remained at Illinois for two years as an instructor in organic chemistry and 
then spent three semesters in a similar post at Harvard University. At this time E. I. du 
Pont de Nemours and Company had completed plans for a new laboratory to be devoted 
to broad fundamental research in organic chemistry at their central laboratory, the 
Experimental Station at Wilmington, Delaware. Wallace Carothers was selected to direct 
and develop the research programme and in February, 1928, he embarked upon this new 
and exceedingly productive phase of his scientific work. A small group of excellently 
trained chemists was brought together and placed under his direction to take up the study 
of problems of his own selection. Work progressed rapidly under the stimulus of his keen 
intellect and friendly encouragement. In the brief period of nine years this small group 
made outstanding contributions to theoretical organic chemistry and also laid the found- 
ations for commercial developments of great significance. 

Carothers showed a remarkable independence of thought early in his scientific training. 
He could at once grasp the essence of a new idea, see its broad ramifications, and apply the 
new concepts to problems that interested him. He had the ability to express his own 
views concisely with precision and clarity. He was greatly impressed by the early papers 
of Lewis and of Langmuir on the electronic theory of valence and was eager to extend these 
ideas into organic chemistry. In 1923 he published his first independent paper, on the 
isosterism of phenyl isocyanate and diazobenzeneimide. The following year he published 
a theoretical memoir entitled ‘‘ The Double Bond” (J. Amer. Chem. Soc., 1924, 46, 2226) 
in which he interpreted a variety of organic reactions from the standpoint of electronic 
theory, presenting a number of ideas that clearly foreshadowed many of the subsequent 
theoretical developments in this field. He stated the view that reactivity of the double 
bond is not chiefly due to the electrical charges (polarity) of the active centres but to an 
unstable electronic configuration, particularly a deficit of electrons (to be termed later, an 
open sextet). He decried “ the tendency to regard reactivity as exclusively the attribute 
of polarity and polarity as in some nebulous manner the ultimate cause of typically organic 
reactions.” Later he studied the thermal decomposition of sodium ethide and of sodium 
and potassium methides (ibid., 1929, 51, 588; 52, 1254) to obtain data concerning. the 
stability and reactions of the simplest definite alkyl anions. 

Soon after he went to the du Pont Experimental Station vinylacetylene and divinyl- 
acetylene became available for his researches, He undertook an extensive study of the 
reactions of these compounds and of a large number of related acetylenic hydrocarbons 
that were synthesised in his laboratory. The results of this detailed and comprehensive 
study were the subject of more than twenty scientific papers and formed the basis for 
several important patents. Carothers discovered that hydrogen chloride adds to vinyl- 
acetylene in the 1: 4-positions to give a reactive allene derivative (CH,Cl-CH:C:CH,) 
which is easily isomerised to 2-chloro-A1 ‘3-butadiene (chloroprene). The latter undergoes 
polymerisation readily and yields a rubber-like polymer having very desirable properties 
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as a substitute for natural rubber. This synthetic rubber is now produced commercially 
in the United States and marketed under the name neoprene. In the course of his investig- 
ations in this field a thorough study was made of the relations between the chemical constit- 
ution of substituted 1 : 3-dienes and their rate of polymerisation and the physical properties 
of the polymers. 

Even before his association with the du Pont Company Carothers had become interested 
in the interaction of polyfunctional molecules to fotm high molecular polymers. Before 
leaving the University of Illinois he had started an investigation of the reaction of ethylene 
glycol with succinic acid. In 1928 he began a comprehensive study of the action of sub- 
stances x-A-x on y-B-y where A and B are bivalent radicals and x and y are functional 
groups -capable of reacting with each other. His published investigations in this field, 
comprising more than thirty papers, covered a. wide variety of compounds and resulted 
in a number of significant contributions to theoretical and applied chemistry. He did 
much to systematise and clarify the chaotic field of condensation polymerisation and 
enunciated a broad general theory of polyfunctional reactions. 

Carothers investigated methods of synthesising substances of high molecular weight 
and known constitution from simple polyfunctional molecules such as glycols, diamines, 
dibasic acids, etc. This led him to prepare a large series of polyesters, polyamides, 
polyalcohols, etc., and resulted in the production of the first completely synthetic fibres 
comparable in degree of molecular orientation, tensile strength, pliability, and other 
physical properties with natural fibres such as silk, wool, and cotton. The results of 
Carothers’ work on linear polymers have served as the basis of several exceedingly important 
commercial developments by the chemists and chemical engineers of the du Pont Company. 
A large plant costing upwards of ten millions of dollars is now under construction at Seaford, 
Delaware, for producing new, purely synthetic polymers for a variety of uses, particularly 
a new silk-like fibre marketed under the name nylon. This material consists of a polyamide 
of peptide-like structure obtained from an aliphatic diamine and dibasic acid. Preliminary 
tests extending over several years have shown that fibres, bristles, and sheets of these 
synthetic polyamides have great strength, elasticity and toughness, and that they will 
find numerous practical applications. 

The significance of Carothers’ work rapidly established his reputation but he was always 
modest and unassuming in manner. He took an active part in affairs of the American 
Chemical Society and for a number of years served as an Associate Editor of the Journal. 
He also served as an editor of Organic Syntheses. He visited England on several occasions 
and in 1935 presented a paper on “‘ Polymers and Polyfunctionality ” before the Faraday 
Society. He was elected a Fellow of the Chemical Society on May 2nd, 1935. In 1936 
he was elected a member of the National Academy of Sciences of the United States—a 
signal honour in that he was the first organic chemist outside of academic circles to be 
elected to that society. 

He was married in 1936 to Helen Everett Sweetman of Wilmington, who survives him 
with their daughter Jane. 


In the preparation of this notice I have been aided by the biographical memoir of 
Wallace Carothers written by Roger Adams (National Academy of Sciences, U.S.A., 
Biographical Memoirs, 1939, XX, 293). Joun R. JOHNsoN. 





REGINALD CRAVEN.’ 
1896—1939. 


UNTIL last summer there were few better known figures in Aberdeen than that of Reginald 
Craven, the local representative of the Chemical Society and Lecturer in Chemistry at 
Robert Gordon’s Technical College. Powerfully built, thick set, and slow in his.move- 
ments, he would be seen moving along deep in thought, often but half conscious of his 
immediate surroundings, moving his head, which was prominent, slowly from side to side 
as he walked. There was a touch of oddity in his appearance; and yet one turned again 
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to regard him. For his was the face of a personality; a man who had many friends, a man 
of sympathetic understanding, a man whom one trusted instinctively, a man of learning. 
Of few whom the Society mourns would it be more true to write that as a chemist the man 
was greater than his output of published original work would have indicated, for the latter 
was limited to two communications on quinones, whereas Craven’s influence on the develop- 
ment of chemistry in Aberdeen was considerable. For in co-operation with Alexander 
Findlay, James Hendrick, R. H. Plimmer and a few other enthusiasts, he helped to found 
the Aberdeen Chemical Club in 1920 and became its first Secretary. After a useful life the 
Club became merged in the newly formed local sections of the Chemical Society and of the 
Institute of Chemistry and—as was fitting—Craven was appointed Local Representative 
of the former and Local Secretary of the latter, which appointments he held until his death. 

Students of Robert Gordon’s College had reason to know him as a sympathetic friend 
with a keen sense of humour, and as a first-rate teacher of chemistry. He must have been 
an accurate observer; for he could identify by sight nearly all the commoner chemicals 
found on the reagent shelves, and his memory even in trivial things—people’s addresses and 
the like—was unusually retentive. 

His interests were many-sided. Philately, foreign travel and languages, pictorial 
photography, music, swimming, walks over the moors and hills, and the company of 
friends—these were the recreations of his choice, to which may be added chess, mathe- 
matical conundrums, and golf, which he played left-handed with more zest than precision. 
More illuminating as an index of his character was his behaviour during 1916. Breaking 
his student career at the Royal College of Science in South Kensington, whither he had gone 
as 1851 Scholar in the previous year, and failing to be accepted for service in the Army, 
he. worked in a war gas factory near London. One day, a supply pipe failed, and realising 
the danger—for no gas masks were available then—he cleared the shed of workers and him- 
self shut down the plant. A long period in hospital followed, after which he returned to 
College and completed his studies for the A.R.C.S. and B.Sc. examinations. Research into 
poisonous arsenicals likely to be of service in chemical warfare followed; but he became 
so badly affected that another long period of illness resulted, and indeed he was not entirely 
free from the effects of arsenical poisoning for ten years. Only a few intimate friends knew 
of these incidents. But it is fitting that they should be recalled now. For bravery and a 
sense of duty are never out of fashion; and we honour him greatly for them. 

Reginald Craven, born on March 25th, 1896, at Halifax, Yorks, was the son of Charles 
Edward and Elizabeth Ann Craven, née Linfoot. He began his education there at the 
Secondary School and Technical College and proceeded to the Royal College of Science, 
South Kensington, in 1915. He was elected an Associate of the Institute of Chemistry 
in 1919, a Fellow of the Institute in 1935, and a Fellow of the Chemical Society in 1920. 
Robert Gordon’s Technical College, Aberdeen, appointed him to a Lectureship in chemistry 
in 1920. On December 27th, 1930, he married Margaret Lilian Overell at Wimbledon and 
had a very happy married life. On July 27th, 1939, he died near Aberdeen and was buried 
at Springfield Cemetery. 

To his, widow and his sister the Fellows of the Chemical Society express both their 
sympathy and their sense of their indebtedness to him for the part he played in the advance- 
ment of chemistry in Aherdeen, ' T. H. READE. 





WILLIAM RISDEN CRIPER. 
1855—1939. 


W. R. CripPer was born on December 9th, 1855, and died on January 13th, 1939. 

He received his chemical training under Professor Edward Frankland and Dr. Percy 
at the Royal School of Mines and obtained his Diploma of A.R.S.M. in the metallurgical 
division in 1875. He continued working with Dr. Percy for a period and then took up the 
post of assayer to an extraction works for silver and copper in Cornwall. Somewhere about 
the year 1880, he took up prospecting work in Burma and from there went to India about 
1882, where he joined the staff of Carew and Co., Distillers and Sugar Refiners. In 1884, 
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he joined the late Dr. David Waldie in his chemical works at Cossipore, near Calcutta, 
subsequently becoming his partner and thus one of the founders of the heavy chemical 
industry in India; for a time David Waldie and Company was the only heavy chemical 
works of note in that country. It is interesting to recall that Dr. Waldie (of Linlithgow) 
was the originator of the use of chloroform as an anesthetic, having suggested its employ- 
ment to Dr. Simpson and having provided him with his first samples of that chemical. 

On the death of Dr. Waldie, Criper continued to carry on the business of D. Waldie & 
Co., as proprietor, and moved the works to its present large site at Konnagar, 10 miles 
north of Calcutta on the banks of the Hooghly, where his sulphuric acid works were enlarged. 
He also floated the Bengal Distilleries Co., Ltd., about the year 1906 for the manufacture 
of potable spirits and pure alcohol for medicinal and other purposes. In 1909 he admitted 
his nephew, Mr. Eric Hayward, into partnership and the business gradually extended as 
the years went by to include large-scale manufacture of a number of products, including 
red lead, sulphate of alumina and other heavy chemicals, and the firm became interested 
in various other undertakings in the Empire. 

Criper’s interest in the laboratory work was constantly maintained and he and Dr. 
Waldie elaborated an analytical method for the estimation of rosin in shellac which for 
many years was the standard method. 

Criper was elected a Fellow of the Institute of Chemistry in 1880 and was recipient of 
the Frankland Medal awarded by the Institute on the occasion of its Charter Jubilee in 
1935. He was highly regarded by ‘Indians of all classes, who were sure of sympathy, 
interest and help in the various problems which they took to him from time to time, and 
his passing was much lamented in the district. He was elected a Fellow of the Chemical 
Society on June 20th, 1878. E, HAYWARD. 





PERCIVAL GEORGE LLOYD. 
1871—1939. 


PERCIVAL GEORGE LLOYD was born at Dalston on July 28th, 1871, the son of John Irvin 
Lloyd. He received his early training at the Aylesbury Grammar School but when he 
joined the Native Guano Company in 1887 he entered the field of sewage treatment and 
disposal, with which he was connected during the whole of his subsequent career. This 
Company put into practice the “ A.B.C.” (Alum, Blood and Charcoal) process of sewage 
treatment, in the commercial application of which Lloyd played a considerable part. The 
process was employed at Kingston-on-Thames and when these works were taken over by 
the Corporation in 1908 Lloyd remained as their officer in charge of the plant and was 
holding that position at the time of his death. 

Lloyd was keenly interested in the scientific aspects of sewage treatment and was an 
ardent supporter and Member of Council of the Association of Sewage Works Managers 
(now incorporated as the Institute of Sewage Purification), of which he was an early member. 
He regularly attended the meetings and made many contributions to their journal. 

It is largely due to his initiative that the Kingston Sewage Works are likely to be 
abandoned in the near future in favour of a more suitable site in the Hogsmill Valley, thus 
freeing a valuable river frontage for other p 

Lloyd was elected to the Chemical Society in 1907. He died on April 28th, 1939, and 
is survived by a widow and one son. J. T. CALVERT. 





GEORGE JAMES ROBERTSON, 
1898—1939. 


Dr. GEORGE JAMES ROBERTSON, senior lecturer in chemistry in the United College, 
University of St. Andrews, died suddenly on September 5th, 1939, at the age of forty-one 
years. Born on June 18th, 1898, he was a son of the late Mr. James Robertson, head- 
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master of Colinsburgh School, Fife. He entered the University of St. Andrews from the 
Madras College, St. Andrews, in October, 1916. He undertook military duties soon 
afterwards, and held a commission in the Gordon Highlanders, 51st Highland Division. He 
was on active service in France from September, 1917, and in March, 1918, he was taken 
prisoner at Cambrai and interned in Germany until the end of the war. 

Returning to the University of St. Andrews in 1919, Robertson graduated M.A. (1921) 
and B.Sc. with first class honours in chemistry (1922). He held in succession a Carnegie 
Research scholarship, fellowship, and teaching fellowshipin the Chemistry Department at St. 
Andrews. In 1924 he was awarded the degree of Ph.D. for a thesis entitled ‘‘ Investigations 
on Cellulose.’’ Since 1927 he had been senior lecturer in the Department, and in this 
capacity he carried out and directed a considerable amount of research work in carbo- 
hydrate chemistry. In 1936 he was awarded the degree of D.Sc. for a thesis entitled 
“Walden Inversions in the Sugar Group’”’; this thesis also gained him the Sykes Medal 
for outstanding merit. His investigations, most of which were published in the Journal 
of the Chemical Society, dealt largely with the interconversion of simple sugars through 
anhydro-derivatives and the problem of the natural formation of lactose, glucosamine and 
allied substances. 

Courteous and considerate to his colleagues and students, Robertson has been described 


as “an excellent teacher endowed with unusually fine powers of expression and easy 


fluency.” His military training enabled him to render valuable services to the University 
0.T.C. throughout his period as a member of the University staff. He leaves a widow 
and two sons of school age. J. READ. 





JOHN TROTTER. 
1864—1939. 


THE death of John Trotter, M.A., D.Sc., F.I.C., on March 4th, 1939, marked the end of a 
remarkable career. Born at Kelso, he attended Caddonfoot school near Clovenfords, 
where he came under the sway of a typical Scottish dominie by the name of Litster and 
attracted the attention of the parish minister, the Rev. Robert Small. Although he 
showed great promise at school, especially in mathematics, he was obliged at about the age 
of thirteen to leave and take up farm work at Fairnalee farm on Tweedside, where he had 
been brought up. After five years he went to Blainslie near Lauder as a ploughman. 

We next hear of him at Greenlaw in Berwickshire, where he attended an evening class 
on agricultural science. He was so keen to learn and such a prodigious worker that he was 
sent to South Kensington for a course of training and returned to take charge of the evening 
class for a year or two. 

Trotter was determined to make a name for himself, however, and he left the country 
at the age of 25 for Edinburgh. At this time he worked during the day at various employ- 
ments and was able to attend evening classes at the Heriot Watt College. The subjects 
taken here were mathématics, bookkeeping and shorthand. Between 1892 and 1896 he 
took the College diploma in science and also the first class certificate of the Department of 
Science and Arts, London, in physiology, geology, and inorganic chemistry. 

In 1895 he secured a post with the Edinburgh Corporation. Working at night, and 
attending classes at the University of Edinburgh during the day, he covered himself with 
distinction. In 1898 he was awarded the diploma in agriculture of the Highland 
Agricultural Society. In the session 1899—1900 he obtained an honours certificate and senior 
medal in agriculture and rural economy and an honours certificate and prize in colonial 
and Indian agriculture. Graduating B.Sc. in pure science in 1905 and B.Sc. in agriculture 
in 1908, he received the degree of M.A. in 1915, and was admitted a Fellow of the Institute 
of Chemistry in 1918. 

Trotter, after graduating B.Sc., however, had commenced a research in organic chemistry 
under Professor Boon. The title of the thesis for which he was awarded. the degree 
of D.Sc. in 1910 by his alma mater was “ Bis-p-methoxybenzylidenedimethylpyrone and 


some of its derivatives.” This had the unique distinction of attracting the attention of 
: 
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“Punch ” (April 13th, 1910, p. 257), who remarked “‘ Lucky that the ‘ bis’ didn’t come 
at the end of the word, or he might have had to say it all over again.” 

This work was embodied in a publication by Boon, McKenzie, and Trotter 
(Proc. Chem. Soc., 1914, 205). 

Trotter spent several years abroad as an adviser on agricultural problems. His 
appointments included two years with the Sudan Plantation Syndicate, three years on a large 
estate in the Gold Coast Colony and with the Jewish Territorial Organisation in Cyrenaica. 
During the Great War he worked from 1915—1918 in the T.N.T. Department of Messrs. 
Chance and Hunt, Ltd., at Oldbury. 

From 1918 until his death he carried on a very successful business in Edinburgh as a 
gold refiner and assayer. During this period of comparative leisure he returned to his old 
boyhood hobby of angling and became a well-known Tweedside trout fisher. He was a 
great admirer of our national ploughman poet and was responsible for the founding of the 
Clarinda Burns Club. 

His independent mind and kind heart gained for Trotter the respect of a large circle 
of friends and to one of these, Mr. J. C. Henderson, Ph.C., I am greatly indebted for much 
information on his career. 

Trotter was an outstanding example of the maxim that you can never keep a good man 
down and a typical example of the hardworking Scottish student of days gone by. He 
was elected a Fellow of the Society in 1918. W. G. R. Murray. 





21. The Evaporation of Water through Unimolecular Films. 
p By F. Sessa and H. V. A. BRIscoE. 


A new technique has been developed for comparative measurements of the rate 
of evaporation of water through unimolecular films into a constant current of dry air 
under conditions of controlled and measured surface pressure. The device used is 
named the “‘ evaporant,” and its construction and use are described. 

It is found that the resistance offered by films to the evaporation of underlying 
water is a highly specific property: some films, e.g., of egg albumin, cholesterol, 
oleic acid and elaidic acid, offer practically no resistance under any conditions, 
whereas stearic acid, brassidic acid, arachidic acid, cetyl alcohol, octadecyl alcohol, 
and -docosanol under suitable conditions can reduce evaporation to a very small 
fraction of that from a free water surface. 

The resistance becomes substantial only above a critical surface pressure which is 
characteristic for each substance and is, in general, substantially greater than that at 
which the film becomes relatively incompressible. Hydrophilic groups in the chain 
appear to reduce or eliminate the resistance. Increase of chain length increases 
resistance and lowers the critical pressure at which substantial resistance sets in. 
The resistance of a film cannot be correlated with its physical state; e.g., the solid 
film of albumin offers no resistance, but the liquid film of cetyl alcohol offers great 
resistance to the passage of water. 

It is suggested that an explanation of these phenomena may require the assump- 
tion that unimolecular films contain dissolved water and are in equilibrium with a 
solution of the film-forming substance in the water substrate. Films of ‘ indicator 
oil,’ even 100 molecules thick, offer less resistance to evaporation than typical 
‘“‘ waterproof ” unimolecular films such as that of cetyl alcohol. 


Burt little is known about the effect of unimolecular films on the rate of evaporation from 
a water surface. Hedestrand (J. Physical Chem., 1924, 28, 1244) passed a rapid stream 
of dry air over a water surface on which he had spread palmitic or oleic acid, and by 
comparing the quantities of water taken up by the air with and without the presence of 
the film he concluded that such films do not affect the rate of evaporation. Rideal 
(tbid., 1925, 29, 1585) showed that Hedestrand’s technique would not suffice to show any 
effect that these films might have had and, by distilling water in a vacuum from one leg 
of an inverted U-tube at 25° or 35° to the other held at 0°, he found that films of stearic, 
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lauric, and oleic acids all had a marked effect on the rate of evaporation, giving at 25° 
reductions in that rate of 28%, 42%, and 52% respectively. In these experiments, 
Rideal spread his films on the water surface by adding a crystal or lens of the fatty acid 
to the surface and allowing it to remain for some hours until equilibrium between the 
bulk and a unimolecular film had been attained. It follows, then, that Rideal’s figures 
show the effect on evaporation at surface pressures which are arbitrarily fixed for each 
substance and bear no significant relation to each other. 

Langmuir and Langmuir (ibid., 1927, 31, 1719) discussed the results of previous 
authors and investigated the effect of unimolecular films on the rate of evaporation of 
ether from an ether—-water mixture. They also examined the effect of certain films on 
the rate of evaporation of water into air by weighing water in petri dishes, at definite 
intervals of time, after placing films on the surface. They found no appreciable effect 
with oleic acid, myricyl alcohol, stearic acid, or cetyl palmitate, but noticed a decided 
diminution in evaporation with a film of cetyl alcohol. Similar work has subsequently 
been reported by Glazov (J. Physical Chem. U.S.S.R., 1938, 11, 484). Using Rideal’s 
figures and considering separately the various resistances to evaporation from a liquid 
surface, Langmuir and Langmuir calculated a value R, the reciprocal of the rate of 
evaporation, which they called the resistance to evaporation. Rideal’s results gave a 
value for R of 800 units for oleic acid and 300 units for stearic acid. For cetyl alcohol, 
they found R to be 65,000 units, a disproportionately high value for which they could 
give no explanation. These authors, too, worked under the natural limitations imposed 
by using each substance at its equilibrium pressure between the bulk phase and the 
unimolecular film. 

It is evident that the experimental methods employed in these earlier investigations 
were such that it was impossible to change and control the surface pressure of the 
unimolecular film investigated, and it was felt it would be useful to study the evaporation 
of water through films spread on a Langmuir-Adam trough under accurately known and 
controlled conditions. The results of this investigation have shown that the surface 
pressure of the film greatly influences its effect on evaporation. If surface pressure is 
taken into account, the apparent anomalies of the earlier results are explained, and 
certain new and interesting phenomena are observed. 

For the present purpose it seemed that more useful results would be obtained if, 
instead of concentrating on absolute rates of evaporation, comparative results were 
sought by using different films in varying states of compression, but under conditions 
which for a pure water surface would- always give the same results. The original 
objective was to get some indication of the effect of films upon evaporation from large 
surfaces into air at atmospheric pressure, with a view to their possible practical applic- 
ation to minimise the evaporation of stored water in dry climates. Therefore a com- 
parison was made of the effects of films on the rate of evaporation into dry air. An 
obvious advantage of this method as against the measurement of the rate of evaporation 
into a vacuum is that evaporation into air is much slower and therefore more easily 
controlled, though against it is the fact that the effect of a film on evaporation into a 
vacuum would probably be much more marked, and might disclose differences which the 
slower method would obscure. 


The principle of the method adopted was to pass a constant stream of dry air over a 
known area of the water surface with and without a film, and to collect and weigh the 
water evaporated into that air in a fixed time. As the rate of evaporation of water at 
room temperature, even into an air current, is very rapid, and as, obviously, useful 
comparative data could be secured only if it were certain that at no stage of its passage 
over the water surface was the air saturated with water vapour, the rate of air flow had 
to be fairly high and the path length small. 


EXPERIMENTAL. 


With these conditions in mind, the apparatus shown in Fig. 1 was designed, which for 
convenience may be named the “‘ evaporant.”’ 


The essential feature is a brass disc, A, carried by a central brass tube B, the axis of which 
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is precisely perpendicular to the disc. This disc is set parallel to the film under investigation, 
at an exactly determined distance from the surface, and a stream of dry air is drawn radially 
inwards between the disc and the surface and up through B, whence it passes to the absorption 
apparatus where the evaporated water is collected for weighing. 

It is essential that the air drawn shall be initially perfectly dry, and to ensure this a current 
of dry air is fed to the periphery of the disc A through the annular space C at about twice 
the rate of withdrawal, the excess passing away below the outer disc D and so excluding the 
outer air. 

The outer disc D is made accurately co-planar with A and is provided with a pointed 
adjusted screw, E, the setting of which can be read on the scale F. The evaporant as a whole 
is suspended from an adjustable flange G screwed upon the upper part of the tube B: G is 
accurately plane on the underside and rests upon the plane upper surface of the boss H, which 
can rotate smoothly and freely in the bracket J which carries it. This bracket is adjustably 
fixed by a kinematic clamp to the tripod stand K, which is provided with levelling screws. 
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To ensure that the plate A is parallel to the water surface, the whole evaporant is rotated 
about its vertical axis by turning the boss H, and the levelling screws at the base of the stand 
are adjusted until the tip of E just touches the surface in all positions. Once this adjustment 
has been made, the evaporant may be raised or lowered by turning the screw-head, or may 
be swung out of the way for cleaning the surface by swivelling, and yet can easily be returned 
precisely to its original relationship to the surface. Satisfactory results were obtained when 
the distance of the plate A from the water surface was exactly 3 mm. 

To prevent condensation of water on the inside of the evaporant when the laboratory 
temperature fell much below 20°, the temperature of the experiments, the evaporant was 
surrounded by metal tubing through which water at a temperature of 22° constantly cir- 
culated from a thermostatically controlled reservoir. 

To ensure as constant a temperature as possible for the surface of the water, a thermo- 
statically controlled trough was used. This was a shallow tray of brass (25cm. x 50cm. x 5 
mm.) coated with black Bakelite, on to the floor of which, about 2 cm. from the sides, strips 
of 5 mm. square cross section were soldered to form the sides of the trough, which is thus 
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surrounded by a shallow gutter. At 2 cm. from one end of this trough was a well 6 cm. in 
diameter and 3 cm. deep, for the surface balance. The tray, suitably weighted with lead 
strips, was fitted into a large tank, standing on three adjustable legs, which was filled with 
water and thermostatically controlled. A trough of this type is advantageous in that the 
water surface, being in a hollow, is well protected against disturbance by air currents. Glass 
plates slipped over the top of the tray exclude all dust and help to keep the temperature 
steady. When the water surface in the trough proper is swept clean by chromium-plated 
brass strips (which are used also as barriers) the excess water and impurities collect in the 
gutter and are sucked away through a tube connected to a filter-pump. The trough and 
barriers were coated with paraffin wax. This was believed to be safer than ferric stearate, 
which has been recommended but was found to dissolve gradually in the water. The general 
arrangement of the apparatus is shown diagrammatically in Fig. 2. Air from a compressed- 
air cylinder was dried by passing through tubes A and B, containing sodium hydroxide and 
phosphoric oxide, and then passed through a capillary flowmeter C, direct to the evaporant. 
By means of a fine adjustment on the cylinder head, the air-flow was kept constant. The 
moist air, drawn from the evaporant by a water-pump, passed through a weighed tube, 20 
cm. long and 14} cm. in diam. filled with phosphoric oxide, where the water was absorbed. A 
coil of resistance wire, electrically heated to about 30° above room temperature, served to 
avoid condensation of moisture on the cool surface of the glass tubing between the evaporant 
and the absorption tube. In order to flush the whole circuit before collecting the moisture, 
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the air was by-passed along D. By turning the three-way tap E, the air was drawn through 
the collecting tube, whence it passed through a capillary flowmeter K, through concentrated 
sulphuric acid to prevent back diffusion from the water-pump, through two taps G and H to 
ensure very accurate regulation of the rate of flow, and finally into a 20-litre carboy and so to 
the water pump. Since the determinations were comparative, the conditions were carefully 
standardised. Dry air was fed at about 4 1./min., and moist air was drawn from the evaporant 
at a fixed rate of 2 1./min. + 15—20 c.c.; the water surface was held at 19-5° and water 
vapour was collected for 74 mins. in each run, giving convenient magnitudes of evaporation, 
e.g., 0-11 g. from @ clean water surface. The apparatus was flushed for 2 mins. before each 
determination. These rates of flow gave a safe margin of excess air, as a blank experiment in 
which the evaporant was placed over a glass plate in laboratory air almost saturated with 
water vapour showed that the error due to back diffusion of moist air into the evaporant 
could not exceed 1% of the total water obtained from a clean water surface. Another blank 
experiment in which no current of dry air was used gave for the water collected a figure 10% 
above that obtained when dry air was fed to the evaporant and so proved that the air passing 
out of the evaporant during an experiment was still unsaturated, an essential condition for 
the success of the method. 

Having regard to such obvious potential sources of error as the effects of diffusion and 
eddying and the difficulty of maintaining constant temperatures under conditions of fairly 
rapid evaporation, it is satisfactory that the results of separate experiments with a clean 
water surface did not differ by more than + 2%. As the observed effects of surface films 
greatly exceeded this small experimental error it seems clear that the method is adequate for 
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its purpose. Since high velocities of air across the surface might conceivably disturb a film 
and so produce false results, it is important to remark that under the conditions used the 
linear velocity of the air was not high, varying from 6 cm./sec. at the periphery of the disc A 
to 40 cm./sec. at the entrance to the central tube B, and caused only a very slow motion of 
minute particles floating on a free water surface. These facts, together with the coherent and 
reproducible character of the measurements on films, seem to preclude any idea that 
mechanical disturbance of the films by the air current could have had any appreciable 
influence on the observed effects. Indeed, the fact that some films almost completely stopped 
evaporation while others had practically no effect on it seems conclusive on this point. 

The surface balance used was the modification of the Wilhelmy surface-tension balance 
described by Harkins and Anderson (J. Amer. Chem. Soc., 1937, 59, 2189). It consisted of a 
microscope slide, at right angles to which at one end a portion of another slide about 1”’ 
square had been sealed to act as a damper. The slide was suspended from a small balance 
pan which hung from one arm of a balance, to the pointer of which a galvanometer mirror 
had been attached. Any displacement of the balance was measured by an optical lever. The 
slide was suspended so that it was half immersed in the water in the well of the trough, and 
the balance was adjusted by a counterpoise until it was in equilibrium. The weight of the 
slide was balanced by the upthrust of the water plus the surface tension. Any alteration of 
the surface tension resulted in a movement of the slide until the new upthrust just balanced 
the changed surface force. The slide was calibrated by putting weights on the pan equal to 

the largest force to be measured, and then gradually removing 

Fic. 3. the weights while noting the deflection of the spot of light 

reflected from the galvanometer mirror on a scale 1 m. 

away. In these circumstances, a change of surface tension 

(or a surface pressure) of 1 dyne/cm. gave a deflection of 
about 5 mm. 

Harkins and Anderson have claimed that this method 
is as accurate as the Langmuir—-Adam surface balance, and 
it has the decided advantage that as there are no floating 
barriers, there is no possibility of the measurements being 
affected by leakage past them. It must be emphasised, 
however, that the satisfactory working of this type of 
balance depends upon the constancy of the contact angle 

Water in between the slide and the water. For pure water against 
clean glass, this may safely be taken as zero, and the same 
assumption may be made when a film covers the water under 

Wall of trough : low surface pressure. For some films under high compression, 

go however, there is a danger that films may build up on the 

glass, with consequent change in contact angle and complete 

failure of the balance. For this reason, a careful watch had to be kept on the line of contact; 
in bright illumination it was easy to observe when the contact angle was no longer zero. 

Films of alcohols, even under high pressures, behaved well, and did not alter the contact 

angle, but fatty acid films were less reliable, and the dangerous range of pressure became 
lower as the chain length increased. This difficulty was partly overcome by ensuring that 
measurements were always made with the slide emerging from the water, giving a receding 
contact angle, but in spite of this the absolute values of the higher pressures for the higher 

fatty acids must be viewed with caution. e 

To secure constancy of contact angle it was of the utmost importance to ensure that the 
slide was perfectly clean and it was therefore always kept in chromic-nitric acid cleaning 
mixture when not in use. It was found that the best way to clean the slide once films had 
built up, was by washing it first in absolute alcohol, and then at once in chromic-nitric acid 
mixture. When so treated the slide was immediately ready for use again. 

Because the balance records only differences of surface tension between pure water and 
water with a film on it, every experiment began with the slide dipped into clean water, and 
the zero reading on the balance was taken before the film was added. Changes of level 
(which would, of course, change the zero) were avoided by means of the device shown in Fig. 
3, which was immersed in the trough and clamped so that the fine pointer, made of blue glass, 
just touched the surface of the water. When water evaporated, the level was readjusted to 


the pointer by adding water through the funnel: as the water entered below the surface, it 
did not affect the film. 
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Except for the proteins, the film-forming substances were spread from dilute benzene 
solution. The benzene was prepared by shaking crystallisable benzene with concentrated 
sulphuric acid and then with sodium hydroxide, drying it over sodium, and finally distilling it 
in a vacuum at room temperature. Such benzene was free from all surface-active substances, 
though it still spread on water. Its purity was verified by spreading several drops on clean 
water between two barriers: on bringing the barriers together no deflection of the balance 
was noted. The purity of the film-forming substances was checked by m. p. determinations. 
The films were spread by the usual method between two barriers on the clean surface of water 
maintained at py 7-0, care being taken always to ensure that the film present was less than 
was necessary to cover the surface completely with a monolayer. By slowly moving up one 
barrier the film was gradually compressed, and when the pressure was relatively steady, the 
evaporant was put in position over the film and a run was commenced. At low pressures the 
pressure remained comparatively steady, but at higher pressures there was a definite fall in 
pressure during a run, and the pressure recorded for the run was the mean of the initial and 
final values. This fall in pressure, which is not due to leakage, is fully discussed in the 
following communication. For some films at high pressures, the drift in pressure became so 
rapid as to impose a natural limitation on the pressures to which the survey could be extended. 

The quantity of water, g,, evaporated in a given time through a film, compared with the 
quantity, g,, evaporated in the same time under identical conditions from a clean water 
surface was expressed as a percentage, Q, and values of Q were determined at various surface 
pressures. The table gives a typical series of data obtained with n-docosanol, the substance 
which permitted determinations over the widest range. These results and corresponding 
series of values for acids and alcohols are summarised in the curves recorded in Figs. 4 and 5 


respectively. In drawing these curves numerous points which lie along the 100% line have 
been omitted for the sake of clarity. 


Pressure, dynes/cm. 0 3 7-7 97 133 162 230 330 420 480 
Quantity of water 


evaporated, g. ... 0-114 0-110 0-101 0-089 0-045 0-027 0-020 0-017 0-009 0-001 
Q = 1009, /9, 96 88 17 39 23 17 14 9 1 


From the curves it is at once apparent that the resistance offered by surface films to the 
evaporation of water is an interesting and significant property, the magnitude of which 
depends upon the nature of the film and is, in most cases, very largely influenced by change 
of surface pressure. On further consideration it is seen that the resistances of the several 
films cannot be correlated with their physical states. Cetyl alcohol, for example, gives what 
is generally regarded as a liquid film, even though it is condensed at pressures above about 7 
dynes/cm.; egg albumin, on the other hand, is generally regarded as giving a solid film, 
because the molecules have sufficient lateral adhesion to prevent ready diffusion. Yet 
albumen has no measurable effect on evaporation, even when compressed to 21 dynes/cm. ; 
whereas above 22 dynes/cm. cetyl alcohol produces a marked reduction. It should be 
explained that, as the albumin film is very compressible, the size of the trough did not permit 
measurements above a pressure of 21 dynes/cm. with this substance. 


From the information at present available, it seems that the effects of films in 
diminishing the rate of evaporation of water from a surface fall into two classes differing 
considerably in their order of magnitude: first, the effects noted by Rideal, occurring at 
low surface pressures, which are so small that they fall within the normal error of 
experiments with the evaporant; and secondly, the relatively very large effects with 
which the present experiments are concerned. 

The latter effects are highly specific: inappreciable for some substances, quite large 
for others. Also they are observed only above a critical surface pressure which appears 
to be characteristic for each substance. A curious feature of this resistance, for which 
no explanation can yet be offered, is that it rises to a considerable magnitude, and does so 
rather suddenly, at a surface pressure much beyond that at which the film loses its 
initial compressibility. It might have been expected that when the molecules in the film 
become so closely packed as to allow of little further compression the resistance of the 
film to the passage of water would approach a maximum value, but this is not the case. 
For example, examination of the force-area curves obtained by previous authors shows 
that stearic acid becomes relatively incompressible on alkaline solution at a pressure of 
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3 dynes/cm., and on fresh distilled water at 15 dynes/cm.; yet such films offer no 
substantial resistance to evaporation at pressures less than 20 dynes/cm. Cetyl alcohol 
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becomes incompressible at about 6 dynes/cm., yet again there is no material resistance to 
evaporation below a pressure of 20 dynes/cm. Cholesterol, which gives a practically 
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incompressible film at very low pressures, offers no resistance at all to evaporation even 
at a pressure of 35 dynes/cm. 

It appears that the effect of hydrophilic groups in the chain is to increase the ease 
with which water molecules escape. It is found, for example, that proteins and the 
unsaturated acids, oleic and elaidic, show no resistance. Increased length of chain lowers 
the pressure at which the resistance effect is first observed, as is demonstrated by 
comparing the curves for arachidic and stearic acids, and also for the three alcohols, 
docosanol, octadecyl alcohol, and hexadecyl alcohol. The effect of the long chain in 
brassidic acid is partly counteracted by that of the hydrophilic double bond in the 
chain; hence its intermediate position. 

The curves afford an obvious explanation of the apparently anomalous behaviour of 
cetyl alcohol reported by Langmuir and Langmuir, and show why these authors did not 
notice that the resistance of stearic acid may be even more marked than that of cetyl 
alcohol. All previous workers used films in equilibrium with excess of the film-forming 
material. Under these conditions stearic acid does not give a pressure large enough for 
the resistance to be important. In this way Rideal obtained a surface pressure of 5 
dynes/cm. at 25° for stearic acid; by spreading it from a benzene solution, we have 
obtained a pressure of about 20 dynes/cm., which is thus very near, but still below, the 
critical pressure. Cetyl alcohol, however, spreads to give naturally a surface pressure of 
over 40 dynes/cm., which is well beyond the critical value, and it was for this reason that 
Langmuir and Langmuir were able to notice its exceptional behaviour. Adam (‘‘ The 
Physics and Chemistry of Surfaces,’ 1938, p. 104) has drawn attention to the curious 
order of the resistance noticed by Rideal, who found that stearic, lauric, and oleic acids 
reduced evaporation in a vacuum at 25° by 28-1, 42:4, and 52-5% respectively. It seemed 
strange that lauric acid, having a shorter chain than stearic acid, should have a more 
marked resistance, and that the expanded film of oleic acid should have a greater 
resistance than the condensed film of stearic acid. If, however, the assumption is made 
that there is a definite relationship for any particular film between the surface pressure 
and the resistance, even with respect to this small effect, Rideal’s results are quite 
reasonable, as he worked with surface pressures of 5, 26-3, and 29-1 dynes/cm., for 
stearic, lauric, and oleic acid respectively. 

The data as yet available are inadequate to suggest a clear conception of the way in 
which a film hinders evaporation. The fact that the resistance becomes really marked 
only at high pressures may perhaps be explained by assuming that the surface layer 
contains water in addition to the film-forming substance. It may be that, in considering 
the properties of surface films, it would be generally useful to regard the films as a 
solution of water in the film-forming substance, in equilibrium with a solution of the 
film-forming substance in the water substrate. This suggestion is amplified in the 
following communication, where it is used to explain why surface pressure is so important 
a factor in solubility. If it be assumed that the effect of increasing the surface pressure 
is to squeeze water molecules back into the substrate, then, since there are fewer water 
molecules in the surface, the rate of evaporation would be reduced. On this view, 
hydrophilic groups in the chain would increase the solubility of water in the film, and 
hence reduce the resistance so that a higher pressure would be required to get the effect, 
observed at a lower pressure with a film of the same chain length but without the 
hydrophilic groups in the chain. The difference, of the order of 10%, found between the 
cross-section of the molecule as calculated from force—area curves and as calculated from 
X-ray data may possibly be explained by the presence of water molecules trapped in the 
film, rather than by the tilting of the molecules, which has been suggested. 

It is of interest to record that the same technique was used to investigate how a 
relatively thick film of lubricating oil (of the type called “ indicator oil” by Langmuir) 
affects the evaporation. It was found that a film just thick enough to show the first 
interference colours had a Q value as high as 97%, and even when the film was so thick 
that interference colours could no longer be seen, the Q value was still 27%. This is 
remarkable, and shows that a greater resistance to evaporation can be obtained with a 
closely packed film one molecule thick than with an indicator oil film of the order of 100 
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molecules thick. It is hoped that further work may afford some explanation of this 
curious fact. 


We thank the Royal Commissioners for the Exhibition of 1851 for a scholarship which 
enabled one of us (F. S.) to undertake this research and Imperial Chemical Industries Ltd. 
for a grant. We are much indebted also to Prof. Hilditch for the gift of certain pure film- 
forming substances. 
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22. The Variation of the Solubility of Unimolecular Films with Surface 
Pressure, and its Effect on the Measurement of True Surface Pressure. 


By F. Sessa and H. V. A. BRISCOE. 


Measurements of the surface pressure developed in films in presence of excess of the 
film-forming substance, made with a Harkins—Anderson surface balance, showed that, 
contrary to the belief of previous workers, this pressure is not constant. Investigation 
of its variation with time for cetyl alcohol on water at pg 7-0 disclosed curious changes 
which are attributed to the combined effect of progressive solution of the film and 
varying immersion of the floating islands of excess alcohol. After the film has been 
swept off completely, bubbling of air through the water brings a film of cetyl alcohol to 
the surface, proving that solution has occurred. With octadecyl alcohol the pressure 
rises to a maximum and then falls progressively. This effect is not observed if the water 
is previously saturated with the alcohol. 

Stearic and palmitic acids are similarly soluble, the latter very rapidly, in water at 
pu 7-0, but much less soluble in n/100-hydrochloric acid. The solubility of a mixed film 
of stearic acid and cetyl alcohol (1: 5) is less than that of either substance alone. 
Soluble films were also given by cholesterol, by proteins, and by oleic, elaidic, brassidic, 
and erucic acids. The solubility of arachidic acid was slight, and that of m-docosanol 
barely detectable. 

It is suggested that unimolecular films in general may be regarded as saturated 
solutions of water in the film-forming substance in pseudo-equilibrium with underlying 
solutions of that substance in water which progressively decrease in concentration 
with depth. 


In the course of experiments on the effect of unimolecular surface films in reducing the rate 
of evaporation from the water substrate, it became necessary to measure the surface 
pressure exerted by a film in equilibrium with excess of the solid film-forming substance. 
Cary and Rideal (Proc. Roy. Soc., 1925, A, 109, 301), who studied the spreading of long- 
' chain solids, found that at a given temperature the surface pressure of such a film had a 
definite value F,. Our preliminary experiments, however, raised some doubt as to the 
constancy of this pressure, and so a more detailed study of the matter was undertaken. 

The trough used, and the surface balance which was of the Harkins—Anderson type, 
have been fully described in the preceding paper. The substrate was distilled water, 
buffered to ~, 7-0 with sodium bicarbonate, and kept at a constant temperature of 19-5°, 
‘The benzene was purified as described in the preceding paper. 

To facilitate the rapid attainment of equilibrium, the solid surface-active substance was 
dissolved in benzene, and small drops of the solution were placed on the clean water surface 
from a micro-pipette. The drops immediately spread to form a unimolecular sheet, the 
benzene evaporating. When the surface was completely covered with film, the excess 
solution remained, either as one small lens, or as a number of smaller lenses which tended to 
coalesce whenever they approached one another; after a few minutes the benzene evapor- 
ated, leaving little islands of the surface-active material, and it was assumed that under 
these conditions the constant pressure F, (see above) would be observed. It was found, 
however, that the final pressure varied considerably within a certain range, and appeared 
to depend on the total quantity of solid on the surface. It seemed likely, then, that the 
pressure was not a true equilibrium pressure, and for that reason its change with time was 
investigated. 





— © © © © sr Ww 


om - 


— 
_ 












[1940] Solubility of Unimolecular Films with Surface Pressure. 115 


In every case, exactly the same quantity of benzene solution was placed on the water 
surface, and the surface pressure taken at one-minute intervals. When pressure was 
plotted against time, cetyl (hexadecyl) alcohol gave curve 1 in Fig. 1. The pressure A was 
reached immediately an excess of the benzene solution was placed on the surface and 
corresponds to the pseudo-equilibrium between a benzene solution of given concentration 
and a unimolecular layer of cetyl alcohol on the water. From A to B the benzene was 
evaporating, and hence with increasing concentration in the solution the cetyl alcohol 
exerted an increasing pressure. At B it is presumed that all the benzene had evaporated, 
leaving pure cetyl alcohol. The alcohol left floating on the surface as a large drop was 
usually liquid although its m. p. (495°) is much above the temperature of experiment 
(19-5°) ; this is probably due to the retention of small traces of benzene which do not easily 
evaporate, and this phenomenon is believed to be responsible for the curious curve obtained 
for cetyl alcohol, which is unlike those given by the other substances. 
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The drop in pressure from B to C is the most interesting feature : it is due to solution of 
the cetyl alcohol in the water. As the balance used employed no floating barriers, the 
possibility of leakage was eliminated, and three other possible explanations of the fall in 
pressure remain. (1) The effect of the benzene was to increase the spreading force of the 
cetyl alcohol, and when it had evaporated the pressure fell to the value representing the 
true spreading force of cetyl alcohol; (2) the alcohol was evaporating into the atmosphere ; 
or (3) it was dissolving in the water. The first possibility seems inconsistent with the 
curious repetitive nature of the curve. As to the second possibility, it seems very improbable 
that a heavy molecule of such high b. p. should be readily volatile even when in a uni- 
molecular layer, as it is presumably anchored by the hydrophilic hydroxyl group; Hardy 
(Proc. Roy. Soc., 1913, A, 88, 315) stated that ethyl cinnamate, a substance of quite high 
b. p., evaporates very rapidly when spread on water, but in view of the results here reported, 
it may well be that this observation is to be attributed rather to the solubility of the film. 

That the drop in pressure is in fact due to the solubility of the cetyl alcohol is proved by 
the following experiment. A film of cetyl alcohol was left in equilibrium with excess bulk 
cetyl alcohol for some hours, and then the surface was thoroughly cleaned by passing 
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barriers over it. The trough was covered, and left overnight. Next morning the cleaned 
balance slide was immersed in the liquid, and the barriers placed in position at either end 
of the trough. On reduction of the area between them, the motion of the balance soon 
showed that there was a film on the surface. A blank experiment gave no such film, and 
thus eliminated the possibility that there might be accidental contamination, or migration 
of surface-active material from the sides of the trough. 

It is understandable that, although the dissolution from the film may be comparatively 
rapid, yet once the substance is in solution, the rate of its return to the surface may well be 
much less, being dependent on diffusion and convection. In order to hasten this process 
clean air was bubbled through the water. The cetyl alcohol which had been spread on the 
surface was first cleaned off by barriers, and it was then found that after air had been bubbled 
through for ten minutes, sufficient cetyl alcohol was brought up by the bubbles to show that 
some had certainly been held in solution. It seems that there must be an equilibrium 
between the amounts of cetyl alcohol in the surface and in the solution. The effect of 
blowing in air is to produce large surfaces in the body of the liquid, so that the chances of the 
dissolved cetyl alcohol becoming adsorbed on a surface are increased. These surfaces then 
rise to the true water surface where the cetyl alcohol remains until its surface concentration 
is high enough to send some back again into the bulk of the liquid. 

The curious rise in pressure, CD, which is very rapid, was difficult to understand until 
the behaviour of the lens of cetyl alcohol was carefully observed. When the pressure B is 
reached, this lens is pushed so far below the surface that the spreading from it is at a mini- 
mum, and with no substance to replace that going into solution, the pressure fell along BC. 
The explanation of this depends upon the fact that a body afloat on water is subject to the 
upthrust of the water on the part immersed, and to the surface tension acting along its 
perimeter. If there is an obtuse contact angle, as is the case when the substance is not 
wettable, any decrease of surface tension is equivalent to a force acting on the body in a 
direction opposite to the upthrust. In the case of cetyl alcohol, when the pressure B is 
reached, the surface force acting on the lens is sufficient to overcome the upthrust of the 
water and the lens is further immersed. At C, however, the lens broke through to the 
surface, and the cetyl alcohol rapidly spread again to give the new pressure D, which is 
slightly less than B owing to the smaller size of the lens. This affects the pressure in two 
ways: (1) If the film is constantly going into solution, the pressure is always a balance 
between the rate of spread from the lens and the rate of solution; and as the rate of spread- 
ing from the lens is proportional inter alia to the perimeter, the smaller lens produces a 
smaller surface pressure. (2) A smaller lens means a smaller upthrust; hence a smaller 
surface pressure will force it under the surface of the liquid. 

This fluctuation will presumably continue until the lens has completely spread to a 
unimolecular film. The considerable difference between B and C is difficult to explain, 
but it may be due to the difference between a receding and an advancing contact angle. 
If the lens is disturbed by a platinum wire before the minimum is reached it immediately 
comes to the surface and spreads. 

Octadecy]l alcohol [Fig. 2 (1)] does not behave in quite the same way. Being an alcohol 
with a longer chain than cetyl alcohol, it exerts a lower maximum pressure, and this is not 
big enough to push the lens under the surface; for that reason there is simply one maximum. 
There is the usual rise in pressure as the benzene evaporates, and after the maximum is 
attained, the pressure falls at a decreasing rate until it becomes almost constant. This 
corresponds to the point at which the octadecyl alcohol is dissolving as rapidly as it spreads 
from the bulk phase. It is noteworthy that if some benzene is now added to the bulk 
octadecyl alcohol, the pressure falls to the equilibrium value for the benzene solution, 
rising again as the benzene evaporates to almost the same maximum pressure, and falling 
yet again, more slowly, to a pressure higher than that previously observed. Repetition 
of this process raises the final pressure still more [Fig. 2, curves (1)—(5)]. On sweeping 
the surface clean, and starting with a fresh quantity of alcohol, the whole sequence of curves 
could be repeated again. Repeated applications of benzene resulted in a film which only 
dissolved very slightly [Fig. 2, (5)] but it was not possible to obtain a film which did not 
dissolve at all. It would appear that if the water is not disturbed, a concentration gradient 
for the alcohol is developed rahging from a saturated solution at the surface to a very dilute 
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one lower down. The final pressure observed is an arbitrary resultant dependent, inéer alia, 
on the rate of spreading, the rate of solution, and the rate of diffusion of the dissolved 
alcohol away from the surface. Sweeping the surface clean disturbs the water, and assists 
in equalising the concentration of dissolved alcohol throughout the water. 

It would seem that the film on the surface is not a sharply defined unimolecular layer, 
but rather, a less definite layer of pure surface-active substance in which a small quantity 
of water is dissolved ; from this there is a gradual transition to pure water in which a small 
quantity of surface-active material is dissolved. 
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The fact that the film is dissolving even in the region in the above curves when the 
pressure remained constant, was shown by spreading a unimolecular film of octadecyl 
alcohol on water without any excess, and compressing it between barriers to the maximum 
pressure previously noted. The pressure fell rapidly at first [Fig. 3, (1)], and later more 
slowly at a constant rate. On recompressing the film again to the same pressure, the 


pressure fell as in curve (2), and on a further repetition of the process as in curve (3). This 
agrees well with the previous observations. 
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The final proof that the phenomenon is due to solution was obtained by spreading a 
film on a saturated solution of octadecyl alcohol, prepared by adding a solution of this 
alcohol in 1 c.c. of absolute ethyl alcohol to 2 1. of water. The octadecyl alcohol was 
precipitated in a very finely divided form, and the solution was shaken for one hour. A 
film spread on this solution showed no drop in the final pressure over a long period 
[Fig. 2, (6)]. 

It must be emphasised that the quantities dissolved are always very small. With 
incompressible condensed films such as are here used, a small quantity of substance would 
make an appreciable difference to the surface pressure, but it was not considered that the 
slope of the normal force—area curves in this region was sufficiently accurately established 
to justify any calculations. Since, however, a fraction of a mg. of solid was sufficient to 
cover the surface of the liquid with a unimolecular film, and there was 1 1. of water as the 
substrate in the trough, it follows that the solubility is infinitesimal. 
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Fatty acids showed a similar solubility at , 7-0. Palmitic acid dissolved so rapidly as 
to preclude any accurate work on its effect on evaporation, for which a surface pressure 
constant for 10 minutes was necessary. Similarly, stearic acid at pg 7-0 is soluble. On 
n/100-hydrochloric acid, however, it is apparently insoluble [Fig. 1, curves (3) and (4)]. 
Cary and Rideal (loc. cit.) recognised this solubility, for they worked on acid solutions in 
order to prevent what they called ‘‘ soap formation.” 

Though both cetyl alcohol and stearic acid give soluble films on water of py 7-0, a 
mixture of them in the ratio 5:1 gives a curve of different characteristics if spread from 
excess solid [Fig. 1, (2)]. If the mixture is compressed between barriers to give the maxi- 
mum pressure reached, the pressure very gradually falls, though not so rapidly as with 
either of the single substances. The maximum reached in the presence of excess solid is 
almost exactly that obtained as the maximum for cetyl alcohol alone. The effect of the 
added stearic acid, then, is to increase the rapidity of spreading from the solid, as well as to 
reduce the rate of solution from the film. The island in this case was solid, not liquid, 
so it was not forced under the surface of the water. This may account for the constancy 
of the pressure reading. This effect of mixing films offers an explanation of some curious 
phenomena. It had been noticed that mixed films of stearic acid and cetyl alcohol gave 
higher pressure readings than either of the pure substances. It is now obvious that the 
pressure readings obtained for the pure substances were really low owing to solubility, and 
that the addition of a second substance has the effect either of reducing the solubility of the 
first or of so disturbing the crystal forces as to increase the rate at which the film spreads 
from the solid, thus more readily compensating for the effect of solution. 

In the course of the experiments it was observed that soluble films are given by 
cholesterol, proteins, and oleic, elaidic, brassidic, and erucic acids. For arachidic acid the 
solubility was slight, and for n-docosanol it was barely detectable. 

As already indicated, the results suggest that in some cases it may be more profitable 
to consider a unimolecular film, not as a simple film of the substance spread, but as a 
solution of water in that substance in equilibrium with underlying solutions of the film- 
forming substance in water. The relationship between the concentration in the surface 

1 dF ‘ 
RT ° dinc ine’ and it 
follows that an increase of F must increase the concentration in the bulk of the liquid. 
Szyszkowski (Z. physikal. Chem., 1908, 64, 385) for the soluble fatty acids, and Schofield 
and Rideal (Proc. Roy. Soc., 1925, A, 109, 57; 1926, A, 110, 167) for those from C, to C,, 
have shown that the Gibbs equation can be applied. Addink (J. Chem. Physics, 1934, 2, 
574) has recorded observations of force—area and surface potential curves for myristic acid 
showing slow changes with time, which could be followed for several hours by the change in 
phase-boundary potential and were attributed in part to the effect of solution. He 
inferred, as we do, that the film contains water and that the water content is reduced by 
increase of surface pressure. 

The cases here dealt with are limiting cases where the concentration in the aqueous 
solution is very low, and in the case of docosanol the solubility is so low that the concen- 
tration in the water may be considered as zero. 

There is thus a complete sequence from the very soluble short-chain compounds whose 
concentration in the surface phase is low, though detectable, through the appreciably 
soluble ones up to about C,,, then through those from C,, to about C,, where the bulk 
of the substance is in the surface but with a slight concentration in the water phase, to the 
completely insoluble compounds with over 20 carbon atoms in the chain, where the 
concentration in the water is negligibly small. 


and that in the bulk, derived from the Gibbs adsorption equation, is T = 


We thank Professor T. P. Hilditch and Professor A. C. Chibnall for kindly supplying some 
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Synthetic Immunochemistry. 


A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON NOVEMBER 16TH, 1939. 
By C. R. HARINGTON. 


WHEN the body is invaded by a poisonous substance of simple chemical nature it frequently 
responds by calling into play one or other of certain well-recognised mechanisms of de- 
toxication. Thus it is a familiar fact that in the course of ordinary metabolism toxic 
phenolic substances which are formed by bacterial action in the intestines and are thence 
absorbed into the blood stream are detoxicated by conjugation in the liver with sulphuric 
acid or glycuronic acid into esters which are non-toxic and can be easily excreted by the 
kidney; again, poisonous aromatic acids such as benzoic acid are commonly detoxicated 
by conjugation with the amino-acid glycine to form the harmless excretory product, 
hippuric acid. 

It is my purpose in this lecture to present the evidence that the reactions of immunity 
represent defence mechanisms on the part of the body which do not differ in principle 
from the simple chemical detoxications which I have mentioned, although they show in 
detail an enormously greater subtlety and complexity in proportion to the greater com- 
plexity of the agents which bring them into action; I hope further to show that there 
is a possibility of utilising the known facts of immunochemistry to develop a new means 
of attack on certain fundamental problems of pharmacology. 

The person who has not made a special study of the science of immunity will probably 
think of immune phenomena in terms of his everyday experience; he will know, for 
instance, that if he has had an attack of an infectious disease such as measles in childhood, 
he is, practically speaking, safe against a subsequent attack of the same disease; he will 
know also that in some cases such security against infection can be artificially produced, 
as in vaccination against small-pox, inoculation against typhoid fever and immunisation 
against diphtheria ; he may finally be aware that protection, which is of a transient character 
only, can be afforded by introducing into the body the blood serum of an animal or human 
being who has been infected, a phenomenon which is well illustrated by the modern 
prophylactic treatment of measles with the blood serum of patients recently convalescent 
from the disease. 

If he has thought on these lines he will have considered some of the most fundamental 
features of the process of immunisation. The immunity which is produced by an attack 
of a disease or which can be produced artificially by deliberate introduction into the 
body of dead or attenuated pathogenic micro-organisms or of their metabolic products, 
as in the various methods of inoculation, is known as active immunity; its production 
shows that invasion of the body by such micro-organisms or their products can call into 
play a defence mechanism by means of which the pathological effects of the invading 
organism (or product) can be overcome. The fact that transient protection can be con- 
ferred on an individual by the blood serum of another who has defeated the infection 
(passive immunisation) further indicates that the defence mechanism is transferable and 
therefore presumably involves an actual change in the blood of the infected person. 

That a real change does take place in the blood of a person infected with a pathogenic 
micro-organism can in fact usually be demonstrated by one or other of a series of test-tube 
reactions. A familiar example is the agglutination reaction; thus typhoid bacilli will, 
under proper conditions of pq and electrolyte concentration, form a stable suspension ; 
if such a suspension be mixed with normal blood serum its stability will be undisturbed ; 
if however it be mixed with the serum of a patient who has, or has recently had, typhoid 
fever, or who has been inoculated against typhoid the suspension will become unstable 
and the organisms will agglutinate and eventually precipitate. In other cases the immune 
serum may be found to form a precipitate with a soluble fraction or metabolic product 
of the infecting organism; in still others the infecting organisms may be dissolved by 
immune sera prepared against them. The last-mentioned reaction is more complex than 
the other two in that it involves the participation of a heat-labile substance which is 
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present in normal serum and is known as complement; this is possibly of enzymic nature 
and it possesses the property of being “ fixed”’ or removed from the sphere of action 
whenever reaction occurs between an immune serum and the substance which gave rise 
to its production, a property which makes it of the greatest value for the detection of 
immune reactions which cannot be demonstrated in the other more obvious ways. Since 
the details of the complex reaction of complement fixation have no direct bearing on the 
main theme of this lecture, they will not be further discussed in this place. 

Now so far we have only considered immune reactions which are brought about by 
the introduction into the body of pathogenic micro-organisms or their metabolic pro- 
ducts; many other substances, however, are able to elicit reactions of a precisely similar 
type and the general term antigen is used to describe any substance which, when intro- 
duced into the deeper tissues of the body, is able to call into play a reaction which can 
be demonstrated by an altered behaviour of the blood and tissue fluids to this substance ; 
since it will be clear from what I have already said that the process involves a chemical 
alteration in the blood or tissue fluid, the altered behaviour may be hypothetically identified 
with a new or altered constituent of these fluids which may be designated an antibody. 

In the most general manner it can be stated that all material of a protein character 
which is foreign to the body is potentially antigenic and conversely that it is still uncer- 
tain whether an immune reaction has ever been produced against a substance which is 
free from protein. Thus the injection of foreign cells, such as the erythrocytes of another 
species, gives rise to an antiserum which has the power to dissolve these cells; on the 
other hand the antiserum obtained by injecting a soluble foreign protein such as egg- 
albumin shows specific precipitation with the antigen up to high dilutions. 

It is convenient at this stage to summarise the common ways in which the antigen- 
antibody reaction may be demonstrated in the test-tube (see Table I). 


TABLE I. 
Reactions observed in vitro between antigens and antisera. 

Stage of antigen. Antigen—antibody reaction observed. Example of antigen. 
Dissolved Precipitation Foreign protein 
Dissolved Neutralisation Bacterial toxin 
Particulate Agglutination Pathogenic bacteria 
Particulate Lysis Foreign erythrocytes 


If the antigen is dissolved, as in the case of a soluble foreign protein, the reaction will 
frequently be demonstrable as a precipitation; if in addition the antigen has poisonous 
properties (¢.g., diphtheria toxin), these will be neutralised by admixture with an appropriate 
amount of the antiserum. If the antigen is particulate, one of two things may occur, 
examples of both of which have already been mentioned; thus an antigen consisting of a 
suspension of pathogenic bacteria may be agglutinated, whilst one consisting of a suspension 
of foreign erythrocytes may be dissolved. 

The question next arises as to the nature of the participant in these reactions which 
is formed in the body, that is to say, the antibody; what sort of a compound is it, where 
does it come from, and is it one and the same type of compound in all cases or do different 
types of antibody exist, corresponding to the different immune reactions? The answers 
to these questions are fraught with some uncertainty, but it can at least be stated with a 
fair degree of confidence that antibodies are proteins and that they are not only constantly 
associated with the blood serum globulin but that they are probably altered forms of 
that protein. The question of the unity or diversity of types of antibody is still more 
uncertain; in this connection it is only possible to say that the antigen-antibody reaction 
presents the ordinary features of a colloid~chemical interaction, and that it is at least 
possible that all antibodies are of the same type, the different manifestations of their 
action being no more than a reflection of the difference in physical state of the antigens 
with which they react. 

There is, however, one feature of immuno-chemical reactions which sets them in a 
class apart from all others and that is their very high degree of specificity. In so far as 
pathogenic organisms are concerned this specificity is a matter of common knowledge; 
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it extends, however, through the whole class of antigenic substances, and it is with the 
factors which determine specificity that this lecture is chiefly concerned. 

Before proceeding to the detailed discussion of this question it is necessary to amplify 
somewhat the general statement that all foreign proteins are antigenic; by the ordinary 
definition of the term protein this statement is not strictly true. It is clear that one 
necessary characteristic of an antigenic substance is that it should possess a very high 
molecular weight; nevertheless molecular weight as such does not seem to be the deter- 
mining factor in the antigenicity of proteins; a protein of low molecular weight, such as 
egg-albumin, for instance, is a stronger antigen than the high-molecular casein. Rather 
does it seem that molecular integrity is the decisive requirement; thus it is difficult to 
imagine that in the early stages of the degradation by enzymic or other means of high- 
molecular proteins fragments will not be present which exceed egg-albumin in molecular 

itude; nevertheless such early stages of breakdown are invariably associated with 
the total loss of antigenic power. 

The amino-acid composition of a protein may also be of importance in relation to its 
antigenic capacity: The great majority of natural proteins contain in their molecules 
most of the known amino-acids, although in varying amount; certain proteins, however, 
are almost or entirely deficient in one or more amino-acids and it therefore becomes 
possible to decide whether these amino-acids are essential components of an antigen. 
The one fact which emerges with certainty from studies of this kind is that the presence 
of the amino-acid tyrosine is essential. 

Antigenicity among proteins is also influenced in a general way by the biological func- 
tion which the proteins fulfil. In this respect the sharpest contrast is to be observed 
between what may be called the metabolic proteins on the one hand and the hormonal 
proteins on the other, the storage and structural proteins occupying an intermediate 
position. The metabolic proteins, as typified by the proteins of blood serum, exhibit 
both antigenic power and specificity in the highest degree; not only is the blood serum 
of one species strongly antigenic to other species to within very close degrees of relation- 
ship, but the individual proteins of the blood can also be easily distinguished from one 
another immunologically. Some overlap does of course occur, as, for instance, between 
man and the higher anthropoid apes, between the dog and the wolf, and between the 
horse and the ass; in such closely related pairs mutual antigenicity between species is 
weak or non-existent ; in general, however, the specificity exhibited is astonishingly high. 
Storage proteins such as the casein of milk and structural proteins such as the protein of 
the eye-lens and keratins on the other hand show a different behaviour; they are indeed 
antigenic, even to the extent of acting as antigens in the species from which they are 
derived; on the other hand they exhibit little or no species specificity, antisera prepared, 
for instance, against eye-lens proteins from a number of unrelated species of animals 
being indistinguishable from one another; this lack of species specificity is obviously 
correlated with the fact that proteins of this type have biological functions which are 
common to the different species from which they are obtained. The extreme position is 
occupied by hormonal proteins, which not only fulfil the same function in different 
species but are themselves present in the deeper tissues of the body; the obvious example 
of this class is insulin, which, although it satisfies the criteria for an antigenic protein in so 
far as its molecular weight and amino-acid composition are concerned, exhibits no anti- 
genic properties whatever. The evidence as to the antigenic properties of thyroglobulin 
is open to question owing to the difficulty of purification; it is at any rate not a strong 
antigen and it is possible that if it could be properly purified by crystallisation it would 
be found, like insulin, to be non-antigenic. 

We may summarise, then, by saying that the present state of knowledge indicates 
that a foreign protein will be antigenic so long as it is intact in structure and so long as 
its complement of amino-acids includes tyrosine, provided always that it has no specialised 
hormonal function. Antigenic power and antigenic specificity will be quantitatively 
influenced by the normal function of the protein, being most highly developed in proteins 
which are involved in active metabolism and much less so in those concerned with storage 
and structure, 
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It is difficult to imagine any explanation of the sharp difference to be observed between 
the immunological specificities of proteins other than one based on variations in their 
chemical structure. It is highly probable that the structure of the protein as a whole 
plays a part in this matter; thus it is possible to distinguish immunologically between 
such closely related proteins as the albumins of the eggs of the duck and the hen; in 
this case no difference between the proteins is detectable by the ordinary methods of 


chemical analysis in so far as their amino-acid contents are concerned, and it is only by " 


racemisation experiments that a suggestion is obtained that the relative arrangements 
of certain amino-acids are different in the two cases, so that it must be assumed that a 
small intramolecular rearrangement is sufficient to modify specificity. Much more 
definite information can be obtained, however, by studying the effects of various reagents 
on proteins in respect of the immunological reactions of the latter. 

The molecules of all proteins contain certain functional groups which can be modified 
by the action of chemical reagents without disruption of the molecule as a whole; such 
modifications may alter the chemical and biological behaviour of the protein and may 
thus give an indication of the groups which are responsible for the specific properties of 
the latter in its original state. Thus it has been possible to deduce that the biological 
activity of insulin is determined in part at least by the phenolic groups of the tyrosine 
which it contains, since the action of reagents which modify these groups renders the 
protein inactive, and further examples of the same kind are known. 

In order that experiments of this type should lead to valid deductions certain points 
have to be borne in mind. In particular it is essential that the action of the reagent 
employed should be specific; neglect of this requirement has led to much confusion. It 
is impossible, for instance, to draw any useful conclusions from the fact that the behaviour 
of a protein is altered by the effect of such reagents as acid and alkali which may attack 
many parts of the molecule; on the other hand examples will be given later in which 
clear evidence is available that the modifying reagent employed is confined in its action 
to certain specific groups; in such cases it is justifiable to conclude that any alterations 
in the behaviour of the modified protein are due to the modification induced in these 

- groups. It is clear that any deductions made from the results of artificial modification 
of a protein will gain greatly in value if the modification is reversible in character; in at 
least one case such reversibility has been observed, namely, in the inactivation of insulin 
by iodination, followed by restoration of activity by deiodination of the inactive product ; 
however, the immunological behaviour of proteins is affected by such extremely small 
chemical alterations that the ideal of reversible changes in immunological properties has 
not hitherto been attainable. 

We may now consider certain specific reagents which have been profitably employed 
for studies of the sort under discussion. The first of these is formaldehyde. This reagent 
is commonly supposed to react with the amino-groups of proteins and so far as is known 
no other groups are involved; if a protein is treated with formaldehyde, its immunological 
specificity is found to be altered; the alteration, however, in this case is limited in extent, 
since the original species specificity is not abolished. If, for instance, horse serum globulin 
is treated with formaldehyde and the product is injected into a rabbit, an antiserum will 
be produced which will react strongly with formaldehyde-treated horse-serum globulin, 
weakly or not at all with untreated horse-serum globulin and not at all with formaldehyde- 
treated proteins of other origin. 

Now if we employ a reagent which attacks protein more vigorously, we obtain a 
different result. A good example is afforded by acetic anhydride, which can attack not 
only amino-groups but the phenolic hydroxyl groups of the tyrosine and possibly also 
imino-groups in proteins. If a protein is completely acetylated by treatment with acetic 
anhydride, its immunological behaviour is altered in a much more fundamental way than 
when it is treated with formaldehyde. Acetylated horse-serum globulin, for instance, 
when injected into a rabbit, will give rise to an antiserum which will react not only. with 
the acetylated protein used as antigen but also with a large variety of other acetylated 
proteins; that is to say, the change in immunological specificity induced by acetylation 

is so profound as to transcend species differences altogether. It is of some interest to 
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note the analogy between the profound effect of esterifying the phenolic groups of tyrosine 
on the immunological behaviour of proteins, and the similarly profound effect of such 
esterification on the biological activities of insulin and pepsin. 

The methods of chemical modification of the protein molecule which, until quite recently, 
have been most fruitful in immuno-chemical studies have indeed been those involving a 
different sort of alteration to the tyrosine groups. The first reaction of this type to be 
considered is substitution with iodine. There is good evidence from other sources that 
treatment of a protein with iodine under proper conditions, t.¢., in concentrated ammoniacal 
solution in the cold, results in no significant alteration to the protein molecule other than 
substitution of the tyrosine groups with iodine in the 3: 5-positions. Such iodination 
of a protein has an effect on its immunological behaviour which is of the same profound 
character as that of complete acetylation; an antiserum prepared against an iodinated 
protein will thus react not only with the antigen used in its preparation but with many other 
iodinated proteins. The same remarks apply to the alterations in the immunological 
behaviour of proteins which can be induced by other methods of treatment such as 
chlorination, bromination, and nitration, which, although less well-defined in their actions, 
probably attack in the main the tyrosine groups; in all cases a new specificity is intro- 
duced which is characteristic of the new group formed and transcends the limits of the 
species specificity of the original protein. 

Most important of all, however, is the fact that proteins, by virtue of their content of 
tyrosine phenolic groups (and also perhaps to a less extent of their iminazole groups) are 
capable of coupling in alkaline solution with diazonium salts to give products which 
exhibit a new immunological specificity characteristic of the diazo-compound employed. 
By the use of this method, first introduced by Landsteiner, it has been possible to attach 
an enormous variety of compounds to proteins and to make a close study of the effects 
of variations in the groups attached on immunological specificity. 

A few examples illustrating the application of this method may profitably be given. 
Thus tartranilic acid can be nitrated, and the nitro-compound reduced; the resulting 
amino-derivative may be diazotised and coupled with a protein; if this series of operations 
is carried out starting in turn from d-, /-, and meso-tartaric acids, we shall obtain three 
distinct proteins differing only in the stereochemical configuration of the groups which 
have been attached to them; comparison of antisera prepared against these three proteins 
shows distinct differences between them; precipitation reactions are indeed obtained 
between any one antiserum and all three antigens, but it can be shown by quantitative 
titration that the reaction between an antiserum and the homologous antigen (i.¢., the 
antigen against which it was actually prepared) is always quantitatively the strongest. 

Experiments of this type can be carried out in the carbohydrate series. For instance, 
a series of p-aminophenylglycosides of different sugars may be prepared and, after diazo- 
tisation, coupled separately with a protein to give a series of derivatives again differing 
only in the stereochemical configuration of the sugar groups introduced; if these deriv- 
atives are used as antigens, it will again be found that their respective antisera can be 
quantitatively differentiated from one another, the ease of differentiation increasing 
with the magnitude of the stereochemical difference between the individual antigens. 

I have given only two examples out of a very large number which are available; these 
will, however, suffice to illustrate the points of main importance, namely, that the new 
groups introduced have an overwhelming effect in determining the immunological be- 
haviour of the derivative containing them and that the smallest variations in the nature 
of the groups are detectable by the study of immunological specificity. 

Reality is given to the conception of the artificially attached groups actually deter- 
mining the specificity of the protein derivatives by consideration of a reaction which is 
of great value in the study of immunological properties, namely, the serological inhibition 
reaction; this consists in the power of the compound constituting the determinant group 
to inhibit the specific precipitation between antigen and antiserum. If, for instance, 
the antiserum against a 6-glucosidophenylazoprotein is incubated with excess of p-amino- 
phenyl-f-glucoside before admixture with the antigen, the precipitation will not occur; 
the reaction is specific, in that similar inhibition cannot be obtained even with closely 
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allied compounds such as £-aminophenyl-f-galactoside, and is explained by the assumption 
that the excess of the determinant compound occupies the appropriate combining sites 
on the molecule of the specific antibody and thus prevents the latter from combining with 
the antigen itself to form an insoluble precipitate; on this assumption, therefore, the 
determinant groups in the artificial protein derivatives which we have been discussing 
are regarded as representing the actual participants in the linkage which is formed between 
antigen and antibody and hence are named hapten groups. 

Now the réle of these hapten groups in artificial derivatives of protein has its analogy 
in Nature. This is best illustrated among the bacterial antigens, and modern ideas on 
the subject have developed from the work of Avery and Heidelberger on the pneumo- 
coccus. Patients suffering from pneumonia excrete in the urine a substance which gives, 
up to very high dilutions, specific precipitation with antisera against the type of pneumo- 
coccus to which the infection is due; the same substance can be isolated from cultures 
of the organism and it has been proved to be of carbohydrate nature and in all probability 
to be identical with the capsular gum of the pneumococcus itself. The reaction is absolutely 
type-specific; that is to say, each type of pneumococcus produces a different carbohydrate, 
which will react only with antisera against its own type. These carbohydrates are not 
themselves antigens, since they will not, when injected, elicit the formation of an anti- 
serum; it is clear, however, that they are decisive in determining the specificity of the 
bacterial antigen as a whole, and that they perform in the latter a haptan function strictly 
analogous with that which I have described for the simple hapten groups which may be 
artificially attached to proteins. 

These observations are now known to apply not only to the pneumococcus but to the 
majority of other bacterial antigens, which seem indeed in general to be protein-carbo- 
hydrate complexes in which the carbohydrate hapten plays a determinant part in respect 
to specificity. The natural carbohydrate haptens so far known are for the most part 
substances resembling gums in constitution; that is to say, they are polymerised aldo- 
bionic acids. Remarkable experiments have been made with them which reveal the 
reality of the part which they play in immunological processes; for instance, type II 
pneumococcus polysaccharide has been converted into the p-aminobenzyl ether and the 
resulting derivative has been diazotised and coupled with horse-serum globulin; the 
complex so obtained, which contains the specific bacterial polysaccharide artificially 
attached to a protein which is entirely unrelated to the pneumococcus itself, has been 
used for the preparation of an antiserum, and the latter has been found to be capable of 
protecting mice against infection with the same type of pneumococcus. In one case 
recently it has been claimed that an effective antigen for the preparation of such a pro- 
tective serum is a derivative formed by coupling a protein not with the complete bacterial 
polysaccharide but with the aldobionic acid forming the structural unit of this poly- 
saccharide, so that a prospect begins to appear of the possibility of the synthesis of antigens 
which may be of value in the production of therapeutic antisera. 


I now come to the description of some attempts, in which we have ourselves been 
interested, to contribute to knowledge in this field. The experiments which I have to 
describe fall into two groups, the first being concerned with the theoretical question of 
the essential nature of certain groups in proteins for the development of antigenic power, 
and the second with the attempt to apply the knowledge gained by the investigations of 
earlier workers which I have described to a type of experimental pharmacology. 

There are two main theoretical criticisms which apply to the whole of the earlier work 
on artificial protein derivatives prepared by the aid of the diazo-method; firstly the azo- 
linkage is unknown in Nature, so that the general biological validity of deductions made 
from experiments with compounds containing this linkage is open to some doubt ; secondly 
the diazo-coupling not only introduces new groups into the protein but at the same time 
modifies the tyrosine nuclei, and such modification in itself is sufficient, as we have seen, 
to alter immunological specificity without regard to the nature of the group introduced. 
It seemed to us, therefore, to be highly desirable to devise a method of attaching new 
groups to protein through linkages which would at least not be foreign to Nature; ‘more- 


2 (Re ee ee eee ee Ce ee ee ee 











[1940] Harington': Synthetic Immunochemistry. 125 
over in view of the importance of carbohydrate groups in natural bacterial antigens and 
of certain theoretical points which we had in mind we were especially desirous that the 
new method should include a means for the attachment of carbohydrate residues to pro- 
teins. In so far at least as simple carbohydrate residues (hexose groups) are concerned 
it has been possible to solve both these problems in one operation, by coupling O-8-gluco- 
sidotyrosine with proteins in such a way that the tyrosine carboxyl group enters into peptide 
combination with the free amino-groups of the protein. 

The method which we devised was to bring acetobromoglucose into reaction with the 
ethyl ester of N-carbobenzyloxytyrosine in presence of quinoline and silver oxide; the 
resulting O-§-tetra-acetylglucosido-N-carbobenzyloxytyrosine ester (I) could on the one 


CyH,0(0Ac) OK CH, CH-CO,Et CoH0¢0¢ CH, CH-CO-NH-NH, 

NH:CO-0-C,H, NH-CO-0°C,H, 
(I.) (II.) 
hand be converted into the hitherto unknown 6-glucosidotyrosine by deactylation, hydro- 
lysis of the ester group, and catalytic removal of the carbobenzyloxy-residue; for the 
present purpose, however, it was treated with hydrazine hydrate, which effected simul- 
taneous deacetylation and hydrazide formation; the hydrazide (II) was then converted 
into the azide, which could readily be coupled with proteins in alkaline solution. If 
desired, the carbobenzyloxy-residues could in some cases be removed reductively from the 
final product, but for most serological purposes this step was unnecessary. In this way 
protein derivatives could be prepared containing 6—12% of glucose combined in O-$-gluco- 
sido-linkage with tyrosine, which was itself combined in peptide linkage with the original 
protein. 

With this method in hand we set out to study a specific problem, namely, the reasons 
for the non-antigenicity of gelatin and insulin. From what was already known the non- 
antigenicity of gelatin could be ascribed in part at least to its lack of tyrosine; no such 
explanation could hold, however, in the case of insulin, which actually contains an excep- 
tionally large proportion of tyrosine; indeed the only suggestive fact about insulin in 
this connection appeared to be its complete lack of carbohydrate, in which it differed from 
most, if not all, proteins known to be antigenic; in view of the importance of carbohydrate 
groups among the bacterial antigens it appeared to us that this difference might be 
significant, both in the case of insulin and in that of gelatin, which of course is similarly 
lacking in carbohydrate groups. A series of antigens was therefore prepared by the 
method indicated, consisting of glucosidotyrosyl derivatives of gelatin, insulin and also of 
other proteins such as serum albumin and globulin which are themselves good antigens ; 
animals were immunised with these derivatives individually and a detailed serological 
study was made. 

The first point which emerged was that the glucosidotyrosyl groups introduced in the 
manner described were very powerfully determinant in character; the original specificity 
of the proteins from which they were derived was completely masked, a result which 
contrasts with those obtained by the earlier workers who used the diazo-method to couple 
glucose residues to protein; in such cases the antisera showed considerable residual pre- 
cipitating power against the original protein, indicating incomplete masking of the latter. 
The second point is that inhibition experiments with a variety of compounds showed that 
the decisive determinant character of our glucosidotyrosyl groups resided in the §-glucos- 
idophenolic linkage. 

When we came to experiment with the corresponding derivatives of gelatin and insulin 
we first had difficulty in demonstrating that these had antigenic properties, since we were 
unable to obtain direct precipitation reactions between them and their antisera; we 
then observed, however, that their antisera would give specific precipitation with analogous 
derivatives of other proteins such as globulin, a fact which could only be explained by 
the assumption that the antisera against the gelatin and insulin derivatives contained 
antibodies specificially adapted to react with glucosidotyrosyl proteins; conversely we 
found that the glucosidotyrosyl derivatives of gelatin and insulin would precipitate 
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specifically with antiserum against glucosidotyrosylglobulin. These facts alone were 
sufficient to enable us to conclude without doubt that the derivatives of insulin and gelatin 
containing glucose and tyrosine were behaving as true antigens; recently, by extending 
the period of immunisation so as to raise the titre of the antiserum we have been successful 
in obtaining the final piece of evidence, namely, direct specific precipitation between 
gelatin and insulin derivatives and their respective homologous antisera and complement 
fixation with the glucosidotyrosyl-gelatin and -insulin antigen-antibody systems. 

There seems therefore to be no doubt that the introduction of tyrosine and carbo- 
hydrate groups (even of such a simple character as glucose residues) has been sufficient 
to confer antigenicity on two otherwise non-antigenic proteins; since insulin already 
contains a full complement of tyrosine, it seems likely that it is the introduction of carbo- 
hydrate which is of importance, and we are indeed inclined as the result of this work to 
ascribe the absence of antigenic power from natural insulin to the fact that this protein 
lacks carbohydrate. 

Our second line of effort was based on the following hypothesis. If it were possible 
to construct an artificial antigen in which the hapten group was a physiologically active 
compound, it should be also possible to prepare an antiserum against this antigen in 
which the antibody would be specificially adapted for combination with the compound 
used as hapten; such combination, by analogy with toxin-antitoxin neutralisation, would 
very probably mean physiological inactivation, so that the injection of such an antiserum 
into another animal should passively immunise that animal against the normal physio- 
logical effects of the compound used as antigen. 

The compound selected for test of this hypothesis in the first instance was thyroxine, 
the choice being determined partly by my personal interest in this compound and partly 
by the fact that, since thyroxine is an amino-acid, we had ready to hand a convenient 
method for its coupling with proteins on the lines of the experiments which I have just 
described with glucosidotyrosine. The actual method employed was as follows. N-Carbo- 
benzyloxy-3 : 5-di-iodothyronine ester was converted successively by conventional methods 
into the hydrazide and the azide; the latter was then coupled with proteins in alkaline 
solution and the product was iodinated by the action of iodine in concentrated ammoniacal 
solution; in this way the 3 : 5-di-iodothyronyl residues which had been introduced were 
converted into thyroxyl residues and at the same time the tyrosine groups of the original 
protein were converted into di-iodotyrosine. Such derivatives were prepared both from 
thyroglobulin and from horse-serum globulin and albumin, and antisera were obtained by 
injection of the various antigens into rabbits. 

The first point of interest concerns the serological reactions. As might be expected, 
all the thyroxyl protein derivatives are powerful antigens and they retain little or none 
of the original protein specificity. In view of the powerfully determinant effect of the 
hapten groups introduced, it is also in accordance with expectation that a considerable 

degree of cross-reaction should be observed between the different antisera; thus antisera 
prepared against thyroxyl thyroglobulin and thyroxyl horse-serum globulin are difficult 
to distinguish from one another. The principal interest attaches, however, to the observ- 
ation that slight but definite precipitation is obtainable between the antisera against 
thyroxyl thyroglobulin and thyroxyl serum globulin on the one hand and ordinary thyro- 
globulin on the other; this indicates that to some extent at least thyroxine acts as a 
hapten group in the molecule. of thyroglobulin, and thus affords a finally conclusive piece 
of evidence that thyroxine is actually a constituent amino-acid of thyroglobulin. The 
supposition that all the serological reactions observed with these antigens were due to the 
iodine-containing groups introduced was confirmed by the results of inhibition tests; 
all the reactions, whether of the homologous or cross-reaction type, were more or less 
inhibited by 3 : 5-di-iodotyrosine alone or by thyroxine alone; they were much more 
completely inhibited by mixtures of di-iodotyrosine with thyroxine or with a partial 
degradation product obtained by enzymic digestion of thyroglobulin. This indicates 
that whilst the 3 : 5-di-iodophenolic grouping is important in its determinant effect, the 
diphenyl ether linkage of the thyroxine molecule also plays a part, a conclusion which is 
confirmed by the fact that antisera against the thyroxyl protein derivatives give slight 
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precipitin reactions with 3 : 5-di-iodothyronyl proteins which are not inhibited by di- 
iodotyrosine. It is noteworthy in this connection that there appears to be some analogy 
between the factors which influence the immunologically determinant effect of thyroxine 
and those which determine its physiological activity. 

The serological observations which have been described were sufficiently promising to 
justify an exploration of the physiological possibilities implicit in the original hypothesis. 
Observations were therefore made on the effect of the injection of antisera against thyroxyl 
proteins into normal animals. No result whatever was obtained. It was then realised 
that this negative finding might be due to the great reserve power of the thyroid gland, 
which would be able to overcome any neutralising effect of the antiserum by an increased 
outpouring of its secretion. The experiment was therefore modified by giving the animals 
an intensive treatment with antiserum and following this up by administration of thyro- 
globulin; the metabolic response of animals treated in this way was compared with that 
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of animals which were given the same dose of thyroglobulin after a course of treatment 
with similar amounts of normal serum. By this technique clear-cut results were 
immediately obtained and it will be seen (Fig. 1) that there is no doubt that the treatment 
with the antiserum has induced a state of resistance or passive immunisation against 
the normal effects of thyroglobulin. 

The experiments were then extended to the administration of thyroxine itself instead 
of thyroglobulin and here again a positive result was obtained (Fig. 2); preliminary 
treatment with antiserum produced an almost complete resistance against the effects of 
a dose of thyroxine which would normally increase the metabolic rate by 60—70%. 

It thus appears that at least in the case of thyroxine the hypothesis upon which these 
experiments were based is justified. It is not however safe to deduce from the experi- 
ments with thyroxine that the theory is generally correct for the following reason; thyrox- 
ine itself is an amino-acid and it could be argued that it has to be built up into a protein 
or at least a high-molecular peptide before it becomes active in the body; in such an event 
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the successful experiments on the neutralisation of the effect of thyroxine might be no 
real extension of those with thyroglobulin, which themselves would fall into the class of 
ordinary toxin-antitoxin neutralisation. 

Quite recently we have made further experiments of this type in which we have used 
as the physiologically active hapten group a compound which is unrelated to protein, 
namely, aspirin. Antigens have been prepared by coupling O-acetylsalicylazide with 
protein in alkaline solution and antisera against these complexes have been obtained in 
the usual manner. Inhibition reactions show that here again the immunological behaviour 
of the synthetic complex used as antigen is specifically determined by the new group 
introduced. 

We have found further that animals treated with the antiserum obtained against the 
aspirin—protein complex show a definitely greater resistance to the antipyretic effect of 
aspirin than do similar animals which have been treated with the same amounts of normal 
serum. 

I believe that these last-mentioned experiments afford strong evidence of the general 
validity of the theory which I have outlined above; they at least suggest the possibility 
of further investigations in the same lines which may be of considerable interest from the 
points of view of experimental pharmacology and even perhaps of practical therapeutics. 





23. A New “‘ Ageing” Phenomenon in Unimolecular Films on 
Water. 


By F. SesBA and H. V. A. BrIscoE. 


In applying the technique of the “ evaporant,” already described (this vol., 
p. 106), to comparative determinations of the rate of evaporation of water into an air 
current from free and from film-covered water surfaces, an “‘ ageing effect ’’ has been 
discovered whereby compressed films, e.g., of n-docosanol or arachidic acid, which when 
freshly formed and compressed largely reduce the rate of evaporation from the water 
surface, become much more permeable to water if they are first allowed to lie for 
some time on the water surface, especially if the ageing is effected at a relatively low 
surface pressure. The magnitude of the ageing effect varies directly with time of ageing 
and inversely with the surface pressure during ageing. A film of »-docosanol when 
freshly formed and compressed to a surface pressure of 47 dynes/cm. reduces evapor- 
ation to about 2% of that from the clean water surface; if, however, the film is aged on 
the water surface at zero pressure for 20 hours and then compressed to 47 dynes/cm., 
the evaporation through it exceeds 95% of that from the free water surface. 

The phenomenon is explained on the hypothesis that in an uncompressed film the 
single molecules, being in active motion and free to associate, gradually do so in pairs, 
forming double molecules having a hydrophilic alcoholic group at each end, which, 
being thus akin to the single molecules of dihydroxy-alcohols, lie and remain flat 
upon the water surface and so greatly enhance the permeability of the film to water. 
In accordance with this hypothesis, it is found that a film, when compressed after being 
aged at low pressure, occupies a substantially greater area than when compressed to 
the same pressure before ageing, and is also more soluble. 


In describing the reduction of the rate of evaporation of water produced by unimolecular 
films spread on its surface (this vol., p. 106), we showed that the resistance to evaporation 
exhibited by any given film when freshly formed varies with the surface pressure. During 
the investigation, however, it sometimes happened that the quantity of water evaporated 
exceeded that required by this simple relationship. Further examination of these anomalous 
effects has shown that the resistance of a film to evaporation depends, not only on the 
surface pressure at the time of measurement, but also on the time during which the film 
has been spread prior to the measurement and on the surface pressure at which it has been 
kept. 


For the investigation of this phenomenon m-docosanol is especially suitable because 




















[1940] | Unimolecular Films on Water. 129 


it is very sparingly soluble and, therefore, permits the change of resistance with surface 
pressure and with time to be explored over a wide range. Also, because of its long hydro- 
carbon chain, it shows, at moderate and high surface pressures, a very marked reduction 
in the rate of evaporation. It seems very likely, however, that the effects of duration 
and conditions of keeping prior to measurement, which may conveniently be called the 
“ ageing effect,” are common to all films which show a high resistance to evaporation, 
even though, for reasons indicated below, they cannot always be observed. 

The apparatus and technique were exactly as described in the previous paper. By 
plotting Q,, the evaporation through the freshly formed and compressed film expressed as 
a percentage of that from a clean water surface under the same conditions, against F, 
the surface pressure, the curve shown in the figure was obtained. Because of the large 
reduction of evaporation there, the region AB was found to be most suitable for observing 
the ageing effect. By means of the “ evaporant,” the values of Q were now determined 
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at various values of the surface pressure on films which had been spread and kept at various 
constant surface pressures for various periods of time, ¢, and these values (Q,) may be 
compared with the values of Q, at the corresponding surface pressures. A typical series 
of results for m-docosanol is given in the following table. From these it is immediately 
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apparent that ageing always increases the evaporation through the film and that under 
favourable conditions this increase may be very large. On comparing measurements 
made at the same surface pressure, it is clear, also, that the increase in transmission of 
water through the film, 7.¢., the ageing effect, varies in magnitude directly with the time 
of ageing and inversely with the surface pressure during ageing. The most striking effect 
is obtained by ageing at zero pressure: by spreading insufficient docosanol to form a 
complete monolayer from benzene solution on a water surface, and then after 1—2 hours 
measuring the value of Q; at a high surface pressure (42 dynes/cm.), it is found that the 
transmission of water through the film is about ten times that through a film freshly 
formed and compressed to the same surface pressure. If the film is left standing under 
slight compression, the increase of Q; with time is less marked, but still definite. If the 
film, when formed, is compressed to a value near B, #.e., about 45 dynes/cm., and so left 
to stand, the ageing effect is very slight and is only apparent after at least 20 hours. The 
evaporation of water through such a film, whether fresh or aged, is only 2—3% of the 
evaporation from a free water surface. On the other hand, if the film is left uncompressed 
for 20 hours, and is then compressed to 45 dynes/cm. for measurement, it is found to 
produce no measurable reduction at all in the rate of evaporation from the water surface. 

The explanation of this remarkable phenomenon is by no means obvious. The facts 
last cited above seem to militate against any idea that ageing may be due to a break up 
of the film: on the contrary, it appears that the waterproof character of a compressed 
film is permanent. Since compression hinders ageing, it seems improbable that ageing 
can be attributed to any change in the hydrophilic group, for that end of the molecule is, 
presumably, always equally in contact with water whether the film be compressed or un- 
compressed. Any idea that ageing might be due to oxidation of the alcoholic group appears 
to be excluded by the fact that arachidic acid exhibits the phenomenon. It seems there- 
fore, that the explanation must depend upon the properties of the hydrophobic carbon 
chain; yet, on the other hand, the idea of simple hydration of this part of the molecule, 
even if otherwise unobjectionable, will not suffice, because it does not explain why the 
process takes time and is, indeed, very slow. 

Considering all the facts given above, we incline to the hypothesis that in an uncom- 
pressed film on water there occurs a slow, progressive, and possibly reversible association 
of the film-forming molecules. When in an uncompressed film, the molecules of the 
alcohol lie flat on the surface of the water and are at the same time kept in active motion 
by the movement of the water molecules. It is therefore conceivable that occasionally 
two alcohol molecules may meet in such a way that they join to form a double molecule, 
probably meeting head-to-tail and broadside on, so that the hydrophilic groups are at 
opposite ends of the double molecule. This molecule in its surface-film behaviour would 
resemble a dihydroxy-alcohol rather than the simple alcohol from which it is derived, and 
so would tend to lie flat on the surface, even in the compressed film. 

Whether the variation in the rate of transmission of water with surface pressure is 
(as suggested in the earlier paper) dependent upon the amount of water dissolved in the 
surface film, or whether it is merely a question of the packing of the film, the presence of 
associated molecules of this kind might be expected to increase the transmission. On the 
former view it seems not improbable that the film containing the di-molecules (each having 
an extra hydrophilic group) would dissolve more water than would the film of single 
molecules, and on the latter view it might reasonably be assumed that a molecule lying 
flat on the surface will constitute a water-permeable gap in a body of molecules standing 
upright. 

The hypothesis here outlined is supported by the observation that if a compressed film 
of docosanol is left standing for some time, a small but definite rise in surface pressure 
occurs, as might be expected from the formation of molecules having enhanced hydro- 
philic properties. In the preceding paper it was shown that the surface pressure of cetyl 
and octadecyl alcohols falls considerably with time, and this fall was ascribed to the effect 
of solution. Docosanol, because of its longer chain, is much less soluble, and therefore 
permits the rise in pressure during ageing to become apparent. This rise of pressure is 
only about 1 dyne/cm, in 3 or 4 hours, and so is much smaller than the fall in pressure in 
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the case of cetyl alcohol due to solubility. A rise in pressure due to ageing probably 
occurs with cetyl alcohol as with docosanol, but it is completely masked by the larger fall 
in pressure due to solution. 

Further tests of this hypothesis, and additional information on the general question 
of ageing could probably be secured by measuring force-area curves or surface potential 
changes. It seems possible, indeed, that some of the results recorded by Addink (J. 
Chem. Physics, 1934, 2, 574) show the effect of ageing. 

One direct and simple test of our hypothesis, however, could easily be applied under 
our experimental conditions. If ageing involves, as we have supposed, the conversion 
of a substantial proportion of the molecules in the film into double molecules which will 
persist in lying flat on the water surface, a given weight of film-forming material at a given 
moderate surface pressure should occupy a larger area after ageing than before. On 
applying this test to docosanol it was found that the ratio of area to mass at constant 
surface pressure was, in fact, substantially increased by ageing, and that the film had 
become more soluble. In a typical case a film of docosanol, having an area of 200 sq. cm. 
at 2 dynes/cm. when freshly formed, had, after ageing for one hour at zero pressure, an 
area of 220 sq. cm. at 2 dynes/cm., and after 3 hours an area of 260 sq. cm. 


We thank the Royal Commissioners for the Exhibition of 1851 for a Scholarship which 
enabled one of us (F. S.) to undertake this research, and Imperial Chemical Industries, Ltd., 


for a grant. We are much indebted to Professor A. C. Chibnall who kindly gave us a pure 
sample of -docosanol. 
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24. The Interchange of Heavy Oxygen between Water and 
Inorganic Oxy-anions. 


By E. R. S. WINTER, M. Cartton, and H. V. A. BRISCOE. 


Using heavy-oxygen water, having an excess density due to 1*O of 150—200yd, the 
interchange of oxygen between water and several oxy-acid radicals has been 
investigated. The interchange has been followed by means of flotation-temperature 
determinations with a silica float on the micro-scale, using 2—4 c.c. of water. With 
alkaline solutions, the reacting system was hermetically sealed in a pure silver tube. 

With perchlorate, sulphate, and phosphate, no measurable interchange occurs in 2 
days at 100° whether in neutral, acid, or alkaline solution. It seems probable that the 
supposed interchange with sulphate and phosphate in alkaline solution at 100° recorded 
by previous workers was actually interchange with silicate produced by alkali attack 
upon the glass container. With chlorate, interchange is complete in acid solution 
(with decomposition) but does not occur in neutral or alkaline solution. Nitrate also 
exchanges completely (with decomposition) in acid solution. No oxygen interchange 
occurs between nitrous oxide and water in 14 days at 20°. 

With sodium metasilicate, boric acid, and borax, oxygen interchange is complete in 
a very short time at 100°, with dichromate and with chromate in neutral or alkaline 
solution it is complete in 1 day at 100°, but in a neutral solution of chromate at 20° the 
interchange proceeds at a measurable rate, the time of half change being about 4} 
hours. In presence of caustic alkali at 20°, however, there is no measurable inter- 
change in 240 hours. This retardation by alkali is consistent with the view that 
oxygen interchange in this case occurs solely through the known reaction, Cr,Oy’’ + 
H,O 2 2HCr0,’. 

It is provisionally concluded that oxygen interchange with oxy-acid anions occurs 
only where these are known to interact reversibly with water, as is the case with 
silicate, borate, and chromate ions, or are otherwise chemically changed as with 
chlorate and nitrate in acid solution. 


IT is generally recognised that the use of water enriched in heavy oxygen, 1*O, affords a 
convenient means of investigating any interchange of oxygen which may occur between 
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water and dissolved oxy-acids and their salts. As a result of earlier work in these labora- 
tories, we had at our disposal a quantity of such water and therefore began a series of 
experiments of this kind. 

At that time the only publications on the subject were those of Datta, Day, and Ingold 
. (J., 1937, 1968), Blumenthal and Herbert (Trans. Faraday Soc., 1937, 33, 849), and Titani, 
Morita, and Goto (Bull. Chem. Soc. Japan, 1938, 13, 329), dealing mainly with interchange 
in solutions of sulphates and phosphates. By their observations on oxygen interchange in 
sulphate solutions, Datta, Day, and Ingold were led to postulate a mechanism involving 
proton addition followed by loss of hydroxylion. A similar mechanism was suggested by 
Blumenthal and Herbert to account for their observations on the interchange of tripotassium 
orthophosphate in solution. 

This hypothesis being accepted, it seemed probable that the series of anions ClO,’, ClO,’, 
ClO,’, and ClO’ would show increasing readiness to undergo interchange in aqueous solution 
as the number of oxygen atoms decreased. This point was therefore investigated by sealing 
known amounts of appropriate reagents in tubes of Pyrex glass and heating them at 100° 
for various periods. Parallel experiments proved that at room temperature no interchange 
occurred over long periods. Actually, only sodium perchlorate and potassium chlorate were 
thus investigated, because it was found that very little interchange occurred at 100° in 
alkaline solution, and indications were obtained that what interchange was observed might 
be associated with the attack of the alkali upon the glass container. Substantial inter- 
change with chlorate ion occurred in acid solution, but this could be explained by the 
obvious decomposition which was observed under these conditions (see below). 

Since it was suspected (and subsequently confirmed) that the small apparent inter- 
changes observed could be accounted for quantitatively by interchange of oxygen with 
soluble silicate formed from the glass container, it was evidently unsatisfactory to carry the 
experiments further in glass. Therefore a convenient silver container was designed, in 
which the reagents could be hermetically sealed and heated for any desired period. On 
using this device, it was found that in alkaline solution no appreciable interchange of 
oxygen between sulphate ions and water occurred in two days at 100°. As the experi- 
mental error was of the order of + 1-5yd and the density difference calculated for complete 
interchange of oxygen (using the quantities of reagents given in expts. 16—24) was about 
35yd, it was concluded that in 48 hours at 100° the interchange cannot exceed 8—10%. 

To test this point still further, two portions of thé same 1-06N-solution of sodium hydr- 
oxide in water, having an excess density due to 18O of + 210yd, were heated in sealed silver 
tubes at 100° for 456 hours with the addition, in one case, of 1-633 g. of anhydrous sodium 
sulphate. Subsequent comparison showed that the densities of the samples of water dis- 
tilled from the residues were identical within + 0-5yd, whereas complete interchange with 
the sulphate ion should have produced a difference of 40yd. It is clear, therefore, that even 
in this long period of heating the apparent interchange did not exceed about 1% of the 
calculated value. 

The suspicion that the small differences in density observed in expts. 4—7, 13, 14, and 
17—20 and the slightly larger differences observed by Datta, Day, and Ingold were due to 
silicate interchange led naturally to a direct examination of the interchange with pure 
sodium metasilicate. The results given below show clearly that with this salt interchange 
proceeds rapidly to completion. 

In view of these facts, and having regard to the rather unsatisfactory nature of the data 
on which Blumenthal and Herbert had based their conclusion that oxygen interchange 
between water and the orthophosphate radical was complete in 3 hours at room temper- 
ature, this interchange was also re-examined. The difficulty of securing a solution of the 
pure salt in water of known 480 concentration was overcome by using pure disodium 
hydrogen phosphate together with an equivalent of pure sodium hydroxide, and calculating 
the correction for the water formed by the interaction of these two compounds. In this 
way it was found, as with the sulphate, that no appreciable interchange occurs in 2 days at 
100°. This work on the interchange of phosphate ions in aqueous solution opens up 
interesting possibilities in the biological field, as the treatment to which the salts were 
subjected was probably much more severe than any met with in Nature. In a similar 
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manner the interchange with potassium dihydrogen phosphate was examined, but the 
observations of Titani and Goto (Bull. Chem. Soc. Japan, 1939, 14, 77) were not confirmed. 

It is of interest to note that, although no interchange is now observed with N-alkaline or 
n-acid solutions of sodium sulphate, or with solutions of potassium hydrogen sulphate under 
the conditions used, one experiment (No. 9) appears to indicate that dilute aqueous solutions 
of sulphuric acid show complete interchange. This point evidently merits further 
investigation and this is being undertaken. 

In contrast with the foregoing cases where we can find no evidence of interchange it is 
interesting to review those where extensive interchange has been observed. (i) Sodium 
metasilicate. Here partial hydrolysis occurs, giving sodium hydroxide and metasilicic acid, 
and the latter takes up a molecule of water to give the ortho-acid : 


(1) Na,SiO, + 2H,O — 2NaOH + H,SiO, 
(2) H,SiO, + H,O — H,SiO, 


Although there is no reason to suppose that interchange of oxygen occurs in reaction (1), it 
is probable that in reaction (2) the four oxygen atoms of the orthosilicate ion are equally 
liable to be split off as water in the reverse reaction, so that equilibrium is rapidly attained. 

(ii) Hydrated borax (Na,B,0,,10H,O). The dilution effect of the water of crystallis- 
ation can be precisely calculated if the pure reagent is used. In solution the salt undergoes 
hydrolysis followed by reversible hydration and dehydration of the boric acid : 


(3) Na,B,O, + 2H,O == 2NaOH + H,B,0, 
(4) (a) H,B,O, + 5H,0 — 4H,BO, 


Here, therefore, as with sodium silicate, simple well-known chemical changes suffice to 
explain the observed rapid interchange of heavy oxygen. 

(iii) Boric acid (H,BO,). A similar rapid and complete interchange is observed and can 
be similarly explained. 

(iv) Potassium chromate and potassium dichromate. These salts may be considered 
together and present the most interesting system so far examined. Various workers (see, 
e.g., references by Friend, “‘ A Textbook of Inorganic Chemistry,’ Vol. VII, Part III, 
pp. 44, 45) have shown that in an aqueous solution of these salts the following reversible 
equilibria occur : 


(5) K,Cr,0, => Cr,0,” + 2K’ 

(6) K,CrO, + H,O ==» 2K* + OH’ + HCr0,’ 
followed by 

(7) Cr,0,” + H,O == 2HCr0,’ 


In conformity with what has been said of cases (i), (ii), and (iii) above, it seems probable that 
any interchange which occurs will take place through reaction (7); and this applies equally 
to solutions of either salt. It has been found possible to measure the rate of interchange of 
potassium chromate with enriched water at 20°, the time of half-change being approxi- 
mately 44 hours. Though the experimental error is relatively large, since complete inter- 
change in this case gives a density change of only — 18yd, the general significance of the 
results seems clear. 

On the above hypothesis, addition of hydroxyl ions to a solution of potassium chromate 
should substantially diminish the equilibrium concentration of HCrO,’ in reaction (6) and 
therefore minimise exchange via reaction (7). In accordance with this view it was found 
that a solution of potassium chromate in approximately N-sodium hydroxide in enriched 
water had suffered no interchange (other than that due to the sodium hydroxide itself) after 
240 hours, at 20°. In the same solution at 100° the interchange is complete in 25 hours. 

It should be noted that Blumenthal and Herbert (loc. cit.) and Datta, Day, and Ingold 
(loc. cit.) considered the possibility of a similar mechanism when discussing the theoretical 
aspects of phosphate interchange. The interchange which was observed when potassium 
chlorate was heated with N-sulphuric acid in enriched water may be accounted for in a 
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similar manner. It was observed that appreciable decomposition of the salt occurred—a 
strong smell of oxides of chlorine being apparent when the reaction tube was opened—and 
it may be assumed that interchange occurred because the oxides were involved in a 
continuous cycle of reactions of the following type : 


2Cl0, (gas) => 2Cl0, (in solution) + H,O —= HClO, + HClO, =» KCIO, 


(in solution) 


The interchange observed when potassium nitrate was similarly treated may be explained in 
the same way. This effect has been observed by Titani and Goto (loc. cit.), who employed a 
solution of potassium hydrogen sulphate as the acid medium. The inter-exchange of 
oxygen between a gas and water in which it dissolves to form an acid has been investigated 
by Cohn and Urey (J. Amer. Chem. Soc., 1938, 60, 679) for the system carbon dioxide—water. 
We have found that nitrous oxide, which is appreciably soluble in water, suffers no 
detectable interchange with enriched water after being kept in contact with it at 20° for 14 


days, and we connect this observation with the fact that no reaction between nitrous oxide 
and water is known to occur. 


EXPERIMENTAL. 


Water densities were determined with an experimental error of + 1-5yd by the silica float 
method described in earlier papers (Briscoe and others, J., 1934, 1207, 1948). The sample of 
water was distilled off in a vacuum from the salt under examination, and then purified by 
distillation in a vacuum from potassium permanganate and sodium peroxide followed by a 
further distillation from phosphoric oxide, previous work having shown that no detectable 
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interchange occurred with the small quantities of these reagents required for efficient purification. 
As little as 1-5 ml. of water sufficed for a determination. Before the interchange experiments, 
the water was purified by distillation at atmospheric pressure from the reagents mentioned 
above. The Pyrex reaction vessels were cleaned before use with chromic-sulphuric acid 
mixture, thoroughly rinsed out with distilled water, and dried. All salts employed (except 
hydrates) were dried for at least 24 hours in an air oven at 170°. 

The silver tubes used for the later experiments with alkaline solutions were of the form 
shown in Fig. 1 and of about 10 ml. capacity, having the joints soldered with hard silver solder 
(m. p. 820°). After the experimental solution had been introduced, they were sealed by squeez- 
ing the narrow tube A flat at C, and then melting a small quantity of soft silver solder (m. p. 
450°) in the cup D, while the body B and part of the narrow tube were kept cool by immersion in 
water. To recover the solution at the end of the experiment, the narrow tube was cut cleanly at 
E with a sharp penknife and could then be used again. Actually, two silver tubes served for all 
the experiments made, and proved a convenient and effective device. 

Experiments 1—24.—The results obtained for potassium chlorate, sodium perchlorate, and 
sodium sulphate are given in Table I. Cols. 1—65 are self-explanatory and give the conditions 
employed for each pair of comparative experiments; a Pyrex-glass tube was used in all cases 
except those marked otherwise. Col. 6 gives the difference in density between the water used 
for the interchange and that recovered from the reaction tube, and Col. 7 gives the calculated 
value for this density difference, complete interchange being assumed. In experiment No. 4, for 
example, the figure given in col. 7 includes the effect both of the potassium chlorate and of the 
sodium hydroxide. Cols. 8 and 9 give, respectively, for each pair of experiments, the observed 
difference attributable to oxygen interchange with the dissolved salt and the calculated difference 
for complete interchange. 

Expts. nos. 5, 7, 18, and 20 show the small but definite discrepancies between observed and 
calculated’ values when a solution of sodium hydroxide is heated in glass tubes, which we 
attribute to silicate interchange. 
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Expt. no. 24 is of special value as it involves no calculated corrections. It was performed by 
cooling the sodium sulphate and enriched water to — 78° in a 50-ml. Pyrex conical flask, and 
then adding the metallic sodium, which had previously been purified by distillation in a vacuum, 
After the neck had been plugged with asbestos wool to exclude atmospheric moisture, the flask 
was allowed to warm gradually to room temperature, and finally, after being warmed to dissolve 
the sodium sulphate, the solution was transferred to the silver tube, sealed up, and kept for 2 days 
at 100°. No change whatever in the density of the water could be detected. 


TABLE I. 


Change in water density 
Conditions of expressed as Ayd. 
. Vol. of reaction. ee 
Expt. Wt. of liquid, Differences. 
No. salt, g. Liquid used.* ml Calc. Obs. Calc. 
1, 2. 3. Ve 8. 9. 
(a) Potassium chlorate. 
Water 
Water 
Water 
1-175nN-NaOH 
1-175nN-NaOH 
1-06N-NaOH 
1-06nN-NaOH 
1 -028N-H,SO, 
(b) Sodium perchlorate. 
0-500 Water 
, Water 
Water 
1-175nN-NaOH 
1-175nN-NaOH 
1-06N-NaOH 
1-06N-NaOH 
1-028n-H,SO, 
1-028n-H,SO, 
(c) Sodium sulphate. 
° 1-028n-H,SO, 
1-028N-H,SO, 
0-998nN-NaOH 
0-998n-NaOH 
0-988N-NaOH 
0-988N-NaOH 
0-988nN-NaOH 
0-998N-NaOH 
0-998nN-NaOH 
Water + 0-122 g. 
metallic Na 
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* The “ liquid used ”’ (col. 3) was always water enriched in heavy oxygen or, in the parallel experi- 
ments, the solution indicated made with the same water. 

+ Hard-glass tubes were used in these experiments. 

t Silver tubes were used in these experiments. 

In expts. 1—7 and 10—14 inclusive the water used had Ayd = + 130 due to **O and Ayd = + 115 
due to deuterium: a total enrichment of Ayd = + 245. In expts. 8, 9, 15, and 16, the corresponding 
figures were + 125 and + 106, making a total of + 23lyd, and the water employed in expts. 17—24 
inclusive had the values + 200 and + 180yd, making a total of + 380yd. 

In several cases a single experiment with plain water (e.g., expt. 9) served as the blank for two or 
three experiments with dissolved salt (e.g., expts. 8, 15, and 16). 


Experiment 42.—This experiment is described here because it afforded a crucial test of the 
conclusion drawn from Expt. 24. Sodium hydroxide (0-335 g.) was dissolved in 8 ml. of enriched 
water having a total excess density of + 395yd of which that due to #*O was + 210yd, and this 
solution was equally distributed between two silver tubes, 1-633 g. of anhydrous sodium sulphate 
being added also to one of them. The tubes were hermetically sealed and then heated to 100° 
for 19 days (456 hours). 

The two samples of purified water subsequently recovered from the tubes were subjected to 
flotation-temperature determinations having a greater precision (+ 0-5 yd) than in the other 
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experiments. The excess density found in both cases was the same, viz., + 39lyd, the calculated 
decrease caused by the added sodium hydroxide being — 4yd as observed. The calculated 
decrease of density for complete oxygen interchange with the sulphate present is — 40yd. 
Experiments 24a—38.—The results of a further series of miscellaneous experiments are 
recorded in Table II, where the data have the same significance as in Table I. Expts. 24a, 25, 
and 26 afford no evidence of interchange with orthophosphates, the density decrease observed in 
expt. 26 being almost precisely that due to dilution by water produced from the reagents. 


TABLE II. 
Change in water density 
Conditions of expressed as Ayd. 
Vol. of reaction.} ¢ ae 
Wt. of Liquid quid, -— * Differences. 
salt, g. used.* ml. Hrs. Temp. Obs. - 
3. 5 





23 100° _* 
41 100 —20 
46-5 100 


46-5 100 —33 
1 min. at 100° and 
distilled at once 


24(a) Na,HPO, 
25 


Na,liPO,) 
NaOH 
H,;BO,; 
H,;BO, 


Na,B,0,,10H,O 
KHSO, 


= 3833s" 
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liquid withdrawn 
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Various times at 
20°; 3 ml. of 
liquid withdrawn 


38 KNO, 1-500 1-028n- 3-0 100° 
H,SO, 
39 —_— nil 1-028n- 3-0 ° 100 
H,SO, 
* The density of the water used was as follows : 
Excess density, yd, due to Excess density, v4, i to 
Experiments No. Deuterium. 180, Experiments No. Deuterium. 
24, 27, 28 0 +157 36 +180 4210 
25, 30 0 +135 37 +165 +150 
26, 29, 31, 32, 33, 34,35 © +180 +200 38 +106 +125 
+ In expt. no. 26, the water liberated by the reaction, Na,HPO, + NaOH —-> Na,;PO, + H,O 
is calculated to cause a decrease in density of the total water = — 24yd, in good agreement with the 
observed figure of.26yd. 
¢ A Pyrex-glass tube was used except i in those experiments marked §, in which a silver tube was 


used. 


Expts. 27, 28, and 29 show that the exchange of oxygen with boric acid and borax is complete, 
not only in the usual 2 days’ heating at 100°, but even in the shortest time necessary for merely 
heating the solution to 100° and distilling off the solvent. In expt. no. 29 the diluting effect of 
the water of crystallisation is to reduce the total density of the water used from 380yd to 308yd, 
while for complete interchange of all seven oxygen atoms in the salt the density should be 
reduced further to 289yd—a total decrease of 9lyd, as observed. 
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In expts. nos. 34, 35, and 36 the figures in col. 7 include values of — 8, — 8, and — 4yd 
respectively, which represent the effect of the sodium hydroxide alone on the water density. Ic 
is clear from these and the three preceding experiments that for potassium dichromate and 
chromate, with or without added alkali, oxygen exchange is complete in one day at 100°. On 
the other hand, the results of expt. 37 plotted in Fig. 2 show clearly the progress of the slow 
exchange with the chromate in neutral solution at 20°, while expt. 36 proves that addition of 
caustic alkali greatly retards the exchange under the same conditions. 

Experiment 39.—This was designed to seek evidence of interchange with nitrous oxide. The 
gas was obtained from a cylinder and condensed in a trap at — 120°. It was then subjected to 
fractionation in a vacuum in a normal vacuum fractionating apparatus, and slightly over 3 1. of 
the pure gas at 76 cm. Hg were condensed in a receiver connected to an evacuated reservoir of 
approximately 31. capacity. Then 3 ml. of enriched water were distilled on to the solid nitrous 
oxide at — 120° and the system was sealed off and left for 14 days at room temperature. The 
system was then reconnected to the vacuum line by means of a Stock vacuum seal breaker, and 
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the gas was pumped off through a trap at — 80° in which the water collected. The water was 
purified in the usual manner and its density determined. 


Density of water used + 380yd (200yd due to 18) 
al » recovered + 38lyd 


The calculated decrease for interchange of the nitrous oxide is approximately 90yd. 


Experiment 40.—Some “ Pure Crystalline ” (Hopkin & Williams) sodium metasilicate was 
dried for 48 hours at 170° in an air-oven and powdered in an agate mortar. 4G. of the powder 
were boiled with 9 ml. of enriched water, and the solution divided into two parts : (a) was heated 
for 46-5 hours at 100° in a silver tube; (b) was cooled at once and the water distilled off in a 
vacuum. In both cases the change in water density observed was — 30yd; the water used had 
an enrichment of + 380yd (+ 200yd due to'*O). The change in density calculated for complete 
oxygen interchange is —33yd. 

Experiment 41.—The calculated equivalent amounts of “ AnalaR” sodium carbonate 
(anhydrous) and pure powdered quartz were fused together in a tared platinum crucible over a 
blast Meker flame, cooled, and reweighed: the decrease in weight due to carbon dioxide lost 
agreed well with the calculated value. 

A weighed amount of this synthetic sodium metasilicate was treated as in 40(b) above, 
1-527 g. of sodium metasilicate and 3-5 ml. of enriched water being used. The density of the 
water used was the same as in expt. 40: the observed change in density was — 34yd, whilst 
that calculated for complete oxygen interchange is — 32yd. 

L 
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From the work here recorded we conclude that, if oxygen interchange occurs at all with the 
sulphate or the phosphate radical in neutral or alkaline solution, it is so slow that its detection is 
difficult. Examination of other cases suggests that, in general, where oxygen interchange 
occurs with oxy-anions it may be attributed to known reactions involving the reversible addition 
of a water molecule to the anion. It is satisfactory that for oxy-anions such as the phosphate 
and sulphate ions, which need not on ordinary chemical grounds be assumed to react with water, 
it is no longer necessary to postulate a special mechanism to explain oxygen interchange. 


Grateful acknowledgment is made of the assistance given to this work by a grant from 
Imperial Chemical Industries, Ltd., and of a Royal Scholarship and a maintenance grant from 
the Kent Education Committee which has enabled one of us (E. R. S. W.) to take part in the 
investigation. 

IMPERIAL COLLEGE, LoNpDoN, S.W.7. [Received, July 28th, 1939.] 





25. The Action of Nitrous Acid on p-Nitrodimethylaniline in 
Hydrochloric Acid. 


By HENRIETTA MARGARET HALLIDAY and THOMAS HAROLD READE. 


The reactions involved when a methyl group of #-nitrodimethylaniline is replaced 
by the nitroso-group wong the action of sodium nitrite and hydrochloric acid at 17° 
are as follows : 


2NO,°C,H,"NMe,,HCl + 3HNO, —> 2NO,°C,H,-NHMe,HCl + 2CH,O + 3NO, 
water, etc. 


cro + 2HNO, —> 2NO + alittle carbonate + unidentified water- 
soluble organic substances 


The decomposition of formaldehyde by nitrite and hydrochloric acid has been 
investigated. 


WHEN certain substituted dimethylanilines are treated with hydrochloric acid and sodium 
nitrite, it is well known that good yields of the nitrosoamine are obtainable, but the fate 
of the eliminated methyl] group has not hitherto been determined. Our aim was to investi- 
gate this point and to ascertain the mechanism of the reactions involved. 

When air-was present, quantitative experiments to determine the yields of nitrosoamine 
and evolved gases were found to be unreliable, presumably owing to re-formation of nitrous 
acid from nitric oxide, air, and water, and so the air in the reaction vessel was displaced by 
nitrogen. From #-nitrodimethylaniline in 5N-hydrochloric acid, the largest yield of 
nitrosoamine was obtained when 5-5 mols. of sodium nitrite were used for each mol. of amine 
(Fig. 1, graph Ia). For every molecule of amine decomposed, 14 molecules of gas ‘were 
evolved consisting of nitric oxide and nitrogen in the proportion 93-7 : 6-3 when the experi- 
ment was performed in a nitrometer over ethyl phthalate; there was only a trace of carbon 
dioxide in the gas. 

A clue as to the fate of the missing carbon was obtained in 1937 by Todd, who observed 
the production of formaldehyde when the ratio of nitrite to amine was kept low. . This 
observation has been confirmed by the series of quantitative estimations, plotted on graph 
II (Fig. 2), which shows a true maximum yield of formaldehyde at 2 mols. of nitrite, falling 
away almost to zero when large amounts of nitrite were used, thus accounting for previous 
failures to detect it in experiments in which excess of nitrite was used. The shape of 
graph II suggested that acid, nitrite, and formaldehyde must interact so as to decompose 
the last. The experiments shown in graph III (Fig. 3) afford confirmation, 2-2 mols. of 
sodium nitrite being needed to decompose 1 mol. of formaldehyde in 5n-hydrochloric acid ; 
the evolved gases accounted for 95-5% of the nitrogen in the original nitrite as nitric oxide 
with 6% of nitrogen when the ratio of sodium nitrite to formaldehyde was 2-0 : 1, and were 
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free from carbon monoxide and carbon dioxide. Most of the carbon must remain in the 
aqueous acid, therefore, but attempts to isolate organic substances from the dilute solution 
were unsuccessful, although from concentrated solutions small quantities of substances 
melting at 55° and 95—100° (not yet identified) and 0-15 mol. of carbonate were obtained. 
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Fic. 1. 
Mols. of nitrosoamine produced from sodium nitrite +- 5N-hydrochloric acid and (a) p-nitrodimethylaniline, 


(b) p-nitromonomethylaniline. 
Graphs Ia and Ib, done in nitrogen. 
” IVa and IVb ” air. 






Fic. 2. 


Mols. of formaldehyde produced from | mol. of p-nitrodimethylaniline, sodium nitrite, and 5N-hydrochloric acid. 
Graph 11, done in atmosphere of nitrogen. 
o—- | air. 






Fic. 3. 


Molar fractions of formaldehyde decomposed by sodium nitrite and 5N-hydrochloric acid. 
Graph III, done in atmosphere of nitrogen. 
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The most likely mechanism seemed at this stage to be a series of consecutive reactions 
such as : 


(a) R-NMe,,HCl + HNO, —> R-NHMe,HCl + CH,O, etc. 
(b) R-NHMe,HCl + HNO, —> R-NMe:NO + HCl + H,O 
(c) CH,O + HNO, —> NO + unidentified carbon compounds 
Experiments were therefore made with various proportions of nitrite to amine, and the 
evolved gases, the formaldehyde, and the nitrosoamine were estimated. If every molecule 
of amine required x molecules of nitrite in equation (a), y molecules of nitrite in equation 
(b), and each molecule of formaldehyde in (c) used z molecules of nitrite, then the total 
nitrite used would be x + y +z. The value of y was likely to be 1 or nearly so; and from 
a large series of simultaneous equations derived from graphs Ia and II, the calculated 
values of x and z were 1-58 + 0-07 and 2-1 + 0-19 respectively. 
By direct experiment shown on graph Ib (Fig. 1), the experimental value of y was 1-2, 
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and using this value, x and z became 1-44 + 0-05 and 2-02 + 0-22, and were thus close to 
those previously calculated. These were taken as indicating the chemically more probable 
values of x = 1-5, z = 2-0, and that the reaction was actually following the course suggested 
above. 

By subtracting the nitric oxide + nitrogen evolved in reaction (c) from that evolved 


in (a + b + c), that evolved in reaction (a) was calculated to be 1-5 molecule per molecule 
of amine. The changes can therefore be written : 


(1) 2NO,°C.H,NMe,,HCl + 3HNO, gave 2NO,°C,H,-NHMe,HCl + 2CH,O + 3NO + 
H,O + (H) 
(2) NO,CgH,yNHMe,HC] + HNO, ,, NO,°*C,.H,-NMe-NO + HCl + H,O 
(3) CH,O + 2HNO, ,, 2NO + unidentified organic compounds with 
little carbonate 
The nitric oxide always contained about 6% of nitrogen, attributed to the action of 
hydrogen from equation (1) not actually liberated as such. 
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Graph VII. 5N-HCl and concentration 1. 
» VIII. 5N-HCl i 2. 
» IX. 3-6n-HCl és 1-5. 


Attempts to ascertain the order of the reaction between sodium nitrite, formaldehyde, 
and 5n-hydrochloric acid by estimating the rate of decomposition of the formaldehyde at 
different dilutions gave conflicting results. For when the concentration of the acid varied 
proportionately to that of the nitrite and aldehyde, i.¢., dilution by adding water, the value 
obtained for the order of reaction was 5-1 + 0-25 (6 results); but when the [HCI] was 
maintained constant (5N), the order became 1-34 + 0-08 (6 results), probably indicating 
that the hydrochloric acid was performing some function other than merely liberating the 
nitrous acid from the sodium nitrite. 

Experiments in air gave the same organic substances as were obtained in nitrogen, 
but the yields per molecule of nitrite were larger. These (in air) are shown on graphs IV 
(Fig. 1), V (Fig. 2), and VI (Fig. 3), which correspond to I, II, and III (in nitrogen) 
respectively. 

EXPERIMENTAL. 
p-Nitrodimethylaniline was prepared by Donald and Reade’s method (J., 1935, 53). The 
crude product was, however, dissolved in concentrated hydrochloric acid to free it from nitrous 


compounds, filtered, and reprecipitated by neutralisation. After one recrystallisation from 
glacial acetic acid it was pure (m. p. 163°). 
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The Action of Nitrous Acid on p-Nitrodimethylaniline in Hydrochloric Acid.—A solution of 
p-nitrodimethylaniline in 5n-hydrochloric acid was cooled in ice, the air in the flask displaced 
with nitrogen, and sodium nitrite solution run in. After standing for 16—17 hours at 15°, the 
precipitate of nitrosoamine was collected, washed, and dried at 35°, and its solubility correction 
added. 

For the estimation of formaldehyde in presence of nitrous acid, the filtrate was neutralised 
and after removal of unchanged base a solution of HgCl,,2KI was added, and the whole made 
strongly alkaline with potassium hydroxide (Orloff’s ‘‘ Formaldehyde,” p. 266). The precipi- 
tated mercury was filtered off and dissolved in concentrated nitric acid, and the solution titrated 
with ammonium thiocyanate with ferric indicator. 

The Action of Nitrous Acid on p-Nitromonomethylaniline.—p-Nitromonomethylaniline 
(m. p. 152°, prepared from the nitroso-derivative) was treated with nitrous acid under exactly 
the same experimental conditions as given above for p-nitrodimethylaniline. 

The Reaction between Nitrous Acid and Formaldehyde in Hydrochloric Acid.—Dilute solutions 
of formaldehyde were treated with nitrous acid under the same experimental conditions as given 
above for p-nitrodimethylaniline. The formaldehyde solution used was redistilled commercial 
formalin diluted with water. 

Determination of the ‘‘ order’ of the nitrous acid—formaldehyde reaction in hydrochloric acid. 

A solution of formaldehyde in 5n-hydrochloric acid was treated with an equimolecular sodium 
~ nitrite solution in a thermostat at 15° with a slow stream of nitrogen passing through. Volumes 
of solution were drawn off at intervals, and the undecomposed formaldehyde measured. Further 
experiments were done with the formaldehyde, nitrite, and acid at different dilutions (Figs. 
4 and 5). 

Analysis of the Gas formed by the Action of Nitrous Acid on Formaldehyde in Hydrochloric 
Acid.—The gas evolved was colourless, non-inflammable, and gave negative tests for carbon 
monoxide and carbon dioxide, but was readily soluble in ferrous sulphate solution, alkaline 
sulphite, acid (H,SO,) permanganate, and fairly readily soluble in concentrated potassium 
hydroxide solution, on standing. (The gas evolved in the nitrous acid—terti amine 
experiments behaved in an exactly similar manner.) 

The reaction was carried out over ethyl phthalate in a nitrometer at 14—16°. The gas 
was soluble to the extent of 10%. % Nitrogen found = 6-3 + 1-6 (average of 7 results). 


Mols. NaNO,/Mols. H‘CHO 2-2 2 1 0-5 0-1 
% Nitrite evolved as gas ............... 86-0 + 3-7 95-5 + 3-5 78-0 83-0 63-75 


Estimation of Nitric Oxide evolved by the Action of Nitrous Acid on p-Nitrodimethylaniline in 
Hydrochloric Acid.—The reaction was carried out over ethyl phthalate in a nitrometer at 
14—16°. 

0-004 G.-mol. of nitrite + 0-002 g.-mol. of tertiary base —> 0-00176 g.-mol. of gas (NO + 
N,) (after deducting the gas formed by decomposition of formaldehyde by the excess of nitrite). 

0-004 G.-mol. of nitrite + 0-002 g.-mol. of tertiary base —> 0-00117 g.-mol. of nitrosoamine — 
(Graph Ia). 

That is, all except 0-00117 g.-mol. of the tertiary base is undecomposed. 

Therefore 0-00117 g.-mol. of tertiary base —-> 0-00176 g.-mol. of NO + N, or 1 g.-mol. of 
tertiary base —-> 1-50 g.-mols. of NO + Nj. 

Estimation of Carbonate formed by the Action of Nitrous Acid on Formaldehyde in Hydrochloric 
Acid.—The reactants were mixed at 0° and allowed to come to room temperature for 16—17 
hours in an atmosphere of nitrogen. The apparatus used and the procedure adopted were similar 
to those described in the following paper, except that the tube containing heated copper was 
omitted and the apparatus was not evacuated. 

Mol. of carbon dioxide obtained from 1 mol. of formaldehyde and 2 mols. of nitrous acid = 
0-15 + 0-03 (average of 5 experiments). 


Grateful acknowledgment is made of Scholarships obtained from the Robbie and Yuill 
Research Funds. 
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26. The Action of Nitrous Acid on Formaldehyde. 


By HENRIETTA MARGARET HALLIDAY and THoMAS HAROLD READE. 


Vanino and Schinner’s claim to have obtained a quantitative yield of nitrogen 
from the reaction between formaldehyde and nitrous acid has not been confirmed. 
The gaseous product is almost entirely nitric oxide, produced by thermal decomposition 
of nitrous acid. The formaldehyde remains almost unchanged. 


VANINO and SCHINNER (Z. anal. Chem., 1913, 52, 21) stated that they obtained a quanti- 
tative evolution of nitrogen according to the equation 


4HNO, + 3CH,O = 3CO, + 5H,O + 2N, 


when an excess of formaldehyde and a slight excess of hydrochloric acid were drawn into a 
partially evacuated flask in which aqueous sodium nitrite had been boiled, and the whole 
heated until no further evolution of gas took place. The gas was collected over 25% 
potassium hydroxide solution, and no proofs (1) of the existence of carbon dioxide, (2) of 
the decomposition of the formaldehyde, (3) that the gas consisted of nitrogen instead of the 
expected nitric oxide, beyond this bare statement, were given by them. 

As the formaldehyde obtained from the methyl group of #-nitrodimethylaniline by the 
action of sodium nitrite and 5N-hydrochloric acid during the formation of p-nitropheny]- 
methylnitrosoamine at 0—14° was decomposed by further nitrite, giving nitric oxide 
(preceding paper), we attempted to repeat Vanino and Schinner’s experiment, using 
apparatus and procedure similar in all known respects to those described by them. We 
failed to confirm their results: 94% of the gaseous product consisted of nitric oxide and 
6% of nitrogen. Nitrate varying from 29% to 41% remained in solution. The total 
amount of gas was approximately constant whether collected over mercury, water, lime 
water, or 50% potassium hydroxide solution, and corresponded to about 66% of the 
nitrite used. The carbon dioxide formed was less than one-fiftieth of that demanded by 
Vanino and Schinner’s equation. Almost the whole of the formaldehyde was recovered 
unchanged, not more than 3-8% of it having been decomposed or lost in any experiment. 
The reaction therefore consisted almost entirely in the thermal decomposition of nitrous 
acid into nitric oxide, water, and nitric acid, in the amounts shown in the usual equation : 


3HNO, = HNO, + 2NO + H,O 


The origin of the small percentage of nitrogen obtained by-us is obscure, but the carbon 
dioxide obtained was present in such minute quantities that it is unlikely that these two 
substances arose from the Vanino and Schinner reaction occurring to even a small extent 
in our experiments. 

Until some experimenter is successful in repeating the Vanino and Schinner reaction, 
it seems useless to conjecture to what set of circumstances their unexpected results were due ; 
but we consider that the production of carbon dioxide and nitrogen from formaldehyde and 
nitrous acid is abnormal, and that the method is quite unsuitable for the estimation of 
nitrite. 

EXPERIMENTAL. 


Analysis of Gas formed.—The gas consisted entirely of nitric oxide with a little nitrogen; 
it was readily soluble in ferrous sulphate, acid (H,SO,) permanganate, and alkaline sulphite ; 
it was non-inflammable, and gave negative tests for carbon dioxide and carbon monoxide 
[Found: % nitrite evolved as gas, 66-6 + 2-1 (mean of 10 experiments)]. 

Estimation of Carbonate formed.—The carbonate was estimated by passing the gas evolved 
into soda lime; moisture had been removed by passing the gas through concentrated sulphuric 
acid, and oxides of nitrogen reduced to nitrogen by passing it over a red-hot reduced copper 
spiral [Found : G.-mol.of carbon dioxide formed from 1 g.-mol. of nitrite (mean of 7 experiments), 
0-014 + 0-006). 

Estimation of Unused Formaldehyde.—The solution remaining after the gas had been driven 
off was neutralised and treated with HgCl,,2KI and potassium hydroxide, and the formaldehyde 


estimated as indicated in the preceding paper [Found : % formaldehyde undecomposed, 97-1 + 
0-9 (mean of 2 experiments)]. 
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Estimation of Nitrate formed.—The nitrate was estimated by reduction to ammonia by 
Devarda’s alloy in potassium hydroxide solution (2 hours) and distillation into standard acid 
[Found : % nitrite changed to nitrate, 35 + 5 (mean of 2 experiments)]. 


% Nitrite evolved as nitric oxide and nitrogen = 66-6 
» »» converted into nitrate = 35-0 (ca.) 


101-6% 


That is, the nitrite is completely accounted for as approximately two-thirds nitric oxide and 
nitrogen and one-third nitrate. 


Grateful acknowledgement is made of Scholarships obtained from the Robbie and Yuill 
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27. An Examination of the Mechanism by which “Cool” Flames give 
Rise to “ Normal” Flames. Part III. The Physical Characteristics 
of the Two-stage Process of Ignition of Ether-Oxygen Mixtures. 


By M. Maccormac and D. T. A. TOWNEND. 


In a recent communication (J., 1939, 337) evidence was adduced that the two-stage 
process of ignition depending on prior ‘‘ cool’ flame formation is the same whether the 
“‘cool”’ flames are induced (a) spontaneously at high temperatures and suitably low 
pressures or (b) artificially by means of a heated wire at room temperature and at high 
enough pressures. In both circumstances ignition is the outcome of the initiation of a 
second flame in the “‘ cool ” flame products. 

The phenomena associated with the development of the ‘second flame, now termed 
the “‘ blue ” flame, are much more marked in ether—oxygen than in ether—air mixtures ; 
moreover, the “ blue ”’ flame is distinguishable from the “‘ cool”’ flame by a marked 
increase in the volume of its products. ; 

In mixtures of adequate oxygen content the “ blue’ flame may in narrow tubes 
overtake and extinguish the “‘ cool” flame, leading to a normal flame; this normal 
flame is not self-propagating and dies out. In wider tubes the normal flame may 
degenerate into a ‘‘ cool” flame, the two-stage process then being repeated again 
and again, resulting in oscillatory propagation. 

Under conditions where the products of the “‘ blue ” flame are released and constant 
pressure maintained, it is shown that the “ blue ”’ flame is not self-propagating; it is 
always preceded by a “‘ cool’ flame, the distance between the two being a function of 
pressure and mixture composition. The “ blue” flame is now recognised as having 
characteristics differing from both ‘‘ cool ’’ and normal flames. 


In Parts I and II (J., 1939, 337, 341) it was shown with ether-air mixtures how the two- 
stage spontaneous ignition of higher hydrocarbons and their derivatives can be reproduced 
in cold media by using artificial ignition, provided adequate working pressures be employed. 
In such circumstances, on the attainment of a critical experimental pressure depending on 
the composition of the mixture, a flame, hitherto thought to be a normal flame, is initiated 
in the “ cool ”’ flame products some way behind it, the subsequent events depending on the 
available oxygen in the medium. Also; “ cool’ flame ranges of inflammability were 
located in cold media with the higher paraffin hydrocarbons in admixture with air at 
experimental pressures of a few atmospheres, these pressures being found to be in the same 
order as the minimum pressures requisite to induce ‘‘ cool ’’ flames in spontaneous ignition 
experiments; and at 100° they were as follows: ether, below atmospheric pressure; 
hexane, above 5 atm.; butane, above 9 atm.; propane, above 12 atm. 

The discovery that the two-stage process of ignition can be observed in cold media at 
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sufficiently high pressures has opened up a new line of attack for investigating its mechanism 
and Parts III and IV embody the results of our further investigations upon the pheno- 
menon with ether-oxygen mixtures. 


Results. 

The Influence of Pressure on the Inflammable Ranges of Ether-Oxygen Mixtures.—The 
influence of pressure on the inflammable ranges for both normal and “ cool” flames in 
ether—oxygen mixtures was determined in the same manner as that employed with the 
ether—air mixtures (J., 1939, 333, 339), and the results for horizontal propagation of flame 
in a closed tube 4-5 cm. in diameter and at room temperature and pressures up to 500 mm. 
are illustrated in Fig. 1. The normal flame range is shown by curve A, and the “ cool” 
flame range by curve B, these two independent ranges overlapping at C. The ranges are 


Fie. 1. 
Influence of pressure on the inflammable ranges of ether in oxygen mixtures. 
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much the same in character as those found with the ether—air mixtures. Thus the “ cool” 
flame range is seen again to centre upon the 1 : 1 mixture of ether and oxygen; moreover, 
the minimum pressure necessary for “ cool’ flame initiation with this mixture (115 mm.) 
was rather lower than the partial pressure of combustible and oxygen similarly requisite 
in an ether-air mixture (J., 1939, 338). This suggests that diluent nitrogen plays little part 
in the “‘ cool” -flame process, but may by virtue of its heat capacity lower the temperature 
of the system. There was, however, a marked difference between the shapes of the flame 
envelopes in the two series of experiments, so that further investigation of these issues is 
necessary. 

It may be recalled that with the ether—air mixtures at pressures above that at which the 
normal and the “cool” flame range overlapped, difficulty was experienced in locating 
with precision the upper limit for two-stage ignitions, for (4) in the spontaneous-ignition 
experiments the pressure development was so low that there was no sharp demarcation 
between that of the two-stage ignition and that of the “ cool ”’ flames alone, and (b) in the 
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experiments in glass tubes with artificial ignition it was difficult to decide the precise limit 
at which a superposed flame was initiated behind the “ cool” flame owing in the circum- 
stances to its poor luminosity and comparatively low velocity. Accordingly, the boundaries 
concerned were indicated by broken lines (Part I, Fig. 2). 

In the present series of experiments with ether-oxygen mixtures it became simpler to 
define the conditions at these limits owing (a) to the increased brightness of the second 
flames initiated in the “‘ cool” flame products and (b) to a discovery due to an earlier 
observation of Dr. H. S. Hsieh that such initiation led always to a marked increase in the 
volume of the gaseous explosion products which did not occur when a “‘ cool ’’ flame alone had 
traversed the mixture. A criterion for the occurrence of the two-stage process was thus 
available, and as will be seen, this was very critical to variation in the initial experimental 
pressure. 

Fic. 2. 
Influence of initial pressure on the ratio final : initial pressure after passage of flame. 
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In Fig. 2 the influence of initial pressure on the ratio of the final to the initial pressure 
following the passage of flame is illustrated graphically for four representative ether— 
oxygen mixtures containing severally 40, 55, 60, and 70% of ether. It will be seen that, 
whereas the passage of a “ cool ’’ flame was responsible for hardly any permanent change in 
the pressure of the medium, the initiation at a critical pressure of the second flame, which we 
have termed the “ blue” flame, was responsible for a marked increase of pressure; and 
with mixtures of high oxygen content the pressure became almost doubled. — For instance, 
with the 55% ether-oxygen mixture a “cool” flame alone was propagated at initial 
pressures between 115 and 190 mm.., the ratio final/initial pressure being almost constant at 
about 1-0; at slightly higher initial pressures, however, the “ blue ’’ flame was initiated 
behind the “‘ cool ”’ flame after a time interval which decreased sharply with successive small 
increases in initial pressure, and the final pressure after the passing of flame rapidly in- 
creased. At about 220 mm. initial pressure the transition phenomenon became too rapid 
to be followed by the eye; it gave rise to more violent flame propagation, the pressure 
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ratio being about 1-8. With increase in the oxygen content of the mixtures, the incidence 
of the “ blue”’ flame occurred at somewhat lower initial pressures, and the two-stage 
inflammation became very violent if the pressure was raised much above that indicated by 
curve D (Fig. 1). With increase in the ether content of the mixtures above 55%, the effect 
of small increases in the initial pressure was less abrupt and the explosions less violent ; 
the incidence of the second “ blue ”’ flame, however, was always marked quite sharply by 
a large increase in the final/initial pressure ratio. 

It may be pointed out that, provided care is taken that the ignition wire is not over- 
heated, ‘‘ cool’’ flames can be initiated in mixtures lying within the normal flame range 
and indicated by the dotted extensions of the curves B and D. The initiation of “ cool”’ 
flames in this area, however, is more difficult with ether than with other materials, ¢.g., 
acetaldehyde ; moreover, if pressures above D be allowed to develop, detonation may 
ensue. 

In Fig. 1 the marked widening (broken line) of the upper (normal) ignition limit A 
indicates the boundary at which it is impossible to discriminate between the “ blue ”’ flame 
and the normal flame; at the boundary there is an apparent increase in both the speed of 
the flame and the completeness of combustion; so far, however, we have not attempted to 
measure flame speeds in this region. owing to the violence of the explosions. Within the 
limit A also, marked deposition of carbon was observed, this being almost absent outside it. 

Curve D defines the pressure limits for the initiation of the second “ blue ” flame in the 
cool flame products; depending upon the oxygen content of the mixture and the experi- 
mental pressure it may either catch up, coalesce with and visibly enhance the velocity of 
the “‘ cool ”’ flame, or alternatively travel independently behind it. With the mixtures of 
oxygen content greatly in defect the initiation of the ‘‘ blue ” flame could only be detected 
visually after considerable experience; measurement of the final pressures of the media, 
however, never failed as a criterion in this respect. 

Perhaps the most interesting aspect of this part of the investigation was the difference in 
character of the “‘ cool ’”’ and the succeeding “‘ blue ” flames as revealed by the difference in 
the volume of the gaseous products in each instance. In experiments described later, and 
designed with the ultimate view of examining separately the chemical processes responsible 
for each type of flame, it was found that under conditions of constant pressure the two 
flames retain their separate existence over much wider ranges of initial pressure; and, 
although at adequate pressures the two flames do actually coalesce and form a composite 
structure which travels with enhanced velocity, yet the incursion of the normal flame range 
into the “cool” flame range in closed-tube experiments is mainly the outcome of the 
conditions of pressure and temperature superimposed in the confined space by the volume 
of products rapidly liberated by the initiation of the second “ blue ” flame. 

The Influence of Tube Diameter on the Pressure Limits of the “Cool” and “ Blue” 
Flames through Ether-Oxygen Mixtures in Closed Tubes.—Having observed that the 
character of the two-stage ignition process in cold media depends on the initiation of two 
characteristically different types of flame, we designed an apparatus in which these flames 
could be maintained under the conditions of requisite pressure indefinitely, so that the 
products of combustion could be collected and analysed. For this purpose the simplest 
means of stabilising the flame appeared to be to employ a conically shaped tube in which any 
small variation in the rate of supply of the mixture under examination would be com- 
pensated by the change of flame speed with tube diameter. Inorder to obtain the necessary 
information on which to base the design of such an apparatus, however, it became necessary 
to determine (a) the pressure limits for both “ cool” and the succeeding “‘ blue ” flames in 
tubes of varying diameter, and (6) the approximate velocities of these flames under such 
conditions. In the first part of this investigation experiments were carried out in closed 
tubes; later, it became evident that the information so obtained was inadequate, and a 
second series of experiments was undertaken to meet the need for information relative to 
conditions of constant pressure, with results which have been very informative. 

In Fig. 3 two series of curves relating to experiments at 30° with ether-oxygen mixtures 
have been drawn showing (a) the variation with mixture composition of the limiting 
pressure for “‘cool” flames in tubes of five representative diameters, viz., 2,1, 3, $, and % in., 
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and (6) the corresponding limiting pressures for the development of the “ blue ”’ flames in 
the “ cool ”’ flame products. In these tubes no flame could be propagated below atmos-: 
pheric pressure in mixtures containing more than 80% of ether. Those containing 70—80% 
of it were capable of propagating “ cool ”’ flames only, but if the oxygen concentration was 
further increased ‘‘ blue ” flames occurred at adequate initial pressures. When the ether 
concentration fell below 46% the tails of the “ blue” flames became yellow until, with 
mixtures containing 35—40% of ether the “ blue” flame was almost entirely luminous, 


Fic. 3. 
The limiting pressures for the initiation of ‘‘ cool” and“ blue” flames in tubes of varying diameter. 
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and travelling with high velocity it caught up the “ cool ” flame, the subsequent explosion 
being violent. 

The Oscillating Flame.—tin this investigation a new and interesting phenomenon was 
observed, particularly with mixtures rich in oxygen and in the narrower tubes. A “ cool ” 
flame was initiated by the hot wire, and according to the usual behaviour a “ blue ” flame 
appeared behind it and, travelling with high velocity, overtook it, producing a normal 
flame. Under the conditions of experiment, however, the resulting normal flame was 
outside the inflammability limit and unstable, hence it reverted to a “ cool” flame after a 
short time; this was propagated for some distance down the tube, after which the procedure 
was repeated. This cycle of events recurred a number of times with gradually decreasing 
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amplitude, until the oscillations were finally damped out, leaving a coalesced flame with a 
yellowish tail. This oscillating mode of propagation was most marked in narrow tubes; 
but it might occur in any of them, and in daylight, when the “ cool ” flame is invisible, it 
appears as a discontinuous luminous flame propagation.* 

An interesting result of this oscillating type of propagation was observed in the narrow 
tubes with mixtures containing less than 45% of ether. On ignition of the mixture, the 
first cycle took place in the usual way; but the succeeding flame was so violent that it 
flashed along the tube for about 15 cm., extinguished the cool flame, but itself failed to 
survive, being outside the normal inflammability limit. Repeated attempts to make a 
flame propagate all the way down the tube under the conditions referred to, and represented 
by the shaded areas in Fig. 3, were without success; on elevation of the pressure to the 
limits indicated by the upper boundaries of such areas, the flames would propagate success- 
fully, the oscillations referred to being less marked. 

The Pressure Limits of the “ Cool” and “‘ Blue”’ Flames through Ether-Oxygen Mixtures 
at Constant Pressure.—The oscillating phenomena just described, and other observations 
on the reversibility of the transitions from ‘ cool” to normal flames, led to an examination 
of the part played by pressure in regard to the development of the “ blue ”’ flame in the 
“cool ’’ flame products. In a preliminary experiment with a 50% ether-oxygen mixture 
in a 1”’ tube, a “ blue ” flame was allowed to overtake and coalesce with the “ cool” flame 
and travel down the tube, while at the same time the products of combustion were evacuated 
from the firing end. As the pressure was reduced, the “ blue” flame was seen to grow 
smaller and less intense, while a “‘ cool ” flame was seen to detach itself from the “‘ blue” 
flame and travel on ahead. The lower the pressure, the further behind did the “ blue ” 
flame recede, until at a pressure as nearly as could be judged equal to that previously found 
as the limit for the transition phenomenon, it went out altogether. 

This process was obviously the reverse of the “ cool ”’ to “ blue ’’ flame transition, and 
it appeared therefore that the maintenance of the coalesced flame, or indeed of the “ blue ” 
flame at all, was solely dependent on the maintenance of an adequate pressure in the system. 
It also suggested that the coalesced flame could have no separate existence without a 
“cool”’ flame; moreover, the high speed with which the blue” flame caught the cool 
flame at the transition limit was apparently due to the fact that the “ blue ” flame liberated 
products which built up the pressure, the distance between the “ cool ” flame front and the 
“blue ” flame being very sensitive to pressure under these conditions. In other words, the 
time lag before the ‘‘ spontaneous ignition ” in the “‘ cool” flame products as represented 
by the formation of a “ blue flame ”’ was considerably decreased by a small increase in 
pressure. As a natural outcome of this it was also observed that if a “‘ cool’’ flame was 
propagated at a constant pressure just above the transition limit, the two flames travelled 
down the tube together keeping a constant distance apart. 

In order to investigate this matter further, as well as to obtain data relative to the 
conditions required to maintain a stationary flame in a cone apparatus, a tube was set up 
to enable the flame speeds to be measured at constant pressure. An explosion tube 2-5 cm. 
in diameter and 145 cm. long was used, the 120 cm. furthest from the igniting wire being 
enclosed in a water jacket at 30°. Flame speeds were measured in the water-jacketed portion 
of the tube only by means of a stop-watch; and the firing end of the tube was connected 
through a copper-gauze flame trap, to an expansion volume of 6 1. capacity, this expansion 
volume proving sufficient for the purpose. 


* Cf. Jost’s interpretation (Z. physihal. Chem., 1939, 42, B, 136) of the intermittent phenomenon in 
detonation (spin) revealed by high-speed flame photography. According to Jost, in a detonating gas 
mixture the velocity of the principal shock wave is so great that the zone of active flame reaction cannot 
keep pace with it and the flame falls behind; the high pressure and temperature attained in the wave, 
however, prepare the mixture for spontaneous ignition which actually occurs behind the wave after a 
definite interval, thus providing the additional energy requisite for its maintenance. This process is 
repeated continuously, and the “‘ retonation ’’ waves from the successive ignitions account for the striz 
observed behind the flame front in most high-speed photographic records of “‘spinning”’ detonation. It 
seems to us that a close analogy exists between Jost’s interpretation of the behaviour of the detonation 
wave and our own observations, the mixture being sensitised for ignition by a shock wave in the one case 
and by a “ cool ”’ flame in the other. 





[1940} ‘ Cool’’ Flames give Rise to ‘‘ Normal’”’ Flames. Part III. 149 


The pressure-composition ranges of the various phenomena are shown in Fig. 4, and 
Fig. 5 illustrates the manner in which the velocity of the flame varied with pressure in the 
case of four typical mixtures, containing severally 38-2, 50, 59, and 73% of ether. 


Fic. 4. 


Influence of pressure on the ‘‘ cool” flame inflammability range in experiments at constant pressure. 
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With the 73% mixture only cool flames could be propagated, their velocity increasing 
rapidly from about 12-5 cm./sec. at the low pressure limit * (20 cm.) to 16 cm./sec. at 30 cm. 
pressure; and thereafter increase in pressure up to 1 atm. was without appreciable influence. 

With the 59% mixture the cool-flame velocities increased in much the same manner with 
increase in initial pressure; at about 32 cm. pressure, however, a blue flame was formed in 
the tail of the cool flame. Its occurrence, and consequent liberation of gaseous products, 
caused an apparent increase in the velocity of the cool flame, but this was probably partly 
due to some mass motion of the mixture as well as radiation from the front of the “ blue ’’ 
flame which helps to propagate the “ cool’”’ flame, thus increasing its speed. Over the 
pressure range studied, however, the “ cool” and the “ blue ”’ flame fronts in this mixture 
were always separated by a measurable distance. 

.In the 50% mixture, only “ cool ’’ flames could be propagated at pressures up to 30 cm., 
their velocities varying in the usual way ; also, as far as could be judged, the “ cool ”’ flame 
velocities at any one pressure are greatest with this mixture. At about 30cm. pressure, the 
“ blue flame ’’ first made its appearance in the tail of the cool flame; but grew larger, and 
travelled closer to the cool flame front as the pressure was raised above this, until at 41 cm. 
pressure the two flames coalesced. In other words, the “‘ cool ” flame was no longer visible 
in front of the “ blue” flame; there was reason, however, for the belief that the “ cool ” 
flame still existed as a separate combustion stage, although the flame as a whole had the 
outward appearance of a single stage flame. Curve E, Fig. 4, indicates the pressures at which 
this apparent coalescence occurs. There is possibly an analogy between this coalescence 
and the single stage ignitions observed at adequate pressures by Kane (Proc. Roy. Soc., 
1938, A, 167, 62) and by Neumann (Compt. rend. Acad. Sci. U.S.S.R., 1938, 18, 333). 

In the case of the 38-2% mixture, cool flames were propagated at pressures between 15 
and 27cm. Over a narrow range above this pressure a “‘ blue ’’ flame travelled in the tail 
of the cool flame. Coalescence in the case of this mixture resulted in violent oscillations 
such as have already been described, so the flame speeds indicated in Fig. 5 should be 
regarded as overall speeds in this particular mixture, and without any special significance. 
At a pressure of 60 cm. this oscillating type of propagation was replaced by a normal flame 
having a velocity of more than 200 cm./sec. 


* It is probable that the increased velocity of the cool flame which occurs in all mixtures as the 
pressure is raised above the lower pressure limit, is for the most part due to the fact that at the limit 
the flame front does not fill the cross-section of the tube. 
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There is no doubt an abrupt change in the mechanism of flame propagation as the limit 
A (Fig. 4) is crossed, for at this point there is an abrupt increase in the temperature of the 
flame front. 

From the foregoing, therefore, it appears that the velocity of the “ blue ” flame is not 
much greater than that of the “ cool” flame; this is contrary to the impression created by 


Fie. 5. 


Influence of pressure on flame velocity at constant pressure through mixtures containing 38-2, 50, 59, and 
713% ether in oxygen. 
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earlier observations on experiments in closed tubes, where the expansion of the products 
of the ‘‘ blue ” flame pushed the flame forward, giving it an apparently abnormal velocity. 
The experiments with ether-oxygen mixtures thus recorded, and particularly those 
under conditions of constant pressure, have made much clearer the physical characteristics 
of the mechanism of the two-stage ignition process and have paved the way for investig- 
ations into the chemical processes operative in the various types of flame concerned. 


We thank the Gas Light and Coke Company for their Fellowship, during the tenure of which 
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UNIVERSITY OF LEEDS. [Received, October 8th, 1939.] 








— ee ae a EE CG ae a Che Oe a 


wn 2 ff = - 


 papown rs 






icts 
ity. 
Jose 
tics 
tig- 


hich 


don. 


D.) 








[1940] An Examination of the Mechanism, etc.” Part IV. 151 


28. An Examination of the Mechanism by which “Cool” Flames give 
Rise to “‘ Normal” Flames. Part IV. The Chemical Character of 


the ** Blue” Flame Initiated in the ‘‘ Cool’ Flame Products of Ether- 
Oxygen Mixtures. 







By M. Maccormac and D. T. A. TOWNEND. 


As an outcome of the work described in previous papers, it has been possible to 
develop a new method involving a cooled reaction tube incorporated in a flow system 
for studying the chemical characteristics of the two-stage inflammation of higher 
hydrocarbons and their derivatives. The main advantage of the method is that, not 
only is the whole of the reaction zone visible, but subsidiary surface reactions and slow 
combustion are reduced to a minimum. 

The method has conveniently been applied in the first place to an examination of 
the differences between the ‘‘ cool ’’’ and the “‘ blue ’”’ flames of ether; and it is shown 
that although the “‘ cool” flame produces aldehydes and peroxides, these are de- 
composed again in the “ blue”’ flame, together with much of the rest of the ether. 
The “ blue” flame is therefore recognised as essentially a zone of luminous decom- 
position in which heat is evolved, oxidation playing a secondary réle. In the presence 
of sufficient oxygen, however, the reactions which start as a spontaneous decomposition 
of certain of the “‘ cool ” flame products lead to normal ignition. 

















In investigations into the chemical mechanism of the reactions leading to spontaneous 
ignition generally, and particularly to the two-stage ignition induced by the prior formation 
of ‘‘ cool”’ flames, one of the chief difficulties is that of securing accurate samples of the 
reacting medium at any particular stage after the reaction has become autogenous. 
Usually for such investigations either flow or static systems are employed in which the re- 
action zone is enclosed in an electrically heated furnace. A disadvantage of electrically 
heated flow systems, however, is that unless the rate of flow and the length of the heated 
zone are accurately adjusted, an unknown amount of secondary reaction is likely to occur 
after the main reaction which is the subject of enquiry has been completed. Moreover, 
in the desire to avoid pockets of stagnant gas and to maintain a high rate of flow, there is 
a tendency to employ tubes which are too narrow; this may have have the effect of en- 
hancing surface action and inhibiting chain propagation so that results are difficult to 
interpret. The use of static systems, on the other hand, is necessarily restricted to the 
study of such media and experimental conditions as allow pre-ignition time-lags adequate 
to permit the securing of samples prior to ignition. There are two methods available for 
taking these samples; in one, the silica reaction vessel is plunged into a freezing mixture 
in order to arrest reaction, and in the other, the sample is taken by adiabatic expansion of a 
portion of the reacting medium into the cold vessel. 

The discovery (Parts I and II; J., 1939, 337; 341) that all materials which give rise to 
cool flames in a heated reaction vessel will do so even in the cold, provided sufficiently 
high pressures are employed, suggested an alternative method for investigating the pro- 
cesses leading to the two-stage ignition by using a cold reaction tube. The advantage 
of such a method over those previously employed is that no heat is supplied to the medium 
other than that developed spontaneously. The reaction products on this account begin 
to cool as soon as the main reaction is completed, thus minimising secondary reactions ; 
moreover, as the walls of the reaction vessel are actually cooler than the combustion zone, 
surface reactions are almost inhibited. Further, close observation can be made of the 
character of the flames, and if desired, samples of the products may be removed from 
any desired point of the flame zone. 

_ Asit was most convenient to apply this new method of investigation first to a combustible 
material which would give both “ cool” flames and the two-stage inflammation resulting 
therefrom at or below atmospheric pressure, the fuel considered initially was ethyl ether. 

The experiments described in Part III (preceding paper) furnished data requisite for the 
design of suitable apparatus, and an exploratory investigation has been made in the first 
place of the chemical process giving rise to the “‘ blue’’ flame in the “‘ cool” flame products. 
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The “‘ cool ” flame of ether was first observed by Davy in 1816, and its oxidation product, 
‘‘ ether-acid ” (Aether Lampen-saure) was subsequently investigated by Faraday, Dana, 
Doebereiner, Marchand, Bottger, Liebig, Martens, Stas, and Schénbein, the last stating 
that it contained an ozonide. In 1880 Legler attempted to isolate the oxygen-rich com- 
pound suspected by Schénbein and obtained a compound having the formula C,H,0,. 
This is now known to be bishydroxymethyl peroxide, (CH,-OH),O,, which can be 
synthesised by the interaction of hydrogen peroxide with two molecules of formaldehyde. 

Legler’s method of preparing his ‘‘ ether-acid ” bore some resemblance to that employed 
in the present investigation, in that an artificially heated reaction vessel was not used, but 
the ‘“‘ cool” flame was stabilised by allowing the reacting medium to stream over a piece 
of heated platinum, the products from this flame being collected and qualitatively analysed. 

Emeléus (J., 1929, 1733) and others have quantitatively examined the products other 
than peroxides of the cool flame of ether, using heated reaction tubes incorporated in flow 
’ systems; and in 1921 Payman * determined the thermal conditions under which the “‘ cool ”’ 
flame turns into a normal flame; the experimental conditions, however, did not allow the 
mechanism by which the transition phenomenon occurs to be observed. 

Since the purpose of the present investigation was to determine the differences between 
the ‘‘ cool” flame and the “ blue” flame to which it gives rise, a preliminary series of 
experiments was undertaken to examine the nature of the permanent gases produced by 
the flames. In later experiments a cone apparatus for maintaining stationary flames was 
set up, and this enabled an adequate sample of the liquid products from 1--2 cu. ft. of the 
explosive mixture to be collected for analysis. 

Unfortunately, the complete analysis of the combustion products of ether is very difficult ; 
our preliminary experiments showed, however, that acetaldehyde and the products to 
which it gives rise played an important réle in its combustion. On this account we have 
investigated the combustion of acetaldehyde under like experimental conditions, and we 
now record the new experimental method as well as the general conclusions of our explora- 
tory work, leaving to a later communication the description of the similar and as yet in- 
complete work with acetaldehyde. Moreover, we are of the opinion that an interpretation 
of the “ cool’’ flame processes is likely to be found more easily with acetaldehyde than 
with ether or other more complex materials. 


RESULTs. 


An Examination of the Gaseous Products of the “ Cool” and the ‘‘ Blue” Flames.— 
From Fig. 4 of Part III it was clear that a 50: 50 ether-oxygen mixture would be satis- 
factory for preliminary examination, as it produced at adequate pressures a properly 
coalesced blue flame without a yellowish tail, which otherwise might indicate some thermal 
decomposition supplementary to the main reaction. An apparatus was therefore set up 
in which the flames were propagated at almost constant pressure along a glass tube 2-5 cm. 
in diameter connected through a mercury trap to an expansion chamber; while allowing 
the products of the “‘ blue ’’ flame to be released immediately in order to prevent pressure 
increase in the system, the trap prevented the return of unburnt gases to the tube on 
cooling. 

The gas samples were taken from the end of the tube furthest from the igniting wire, 
condensable gases being removed by cooling in solid carbon dioxide. After standing for at 
least 24 hours over solid zinc chloride to remove aldehyde, the samples were analysed in a 
Bone and Newitt apparatus. The results of the analyses are shown in Table I. Their 
most noticeable feature is that, on the initiation of the “ blue”’ flame, only the relative 
amounts of hydrogen and of methane underwent any appreciable change, although the 
absolute amount of all gases produced was considerably increased. The relative amount 
of carbon dioxide produced actually decreased, thus giving strong support to the view 
that the “‘ blue ” flame is definitely not a “ normal ” type of flame. It may also be noted 
that the quantity of acetylene, and to a minor extent that of other unsaturated hydro- 
carbons (mainly ethylene), underwent unaccountable variations; the sum of these gases, 
however, varied in a uniform manner. It may well be that the acetylene, ethylene, and 

* Private communication. 
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TABLE I. 


Permanent gaseous products (% by vol.) of flames travelling under conditions of constant 
pressure in the 50 : 50 ether-oxygen mixture in a 2-5-cm. tube at 20°. 


Pressure, mm. 
120. 145. 205. 265. 290. 299. 305. 330. 335. 410. 530. 650. 
Blue flame initiation be- Coalesced blue 
Cool flames. hind the cool flames. flames. 

656 451 619 5&8 610 6-17 . 6°35 3-70 2-67 2-84 4-29 
0-61 576 167 3-48 1:75 2-68 ‘ . 114 * 2-25 1-67 

64-5 6564 329 242 17:3 24-2 . : 3-27 1-0 a= oa 

1-9 2-66 6-03 11-3 14-08 12-81 . . 15-5 (15-82) 13-7 13-5 

23-4 255 42-4 40-7 456 39-3 : 423 43-8 419 42-6 

2:93 61 4109 13:7 170 16-2 . . 22-2 23-2 21-65 24-7 
Hy ............ 2°34 102 265 1:82 1-65 0-49 . , 13-45 14:15 182 142 . 
C,H,+C,H, 2-51 842 7-7 14:78 15-83 15-39 . . 16-64 15-82 15-95 15-17 

* Not determined. 


hydrogen are produced by the breakdown of the same material, which may give rise 
either to ethylene or to acetylene and hydrogen. 
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Throughout the cool-flame pressure range the amount of oxygen consumed increased 
with pressure, at first very rapidly, and thereafter more slowly. The initial rapid increase 
probably corresponded with the increase in flame speed as the pressure was raised above the 
lower limit; this in turn, no doubt, depended.on the fact that at the lowest pressures the 
flames did not fill the tube. In general, the flame speed is related to the amount of oxygen 
burnt in the flame front. 

It was at first thought to be significant that the oxygen content in the products decreases 
to zero with the formation of the coalesced ‘‘ blue”’ flame; it will be shown in a subsequent 
paper, dealing with acetaldehyde, however, that such a flame may: not necessarily use up 
all the available oxygen. 

Experiments with Stationary Flames.—To obtain satisfactory amounts of liquid products 
for analysis, the apparatus illustrated in the figure was used, The burner, B, consisted 
of a Pyrex-glass tube 24 in. long ; this was #}’’ in diameter for half its length, then tapered 

M 
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as a uniform cone to 3’. Side arms were fitted on opposite sides of the tube at each end 
of the portion of uniform bore. Preliminary experiments had shown that the igniting 
wire must not be allowed in the main gas stream (cf. Legler’s experiments), as intense surface 
combustion was liable to take place on it; for this reason it was placed in a }” Pyrex tube 
connected to the end of the burner at J; this proved quite satisfactory, as this tube was 
used only as a by-pass when no products were being collected; normally, therefore, the 
wire was out of the gas stream. The burner was immersed in iced water. 

An early difficulty to be overcome was that of determining the volume of gaseous 
products leaving the apparatus. It had originally been intended to use a balance of 
nitrogen entering and leaving the system for this purpose; it was found, however, that 
if even 5% of nitrogen were present in the oxygen supplied to the ether saturator, the 
flame in the cone became unstable. In the circumstances, the water pumps which were 
employed for the evacuation of the gaseous products discharged into gas separators and the 
gas then passed through a meter. This method of estimating the volume of gaseous 
products was checked by suitable control experiments using the closed-tube method, the 
condensable products being frozen out in solid carbon dioxide and the pressure measured. 

The procedure when carrying out a run with the stationary flame was to collect the 
liquid products while about } cu. ft. of oxygen was put through; at the same time a 
sample was taken of the gaseous products. During a run, every effort was made to adjust 
the rate of flow so as to keep the flame as far from the apex of the cone as possible. In 
the case of the “‘ blue” flames, however, this could not be achieved, as the pumps used 
were unable to evacuate fast enough, with the result that the “ blue ”’ flame always ran 
into the narrower part of the burner, where it took on the structure of an uncoalesced 
flame. It seems probable that the products of a coalesced flame would contain only traces 
of unburnt ether, aldehydes, and peroxides, instead of the considerable quantities shown 
in Table III. At the end of the run, the washing and condensing vessels were emptied 
into a graduated flask, and the solution made up to 1000 c.c. The methods of analysis 
are given later. 

The samples of the gaseous products obtained from the cone usually had much the same 
composition as those taken in the moving-flame experiments, showing that the main re- 
actions were the same in the two cases in spite of the fact that the cone apparatus was 
naturally at 1 higher temperature than the explosion tube. The amount of hydrogen 
from the “ cool” flames, however, was usually somewhat higher than in the tube experi- 
ments (varying from 2 to 6%) while the carbon dioxide was also higher (5-5—8%); the 
latter might be expected from analogy with experiments in heated reaction tubes, since 
it is generally considered that the carbon dioxide is produced by thermal decomposition 
of an intermediate product. The analyses of typical samples of the gaseous products from 
the cone apparatus are given in Table II. Attention may be directed to the unusual 


TABLE II. 
Gaseous products of stationary cool ata (% by vol.). 


, mm. 
“23 


8- 
3- 
23- 
10- 
3 
1 


5. 
1 
“45 
0 
2 
0 
2 
0 
65 


9- 
1. 
ark ES | Y . 13- 
nature of the sample obtained from the flame at 210 mm. pressure; it was never possible 
at any other pressure to obtain samples containing such a high concentration of acetylene 
and low concentration of ethylene. 
Table III gives the principal products obtained from the stationary flames when 
burning at three representative pressures. It will be seen that the amount of acids pro- 
duced was always quite small; and the quantity of permanent gases was greatly increased 
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with the appearance of the ‘“‘ blue’ flame. The peroxides all reacted with ice-cold potas- 
sium permanganate rapidly, so that they were presumably for the most part derivatives 
of hydrogen peroxide, especially the bishydroxymethyl peroxide prepared by Legler, and 
the corresponding bishydroxyethyl peroxide derived from acetaldehyde. No attempt 
was made to estimate the alcohol present; there is also some doubt as to the exact com- 
position of the mixed aldehydes. The chief difference between the “‘ cool ’’ and the “‘ blue ” 
flames was that, whereas the former produced large amounts of aldehyde and peroxides, 
these compounds seemed to be largely destroyed again in the “‘ blue”’ flame, so that the 
“blue” flame is presumably for the most part a series of exothermic decompositions, 
possibly brought about by the interaction of peroxides with one another or with aldehyde ; 
oxidation reactions probably play only a secondary part. A more precise statement 
than this cannot yet be made. It was also obvious that acetaldehyde (which in all cases 
constituted over 62% of the aldehydes present) was playing a predominant part in both the 
“cool”’ and the “ blue” flames; further examination of the ether has therefore been 
deferred until the case of acetaldehyde itself has been examined in detail under similar 
experimental conditions. 
TABLE III. 


Products (g.-mols.) obtained from 1 g.-mol. each of ether and oxygen. 


(Note: The “ blue” flame appeared at 300 mm. pressure.) 


Cool ** Cool ” and Cool ** Cool” and 
Type of flame. flames. “blue” flame. Type of flame. flames. “blue” flame. 
Pressure, mm. 200. 290. 650. Pressure 290. 
Total peroxides 0-076 0-077 ° 
Total aldehydes 0-5 0-548 2 ssccsecceeee O10 0-14 
CH,°CHO ............ O31 0-335 S Qn ccctnncoeaeecpccconcs,. OOD. OBIS 
--- 0-185 0-21 
08. 163 * Unchanged Et,O 0:62 0-73 
. 8 O01 . ed Et, 0-62 7 
0-016 0-20 * HAO ......seeeceeeeeee 062 0-73 
* Calculated on the assumption that ail unaccounted for carbon is ether, and the rest of the 


hydrogen and oxygen is water. No allowance has thus been made for any alcohols which may be 
present. 


The Flame Temperatures of the “‘ Cool’’ and the “‘ Blue’’ Flames.—An attempt has been 
made to measure the flame temperatures of both types of flame by means of a thermo- 
couple inserted into a piece of Pyrex quill tubing and running the length of the conical 
burner. The thermocouple was enamelled for electrical insulation, and could be pushed 
backwards and forwards in the quill tubing so as to locate the hottest zone of the flames. 
The measurements showed the temperatures of the cool flames to be a maximum on the 
flame front, falling off uniformly towards the tail of the flame; as anticipated, the tran- 
sition flame had two maxima, one at the front of the “ cool” and the other at the front 
of the “‘ blue ”’ zone. 

The absolute measurement of temperature cannot be regarded as entirely satisfactory, 
because of unknown catalytic effects induced by the thermocouple sheath; moreover, 
the enamel insulation on the thermocouple did not withstand the flame temperature very 
well. Bearing the foregoing remarks in mind, however, the following values may be taken 
as representing the observed temperature ranges quite closely. 


The “ cool” flame, 320—395° : 
The “ blue” flame, 460—510° } depending on the pressure. 
These values would probably be higher when the “ blue” flame had actually coalesced 
with the “ cool ”’ flame. 
DISCUSSION. 


It appears that the “ blue ” flame cannot be initiated thermally, for it always appears 
in the tail of the “‘ cool” flame where the products of combustion are already beginning 
to cool; it is more likely, therefore, to result from the spontaneous decomposition of 
certain materials which have reached a critical concentration. This view is contrary to 
that expressed in certain quarters that the two-stage ignition is a thermal phenomenon. 
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Early in the present investigation it appeared likely that the “ blue” flame might be 
initiated by the exothermic breakdown of peroxides produced in the “cool” flame; 
at present, however, we have insufficient evidence to support this view. Neumann and 
Toutakin (Compt. rend., 1937, 205, 278) found that diethyl peroxide breaks down explosively 
when its partial pressure at any given temperature reaches a critical value (e.g., about 
1-5 mm. at 320°); they also found that there is a partial pressure of 1-5 mm. of peroxide 
at the end of the induction period (115 secs.) in a pentane—-oxygen mixture at 320°. More- 
over, if this amount of diethyl peroxide is added to a fresh mixture, the induction period 
disappears. This suggests that the spontaneous decomposition of the peroxide initiates 
the “‘ cool’ flame with pentane. Harris and Egerton (Proc. Roy. Soc., 1938, A, 168, 1) 
agreed qualitatively with Neumann and Toutakin’s finding concerning the spontaneous 
decomposition of diethyl peroxide; they were unable, however, to initiate the “ cool” 
flame in butane-oxygen mixtures by this means. No previous investigation has extended 
to the second stage in the ignition process. 


Analysis of Products.—All gas analyses were carried out in a Bone and Newitt apparatus, 
the usual methods being used. The contents from both condensers and wash-bottles were 
combined and made up to 1000 c.c., the analyses being carried out on the solution obtained. 

The condensable and the soluble liquid products were estimated as follows. 

Acids. The amount of acid produced was so small that no attempt was made to differentiate 
between acetic and formic acid except in so far as the titration with sodium hydroxide gave 
different results depending on whether phenolphthalein or methyl-orange was used. The 
difference between these titrations indicated that the amount of acetic acid was about seven times 
that of the formic acid. 

Total aldehydes. The solution for analysis was neutralised to phenolphthalein by sodium 
hydroxide. A known excess of the alkali was then added, together with an excess of hydrogen 
peroxide (10-vol.), and the mixtures steamed in a pressure bottle for 10 minutes. When cold, 
the excess alkali was estimated by back titration with 0-ln-sulphuric acid. The results were 
checked by determining the amount of hydrochloric acid set free when a known volume of the 
solution for analysis was made to react with hydroxylamine hydrochloride. The formaldehyde 
was estimated by boiling the acid solution (after oxidation with hydrogen peroxide and removal 
of alcohol) with excess of mercuric chloride: the results obtained, however, were not very 
satisfactory. 

Total peroxides. ‘Three independent methods were used for this determination : (a) Titration 
with ice-cold potassium permanganate solution in presence ¢f sulphuric acid; (6) colorimetric 
titration with titanic chloride; (c) liberation of iodine from potassium iodate in presence of 
ammonium molybdate in acid solution. All these methods gave the same result within 24%. 
No attempt was made to estimate alcohol. 


We thank the Gas Light and Coke Company for their Fellowship during the tenure of which 
by one of us (M. M.) the work recorded herein was carried out at the Imperial College, London. 
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29. Discontinuities in Adsorption Processes. 
By H. H. CHampBers and A. Kine. 


A new technique for measuring the adsorption of gases by solids described in a 
previous paper (J., 1939, 139) has been applied to the problem of discontinuous adsorp- 
tion. Several criticisms of the method are shown to be invalid, and a preliminary in- 
vestigation: of the adsorption of vapours by various solids is described. New and 
conclusive evidence for the existence of discontinuous adsorption has been obtained 
with several different vapours on charcoal, silica gel, chromic oxide, and chabasite. 
Allmand and Burrage’s general conclusion that vapours are adsorbed discontinuously 


by complex solids is confirmed, and is shown to be true also of the crystalline material, 
chabasite. 


BEFORE 1931 it was believed that the adsorption isotherms of gases and vapours on solids 
were continuous smooth curves. In that year, however, Allmand and Burrage published 
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the first of a series of papers (Proc. Roy. Soc., A, 180, 610) describing measurements by the 
static method which seemed to show that the isotherms of various vapours on charcoal 
and silica gel consisted of a series of well-defined loops cutting each other at definite pressures. 
These loops could only be detected if a very large number of points were determined : 
generally it was necessary to make at least three measurements for every mm. rise of 
pressure, and often as many as 10 were required. Since it had never previously been con- 
sidered necessary to determine as many points as this to fix the exact course of the isotherm, 
the discontinuities had been missed by earlier workers. 

Definite loops were found with carbon tetrachloride, carbon disulphide, benzene, water 
vapour, #-amyl alcohol, and carbon dioxide on several different charcoals, and some 
evidence for reproducibility of the curves in detail was obtained. Later experiments in 
which the dynamic retentivity method was employed gave very sharply defined rectangular 
steps in some cases (Trans. Faraday Soc., 1932, 28, 218). More recent work by Burrage, 
with both static and dynamic methods, seemed to indicate that the rectangular stepped 
type of curve was very common (sbid., 1933, 29, 458). Some of Burrage’s results, however, 
are open to criticism, because Foster has shown that the retentivity technique often fails 
to give even a fair approximation to the true isotherm (sbid., 1936, 32, 1559). 

Discontinuous adsorption has been examined in some detail by Benton and White 
(J. Amer. Chem. Soc., 1931, 58, 3301); with hydrogen on reduced nickel, iron, and copper, 
very marked discontinuities were observed. A few other cases have been reported : 
Simon found discontinuities in the adsorption of nitrogen and hydrogen by dehydrated 
chabasite (Z. phystkal. Chem., 1928, A, 132, 456); Bull and Garner found complex, dis- 
continuous relationships between the heat of adsorption and the amount of oxygen and 
nitric oxide adsorbed by charcoal (Nature, 1929, 124, 409); Schuster obtained a discon- 
tinuous curve for the adsorption of hydrogen by charcoal (Trans. Faraday Soc., 1932, 28, 
423), Storfer (Z. Elektrochem., 1935, 41, 868) found stepped curves for the adsorption 
of nitrogen and methane by graphite, and Ubbelohde and Egerton obtained discontinuous 
dynamic isotherms for the adsorption of hydrogen by charcoal at liquid-air temperatures 
(Proc. Roy. Soc., 1932, A, 184, 512). The very large steps in the isotherms of carbon tetra- 
chloride and benzene on plane surfaces of mica (Bangham and Mosallam, ibid., 1938, A, 
165, 553) are probably of a different type; it seems possible that they may be explained 
in terms of the completion of molecular layers. 

There is then considerable evidence of the discontinuous nature of adsorption processes, 
but since some of it is unreliable, there has been a tendency for the whole phenomenon 
to be regarded with suspicion. The present investigation was therefore begun in order to 
obtain reliable data by an independent method, and in addition to affording new evidence 
for the existence of discontinuous adsorption, it has shown that the phenomenon is general. 


EXPERIMENTAL. 


Method.—The principle of the method is that adsorption is measured by observing the rise 
or fall of a “‘ hydrometer”’ floating in mercury and carrying the adsorbent in the pan. A 
detailed account of the technique has already been given (loc. cit.), but as the reality of the dis- 
continuities depends upon the exactness of the experimental method, a few possible sources of 
error must be discussed. 

It was found that if the temperature of the thermostat bath was changed by 1°, the level 
of the float was changed by 0-320 cm. (due to change of density of the mercury); hence a 
temperature change of 0-01°, which was the maximum variation registered by a Beckmann 
thermometer, would change the level of the float by 0-03 mm., which is just about the limit of 
accuracy of estimating the level. The error in the calculated amount of adsorption introduced 
by temperature changes, could not, therefore, be more than 0-5 mg., and even in the most 
unfavourable cases it would require an error at least ten times greater than this to explain the 
deviation of points from smooth curves. 

Further possible sources of error might arise from the sticking of the float or inaccuracy of 
the manometer. When the manometer was calibrated against an oil manometer, however, 
no appreciable deviation from a straight line was obtained, so the maximum error (0-02 mm.) 
attributable to the second possibility is far too small to account for the discontinuities. Stick- 
ing of the float seemed unlikely, because not only could it be seen to oscillate about its equilibrium 
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position, which could be reproduced, but also if sticking had occurred the experimental points 
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would have been displaced to the opposite side of 
the smooth curve from that on which they 
were observed to lie in many cases. However, 
an experiment was devised to see whether the 
technique was capable of giving a smooth curve in 
a case where discontinuities could not possibly be 
present. A vapour-pressure curve for mixtures 
of sulphuric acid and water was determined 
in exactly the same way as for an adsorption 
isotherm. A little 80% sulphuric acid was placed 
in the pan of the float, and after evacuation of 
the system the acid was allowed to absorb water 
vapour by opening the apparatus to the storage 
system for an instant. The curve obtained 
(Fig. 1) shows conclusively that the technique is 
sound, and it must therefore be concluded that 
the discontinuities in the curves given later are 
not due to experimental error. 

Adsorption of Water Vapour by Silica Gel.— 
The gel was a fine-grade commercial sample. 
Equilibrium was established fairly rapidly, 
although there was a slight drift which persisted 
even after flushing out at a high temperature. 
The drift was ignored and readings were taken 
about } hr. after admission of the vapour charge. 
Parts of the isotherm are given in Fig. 2, where 


some of Allmand and Burrage’s results, obtained for a similar system by the retentivity method, 
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(The upper stepped curve is from the results of Allmand and Burrage by the retentivity method.) 
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are given on the same scale. The curves are definitely discontinuous but rectangular steps are 
certainly not present. 

Adsorption of Carbon Tetvachloride by Silica Gel (Fig. 3).—Points on the adsorption (V) and 
the desorption (I, II, III, and IV) curves were determined with the same sample of silica gel. 
Special attention was. paid in this case to the attainment of equilibrium. For curve I the 
points were determined 1 hr. after the vapour charge had been admitted, for II and III the time 
intervals were 15 and 10 mins. respectively, for IV and V readings were taken when the pressure 
had remained constant for 10—15 mins. Drift appeared to be absent with this system : in one 
case a reading taken 20 mins. after admission of the vapour charge remained unchanged after 
15 hours. 


Fic. 3. 





s 


3 


s 
NS 
S 
RS 
$ 
< 
5 
x 


) 
Ss 








1 L 


tL f 





10 
Pressure(mm.). 
Adsorption of carbon tetrachloride by silica gel. 


The magnitude of the breaks in Fig. 3 appears to be approximately constant. The curves 
are not reproducible in detail, and although there is some indication that the breaks are occurring 
at the same pressure in every case, too much emphasis should not be placed on this point. There 
is little doubt that the breaks actually exist, but there is ari insufficient number of points to 
determine the exact course of the curve. 

Adsorption of Carbon Tetrachloride by Sugar Charcoal.—A sample of pure sugar charcoal, 
prepared from “‘ AnalaR ” sucrose, was activated in moist oxygen at 800°. It was placed in 
the apparatus and flushed out with carbon tetrachloride first at room temperature and then at a 
higher temperature. During the latter flushing out a slight white film was deposited on the 
cold parts of the apparatus. Microanalysis showed it to consist chiefly of mercurous chloride, 
formed presumably by reaction between mercury vapour, carbon tetrachloride, and water held 
on the charcoal surface. 

Adsorption and desorption curves for carbon tetrachloride are given in Figs. 4 and 5 
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respectively. The adsorption curve is particularly convincing because of the large number of 

points measured. The curves were not reproducible in detail, although it was often possible to 

go back and put in an extra point, provided 

Fic. 4. the pressure change involved was not too great. 

Equilibrium was established within 30 mins. and 
no drift was observed. 

Adsorption of Water Vapour by Sugar Charcoal. 
—The charcoal was the same sample as that 
used in the previous experiment, and since it 
had been thoroughly flushed out and not exposed 
to air at the completion of the run with carbon 
tetrachloride it is probable that it contained very 
little chemisorbed oxygen. 

The curve given in Fig. 6 is a composite one. 
The experiment was carried out before the adjust- 
ment device had been fitted, and so it was 
necessary at two stages to open the apparatus 
and remove a little of the charcoal, so that the 
float could be brought back to a position with the 
lower end of the stem in the surface of the 
mercury. The short vertical lines on the curve 
0 a ees show where these adjustments were made. After 

0 02 04 06 08 TO 12 74 each adjustment the charcoal was thoroughly 
Pressure (mm.). flushed out and the run continued, and although 
Adsorption of carbon tetrachloride by sugar the overlapping parts of the curves did not agree 

charcoal. in detail, the general direction of the curve re- 
mains the same. Even the flat portion of the 
— — well-marked discontinuities when plotted on a larger scale (see the upper curve in 

ig. 6). 

Adsorption of Water Vapour by Silica Gel_—The adsorption isotherm of water vapour on 
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silica gel was determined with a slightly modified form of the apparatus. By filling the apparatus 
with vacuum-pump oil instead of mercury, its sensitivitity was increased 15-fold. A preliminary 
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determination of the solubility of water vapour in the oil showed it to be so small that no 
errors could arise from this cause. 

A “‘ hydrometer ” of the same type as that used with mercury could not be made to float 
in a stable position in oil, and so the form adopted was that shown in Fig. 7. The vapour had 
to pass through the hollow stem to reach the adsorbent, but this could not have appreciably 
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delayed the setting up of equilibrium. The float carried a load of 13 g. and had a sensitivity 


factor of 13 mg./mm. Sticking was prevented by the film of oil between the float and the outside 
tube. 


Discontinutties 1n Adsorption Processes. 
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The adsorbent was a sample of the commercial silica gel ‘‘ Quepric.” It was activated by 


heating in a vacuum at 200° until the pressure had reached a negligible value. 


of oil made it impossible to heat the adsorption 
apparatus, the activation was carried out in a separate 
tube. At the end of the activation the float and the gel 
were rapidly transferred to the adsorption apparatus, 
and the gel was flushed out several times at room 
temperature. | 

Several determinations both of adsorption and of 
desorption isotherms were carried out. The curves 
were found to be discontinuous but not reproducible in 
detail. At first, equilibrium was reached slowly, and 
drift was present, but thorough flushing out reduced it 
to an insignificant value. In later experiments pressures 
remained absolutely. constant for periods up to 14 hours 
after equilibrium had been reached, and in one case the 
drift overnight was detectable with the oil manometer, 
but would have been only just outside the probable 
error of a mercury manometer. Hence it seems that the 
later curves represent true equilibrium. 

One of the later curves is given in Fig. 8, where 
pressures are expressed in mm. of mercury. The points 
above 3-8 mm. are desorption points: the others are 
adsorption points. The precision of the method is such 
that on the scale of Fig. 8 experimental error is not 
visible. It will be seen that well-marked loops are 
present and each loop is quite smooth. They are quite 
different from the rectangular steps obtained by Allmand 
and Burrage for a similar system. Arrows have been 
drawn in Fig. 8 to mark the end of each day’s run, and 
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it will be seen that the discontinuities cannot be attributed to drift due to leaving the 


apparatus overnight. 


Adsorption of Chloroform by Chromic Oxide.—Evidence of discontinuous adsorption in the 
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system chromic oxide—chloroform was first obtained in this laboratory by Harbard, using a 
static method (this vol., p. 19). In order to confirm this fact several experiments were 


carried out by the present method, with the apparatus filled with mercury again. 
A very porous sample of chromic oxide with excellent adsorbent properties was prepared 


by heating ammonium dichromate. It had a very low bulk density and was easily blown out 
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of the pan unless great care was taken while the apparatus was being evacuated. The chloro- 
form was dried over calcium chloride, redistilled, and fractionated in a vacuum. 
For the first run the oxide was flushed out three times at room temperature with chloroform, 


and then left overnight in contact with the vapour at 50 mm. pressure. Before the run was 
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commenced the oxide was pumped out for 14 hrs. Equilibrium was established very rapidly : 
it was quite complete in 5—6 mins. and there was no sign of drift. Readings taken 10 mins. 
after admission of the adsorbate were constant to 0-2 mm. for 17 hrs. 

The result of the first run is given in Fig.9,I. The breaks extend over comparatively large 
ranges of pressure. Desorption curves were similar, but were not reproducible in detail. 

Curve II in Fig. 9 was obtained after flushing out five times more at room temperature. 
It confirms the interesting fact, first noticed by Harbard, that flushing out not only 
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reduces considerably the total adsorption with this system, but also changes the general 
shape of the isotherm. Some. of the smaller breaks seem to have disappeared. In Fig. 10 
(in which pressures are expressed in cm.) further effects of flushing out are seen. As far as can 
be seen the smaller breaks have disappeared. In the flat portion of the curve between 0-5 cm. 
and 4-5 cm. pressure, only a few points are available, but the vapour was actually added in small 
successive charges and the float did not move at all. Hence it was not considered worth while 
to make many measurements in this region. The general shape of the curve has been confirmed 
by Harbard with the static method. 

Adsorption of Ammonia and Water Vapour by Dehydrated Chabasite.—This substance was 
used in view of Evans’s results (Proc. Roy. Soc., 1931, 184, 97) on its adsorption of ammonia. 
He found little change in the appearance of the crystals after many hydrations and dehydrations 
over a period of several months, but as soon as the dehydrated crystals were allowed to adsorb 
ammonia they were broken down to a microcrystalline powder containing some amorphous 
material. The heat of adsorption determined with the crystalline solid was abnormally low, 
since a considerable amount of energy was required to split the crystal lattice, but subsequent 
determinations on the microcrystalline powder gave normal values. 

The reason for the breakdown of the chabasite is clear when its structure is considered 
(Taylor, ibid., 1934, 145, 80). The zeolite structure is based on a framework of linked tetra- 
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hedral groups of oxygen atoms arranged about atoms of silicon and aluminium. The framework 
is rendered electrostatically neutral by the presence of cations (¢.g., calcium ions), and the lattice 
is penetrated by long channels containing water molecules. The stability of the lattice is 
independent of the presence of water molecules in the case of chabasite. According to the 
Bernal—Fowler theory, the electron-density distribution in the water molecule is such that the 
molecule may be considered as a tetrahedron with two positive and two negative corners. 
The charge distribution in the channels in the lattice of chabasite is similar to this, and conse- 
quently water molecules fit into the channels with their negative corners satisfied by cations and 
their positive corners by oxygen ions. The ammonia molecule, having a different charge 
distribution and being slightly larger, does not enter the channels so easily, and when water is 
replaced by ammonia strain is set up and the crystal is shattered. 

Hence it is seen that during the process of adsorption of ammonia by dehydrated chabasite, 
fresh surfaces are constantly being exposed by shattering of the crystals. Piper (Trans. Faraday 
Soc., 1933, 29, 538) and Wilkins (ibid., 1932, 28, 424) have endeavoured to give a general explan- 
ation of discontinuous adsorption in terms of the sudden appearance of fresh surfaces due to 
splitting of the adsorbent, and consequently, if their hypotheses are valid we should expect the 
adsorption of ammonia by chabasite to exhibit particularly well-marked breaks. Preliminary 
experiments were carried out to determine if this is so. 

A sample of Novia Scotia chabasite was broken into pieces the size of a small pea, and de- 
hydrated by 3 hrs.’ evacuation at 100° and a further 12 hrs. at 300°. The colour of the crystals 
changed slightly, but their external form was unaffected except for a very small amount of 
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powder which was formed. The crystals were rapidly transferred to the adsorption apparatus 
and evacuated to zero pressure at as high a temperature as possible. 


The adsorption isotherm of water vapour was first investigated. Equilibrium was established 
instantaneously; so rapid was the adsorption, in fact, that even when the apparatus was in 
direct communication with the reservoir of liquid water the manometer failed to register a 
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pressure. A large amount of water vapour was adsorbed before the pressure began to rise, 


and since this amount is not known accurately the values for the adsorption in Fig. 11 start 
from an arbitrary zero. The isotherm (Fig. 11, curve I) is smooth up to 2 mm. pressure, but 
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above this discontinuities begin to appear. The time required for the establishment of equili- 
brium was extremely short on the smooth part of the curve, but considerably longer on the 


discontinuous part. In no case, however, was it more than 10 mins. At the end of the run it 
was found that some of the crystals had crumbled slightly and a very small amount of powder 
had been formed. It was not possible to determine a desorption curve because most of the water 
could not be removed at room temperature, but in view of the slight breakdown of the crystals 
it seems unlikely that the isotherm is reproducible in detail. 


The second determination was of the adsorption isotherm of ammonia on partly dehydrated 
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chabasite. The ammonia was prepared by dropping concentrated solution on solid potassium 
hydroxide, and drying the gas with solid potassium hydroxide and metallic sodium. The gas 
was condensed in a U-bulb containing metallic sodium and immersed in solid carbon dioxide 
andether. After fractionation of the liquid ammonia several times, it was allowed to evaporate 
into a 3 1. glass bulb attached to the storage system. The same sample of chabasite was used 
and it was evacuated at as high a temperature as possible without being removed. from the 
adsorption apparatus. It was by no means completely dehydrated. The first part of the 
ammonia isotherm is given in Fig. 12. Equilibrium was reached rapidly at lower pressures 
(but not as rapidly as with water), but at later stages periods up to 30—40 mins. were required. 
Breaks occurred on the steep part of the curve, and above 0-75 mm. pressure the curve seems 
to be continuous. There is no doubt that the crystals were being broken down during adsorp- 
tion, because at the end of the run they consisted mainly of an extremely fine powder. It 
seems that drastic breakdown of structure such as this will not give very marked discontinuities. 

A final experiment was carried out to measure the adsorption of water vapour on the powder 
obtained by keeping chabasite in contact with ammonia at 1 atm. pressure for 24hrs. The results 
are plotted in curve II, Fig. 11. The small breaks have disappeared, and the total adsorption 


has decreased, as might be expected, owing to the destruction of the water channels during 
the disintegration of the crystals. 


DISCUSSION. 


The preliminary investigation described here has confirmed by a new method the 
general conclusions of Allmand and Burrage, that adsorption by complex adsorption is a 
discontinuous process. So far, however, no cases of isotherms exhibiting definite rect- 
angular steps have been found, and no evidence has been obtained that the discontinuous 
curves can be reproduced in detail. It is hoped to carry out a more exhaustive study of a 
few typical systems in order to settle these points and to provide data for theoretical 
considerations. 

None of the theories hitherto advanced as explanations of discontinuous adsorption 
can be regarded as more than tentative. The obvious suggestion that the breaks are due 
to the existence of areas of different adsorption potential would mean that the surface of 
the adsorbent is divided into a finite number of regions each possessing a definite surface 
energy. It is far more likely that there is a continuous variation of adsorption potential 
from point to point on the surface, and that no particular values predominate. It is true 
that the surface of, ¢.g., charcoal is composed of several areas of different catalytic activity, 
but these areas are associated with chemical rather than with physical sorption, and in 
any case their number is insufficient to account for the number of breaks observed. The 
number, magnitude, and irregularity of the breaks also exclude the possibility of their being 
due to the completion of monolayers of adsorbed gas. 

Allmand and Burrage’s view (loc. cit.), based on ideas of Goldmann and Polanyi, and of 
Semenoff, is that the breaks are due to the formation of “‘ islands ” of sorbate about active 
centres on the surface of the adsorbent. Concentric rings of molecules are supposed to be 
built up around active points, and the completion of a ring is marked by a discontinuity. 
Benton and White’s views (loc. cit.) are very similar. They consider the formation of con- 
centric rows of molecules on the crystal faces of the adsorbent, starting from the edges 
and working in towards the centres of the faces. Molecules condensing close together 
on the surface are assumed to evaporate less readily than isolated molecules. The approxi- 
mately constant size of the breaks observed by these authors is taken as evidence in support 
of the theory. 

Wilkins suggests that the breaks might be due to adsorbed molecules entering cracks 
and splitting them open so as to expose fresh surfaces on which further adsorption could 
take place. It is difficult to see how this theory can be applied if the curves really are 
reproducible, although Wilkins suggests that the adsorbed molecules may increase the 
intergranular distances without permanently affecting the structure of the adsorbent. 
With charcoal the theory can be correlated with the expansion which is known to occur 
during adsorption. A more serious difficulty is that no reason can be suggested to explain 
why the sudden increase of intergranular distance should occur at the same pressure for 
every grain, for unless this happened the breaks would be too small to be observed. 
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A somewhat similar theory has been put forward by Piper. He suggests that in the 
neighbourhood of cracks or capillaries, where the lattice of the adsorbent is disarranged, 
strain may be relieved by the formation of labile linkages between atoms on opposite sides 
of lattice gaps. These linkages may be broken when gas molecules are adsorbed, and if 
they happen to be conveniently grouped together the simultaneous breaking of a number 
of them may result in a drastic rearrangement of the surface to release the strain set up. 
In this way the pore diameter may be increased or the surface area available for adsorption 
may undergo a sudden change. The theory is obviously incapable of explaining repro- 
ducible discontinuous adsorption. 

A theoretical interpretation of the present results cannot yet be given, but the results 
for dehydrated chabasite are of interest in the light of the theories of Wilkins and Piper. 
This is the only case where definite proof is available that breakdown of the structure 
occurs during adsorption. It would be expected, therefore, on the basis of the above theories, 
that discontinuities would be particularly marked. Actually, the isotherms do not differ 
greatly from any of the others given here. In fact, the adsorption of ammonia, which gives 
the greatest amount of disintegration, actually gives a smoother curve than does water, 
where the disintegration is almost negligible. 
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30. The Associating Effect of the Hydrogen Atom. Part V. 
Nitroarylhydrazones. 


By Louis HuNTER and JoHN A. MARRIOTT. 


Cryoscopic measurement has been made of the molecular weights of a number of 
nitro-substituted arylhydrazones over a range of concentration. The results provide 
direct evidence of a type of hydrogen-bond association long assumed on theoretical 
grounds to be operative in certain substances, viz., that due to the union of unlike 
groups in separate molecules. 

Two different kinds of hydrogen-bond association are therefore distinguishable : 

1. Homogeneous association—between typical associating groups of the same 
kind, as in phenols (—OH-~--~~- HO—), oximes (—NOH-~-~-~-~ HON=—), amides 
(—CO-NHR----= NHR:CO—), etc. 

2. Heterogeneous association—between electron-donor and electron-acceptor groups 


of different kinds, e.g., —-NO,----~ nO, “or HNAr-N=—, and presumably 
many others. 


THERE are many examples of the enhancement of the molecular association of phenols as a 
result of the further substitution of an electron-donor group. This increased association 
is presumably due to the greater variety of intermolecular hydrogen bonds made possible 
by the union of hydroxyl with the new group. The latter mode of association; which 
we propose to call the “ heterogeneous ”” mechanism (see Summary), partly supersedes and 
partly coexists with the “ homogeneous * mechanism, due to union between hydroxyl 
groups alone; the result is usually to increase the proportion of associated molecules. 
Chelation in o-nitrophenol and numerous similar examples is obviously an intramolecular 
manifestation of the heterogeneous effect, but naturally leads, in this special sense, to a 
unimolecular state. An attempt at the quantitative assessment of the above two types 
of association has been made in the case of many substituted phenols by Lassettre (Chem. 
Reviews, 1937, 20, 291), who, by a comparison of the factors of association of substituted 
and unsubstituted phenols, arrives at some measure of the relative bond strength in both 
types df association. 

No direct evidence of the: heterogeneous effect is possible unless a group can be found 
which, whilst being a potentially proton-donor group, shows little or no tendency to homo- 
geneous association. A search of the literature reveals that such a condition might be 
fulfilled in the arylhydrazone group (—N-NHAr), for the work of von Auwers and his 
students (Z. physikal. Chem., 1896, 21, 337; Ber., 1900, 33, 1302) contains examples of the 
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feeble association of aldehyde and ketone phenylhydrazones : but introduction of a nuclear 
nitro-group greatly increases the degree of association. That the association of the phenyl- 
hydrazones, though feeble, is appreciable, is shown by further examples in the present work 
(Fig. 1), and especially by a comparison of their degree of association with that of sub- 
stances in which the imino-hydrogen atom has been either replaced by other groups, as in 
CHAr:N-NRPh, or is engaged in chelate ring formation, as in benzaldehyde-o-nitrophenyl- 
hydrazone (II). In these substances the association is completely checked. Independent 
evidence exists (Hunter and Marriott, J., 1937, 2000) of the electron-donor properties of the 
tertiary nitrogen atom in the phenylhydrazones, and it seems clear that the weak homo- 
geneous association of these substances is due to union between the donor atom (—N—) 
in one molecule with the imino-hydrogen atom in another. 

By an examination of the molecular condition of a further number of nitroarylhydrazones, 
the suitability of the phenylhydrazone grouping as a means of detecting heterogeneous 
association has been fully confirmed. The conclusion has been reached that a high degree 
of molecular association occurs in the nitroarylhydrazones whenever the nitro- and the 
hydrazone-groups in separate molecules are free to unite by means of a hydrogen bond, 
ee eee H—NAr-N=. The following is a summary of the results leading to 
this conclusion. 

1 (See Fig. 1). Benzaldehydephenylhydrazone (I) is weakly associated. Substitution 
of a nitro-group in either phenyl nucleus, as in o-, m-, and p-nitrobenzaldehydephenyl- 
hydrazones and benzaldehyde-f-nitrophenylhydrazone, causes a high degree of association. 
Benzaldehyde-o-nitrophenylhydrazone (II), in which the hydrogen bonding can occur 
intramolecularly, is found to be unassociated. 


(p-) NO,*C,H,-;CH=N-NRPh 


Ph-CH—=N:‘NHPh 


(I.) (III.) 


2 (See Fig. 2). Substitution of a methyl or phenyl group for the imino-hydrogen atom 
of the nitrobenzaldehydephenylhydrazones checks association ; ¢.g., 0-, m- and p-nitrobenz- 
aldehyde-phenylmethylhydrazones (III; R = Me) and -diphenylhydrazones (III; R= 
Ph) are all unassociated. 

3 (See Fig. 3). In the unlikely event of the hydrogen of the methin group being con- 
cerned in hydrogen-bond formation, the effect of its replacement by methyl was examined : 
m-nitroacetophenonephenylhydrazone (IV; R = H) was found to be associated, but the 
corresponding diphenylhydrazone (IV; R = Ph) is unassociated. By dispensing with the 
nitro-group (as in acetophenonephenylhydrazone) and the imino-hydrogen atom (as in 
acetophenonediphenylhydrazone) association is again checked. 


(m-) NO,C,H, ora NRPh 8-0 


\ 
Seu OOO. 


(V.) (V1.) 

4 (See Fig. 4). The case of the isomeric salicylidenenitrophenylhydrazones is of interest. 
The o-compound is unassociated in naphthalene solution, and it is evident that both hydroxyl- 
and imino-hydrogen atoms are chelated (V), and therefore not free to undertake inter- 
molecular bonding. On the other hand, salicylidene-p-nitrophenylhydrazone (VI) is 
associated, and since there is independent evidence (Hunter and Marriott, loc. cit.) of chela- 
tion of the hydroxyl hydrogen, it seems clear that association is due to intermolecular 
union of the nitro- and the hydrazone-groups. The melting-point depressions of these 
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Key To Fics. 1-4. 
Fig. 1.—1 = p-Nitrobenzaldehydephenylhydrazone (III; R=H). 2 =m-Nitrobenzaldehydephenylhydrazone. 


3 = o-Nitrobenzaldehydephenylhydrazone. 4 = Benzaldehyde-p-nitrophenylhydrazone. §= hea 
aldehydephenylhydrazone. 6 = Acetonephenylhydrazone. 7 = Acetophenonephenylhydrazone. 
8 = Benzaldehyde-o-nitrophenylhydrazone (II). 9 = Benzaldehydephenylhydrazone (I). 10 = Benz- 
eeeehaninigealylaginacone. 1l = p-Methylacetophenonephenylhydrazone. 12 = Benzophenonepheny!- 
yydrazone. 


Fig. 2.—1 = pti direhonenldohglopioraiedvasses (for comparison). 2 = p-Nitrobenzaldehydephenylmethyl- 
hydrazone (III; R = Me). = m-Nitrobenzaldehydephenylmethylhydrazone. 4 = o-Nitrobenzaldehyde- 
phenylmethylhydrazone. 5 = p-Nitrobenzaldehydediphenylhydrazone (III; R = Ph). 6 = m-Nitro- 
benzaldehydediphenylhydrazone. 7 = 0-Nitrobenz dediphenylhydrazone. 


Fig. 3.—1 = m-Nitroacetophenonephenylhydrazone (IV; R = H). 2 = Acetophenonephenylhydrazone. 
3 = Acetophenonediphenylhydrazone. 4 = m-Nitroacetophenonediphenylhydrazone (IV; R = Ph). 


Fig. 4.—1 = Salicylidene-p-nitrophenylhydvazone (V1). 2 = Salicylidene-o-nitrophenylhydvazone (V). 
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compounds in the presence of water also bear out these conclusions, that of salicylidene-p- 
nitrophenylhydrazone being 41°, and that of the o-isomer only 18°. 

Evidence external to this investigation and in support of the conclusion reached is 
provided in the many recorded stable addition compounds formed between aromatic 
nitro-compounds and phenylhydrazones (Ciusa, Gazzetta, 1906, 36, ii, 94; Ciusa and 
Agostinelli, Atti R. Accad. Lincei, 1906, 15, ii, 238; 1907, 16, i, 409; Sudborough and 
Beard, J., 1910, 97, 773). The forces holding these components together are doubtless 
similar to those operating in the molecular association of the nitroarylhydrazones. 

Because of the sparing solubility of the substances examined in this work, three different 
solvents were used for the cryosocopic measurements, viz., benzene, naphthalene, and -di- 
bromobenzene. Certain anomalies were encountered in the use of naphthalene; ¢.g., 
the three nitrobenzaldehydephenylhydrazones, though associated in p-dibromobenzene, 
were considerably less associated in naphthalene. This behaviour was eventually traced 
to compound formation between the solutes and naphthalene, tending thus to simplify 
the associated solute molecules. As it is not unusual for nitro-compounds to combine with 
naphthalene (see Pfeiffer, ‘‘ Organische Molekiilverbindungen,” 2nd edn., 1927, p. 335 ff.), 
this solvent was finally abandoned, and #-dibromobenzene was used in its stead. Of the 
crysocopic measurements made in naphthalene and in #-dibromobenzene, only those of 
solutions which form a eutectic system are reported in this paper. 

As in previous parts of this series, apparent molecular weights (M) and association 
factors («) are deduced from the cryoscopic measurements according to the laws of ideal 
solutions. Conclusions as to molecular association are based, not on the absolute values 
of «, which may have no real significance, but rather on the slope of the association- 
concentration curves, a steep curve being interpreted as indicating a high degree of associ- 
ation, and a flat or gently sloped curve a low association. By comparing the slopes of these 
curves for substances of similar constitution, errors arising from departures from the 
ideal laws are very much diminished. ‘* 

In the foregoing tables the solvents in which the measurements were made are given 
in parenthesis, and concentrations are expressed in g./100 g. of solvent. Figures in italics 
are calculated from the work of von Auwers, and, unless otherwise stated, are taken from 
von Auwers and Mann (Ber., 1900, 33, 1302). 


EXPERIMENTAL. 


Ordinary p-dibromobenzene (B.D.H.) was found to be pure enough for cryoscopic solvent 
use, repeated melting and partial freezing yielding a product with unaltered m. p. 

m-Nitroacetophenonediphenylhydrazone was newly prepared ; it formed bright yellow crystals 
from alcohol, m. p. 105° (Found: N, 12-7. C,9H,,N,O, requires N, 12-7%). 

The m. p. of benzaldehydephenylmethylhydrazone (106°) differs from that given in the 
literature (102°). 

The following is a record of freezing-point systems showing compound formation : 

System naphthalene—p-nitrobenzaldehydephenylhydrazone. Unstable compound (1:1 mol.), 
m. p. 123°, eutectic point for mixtures rich in naphthalene at 77°, and eutectic arrest for mixtures 
rich in hydrazone at 113°. 

System naphthalene—m-nitrobenzaldehydephenylhydrazone. Unstable compound (1:1 mol.), 
m. p. 85°, eutectic point (40% by weight of naphthalene) at 67°. 


Grateful acknowledgment is made to the Chemical Society for a grant, and to the Leicester- 
shire Education Committee for a maintenance grant to one of us (J. A. M.). 
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31. Physical Properties and Chemical Constitution. Part V. Alkyl 
Ketones. 


By Davip M. Cowan, GEorGE H. JEFFERY, and ARTHUR I. VOGEL. 


The refractive indices for the C, D, F and G’ lines at 20-0° and the surface tensions 
and densities over a range of temperatures have been determined for the following 
pure ketones: acetone, methyl ethyl, diethyl, methyl »-propyl, ethyl »-propyl, 
di-n-propyl, methyl n-butyl, methyl isobutyl, methyl »-amyl, methyl m-hexyl, and 
diisobutyl ketones. The molecular refractivities and the parachors have been 
evaluated. 

A detailed study has been made of the preparation of diethyl, methyl n-propyl, ethyl 
n-propyl, and di-n-propyl ketones by passage of the appropriate acids over manganous 
oxide at 400°. 


In the present investigation the refractive indices for the C, D, F, and G’ lines at 20-0°, 
the surface tensions and densities over a range of temperatures have been determined for 
the 11 ketones enumerated above, which were purified through their semicarbazones. 
Some of these ketones have been studied by other workers, ¢.g., the surface tension and 
densities by Morgan and Owen (J. Amer. Chem. Soc., 1911, 88, 1713), by Morgan and 
Stone (ibid., 1913, 35, 1505), and by Morgan and Kramer (ibid., p. 1834), and the refractive 
indices by Eisenlohr (Z. physikal. Chem., 1910, 55, 588), but the compounds used were 
purified by fractionation only, and their absolute purity is therefore open to question. 
The results of other investigators which appear to be of value are given for comparison 
in the experimental section. 

The values for the parachor, molecular refractivity for the D line, molecular refraction 
coefficient Mn", and dispersions [Rz]p-, and [Rz]q-> for the homologous ketones are col- 
lected in Table I. The parachor for methyl m-hexyl ketone is not regarded as very satis- 
factory since the substance does not appear to wet glass completely and its contact angle 


TABLE I. 
Ketone. Parachor. Diff. [Rz]p. Diff. Mn. Diff. [Rilr-o. ([Rze-o- 

Me,Me ............... 161-6 16-11 79-00 0-26 0-39 
} 37:9 } 4-56 } 20-41 

SS i 20-67 99-41 0-32 0-50 
i 38-5 } 4-58 \ 20-33 

Me,Pre ............... 238-0 25-25 119-74 0-39 0-59 
\ 39-5 } 4-79 } 20-55 

Me,Bue ........0cc006. 2775 30-04 140-29 0-48 0-72: 
41-6 } 74 } 20-54 

Me,Am ............... 319-1 34-78 160-83 0-55 0-84: 
4-51 } 20-64 

Me,Hee ............... 365°7 39-29 181-47 0-62 0-91 

iil». anmsisecis Me 16-11 79-00 0-26 0-39 
} 2x 379 } 2 x 4-55 } 2 x 20-46 

ete ce Se 25-2 119-91 0-39 0-59 
} 2 x 389 } 2 x 4-65 } 2 x 20:37 

Pro,Pra ......cc.ecee. 8151 34- 160-64 0-54 0-82 
} 2 x 38:3 } 2x 473 } 2 x 20-10 

Buf, Bub... eeeeee 391-6 43-96 200-84 0-70 1-05 


is phate slightly removed from zero; the difference for this compound is therefore not 
included in the table. The figures for ditsobutyl ketone are given since those for di-n- 
butyl ketone are not available. The chief feature of these results is the steady increase 
in the parachor difference for CH, in passing from acetone to methyl -amyl ketone: this 
may be due largely to the Thorpe—Ingold valency deflexion effect. Table II contains the 
corresponding values for isomeric ketones. 

Diethyl, methyl n-propyl, ethyl m-propyl, and di-n-propyl ketones were prepared from 
the corresponding acids by passage over manganous oxide at 4Q0°. This catalyst was 
first employed by Sabatier and Mailhe (Compt. rend., 1914, 158, 831) but no experimental 
details were given, so the reaction has been investigated in detail. The catalyst could 
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TABLE II. 
Para- Para- 
Ketone. chor. [Rz]p. Mn?*. [Rz]v-c. [Rile-o. Ketone. chor. [Rz]p. Mn. [Rz]r-o. [Rila-o. 
Me,Pre 238-0 25-25 119-74 0-39 0-59 Et,Pre 277-3 29-96 140-30 0-47 0-80 
Et’,Et 237-4 25-21 119-91 0-39 0-59 Me,Bue 277-5 30-04 140-29 0-48 0-72 
Pre,Pra 315-1 34:50 160-64 0-54 0-82 Me,Bu® 276-5 30-15 139-78 0-48 0-72 


Me,Ame 319-1 34-78 160-83 0-55 0-84 


not be employed for the preparation of methyl ”-butyl and methyl -amyl ketone owing to 
the production of resinous compounds which tended to block the tube containing the 
catalyst. 


EXPERIMENTAL. 


Preparation of Ketones from Acids with Manganous Oxide as Catalyst.—Construction of 
electric furnace. A thin-walled iron tube, 78 cm. long and 2-8 cm. in internal diameter, was 
securely wrapped with asbestos cloth (ca. 2 mm. thickness), and the central 70 cm. was evenly 
wound with about 10 m. of nichrome wire, No. 30 S.W.G., covered with two thicknesses of the 
asbestos cloth and held in position by copper wire ligatures; the insulation was completed by 
wrapping a further two thicknesses of the asbestos cloth round the tube. With a mains voltage 
of 220 and the introduction of a resistance in the circuit, any temperature between 130° and 






Electric 
furnace MnO 


catalyst 


450° could be readily produced ; e.g., with a current of 1-0 amp. the temperature is 200°, and with 
1-5 amps. it is 400°. The temperature was constant to within 1° up to 28 cm. from the ends of 
the iron tube and to within 5° 20 cm. from the ends. 

Preparation of the manganous oxide catalyst. Small pieces of pumice (3—8 mesh) sufficient 
to fill a length of 70 cm. in a tube of 1-5 cm. diameter were thoroughly stirred with a thick 
suspension of 40 g. of freshly precipitated manganous carbonate (from A.R. manganous chloride 
and A.R. sodium carbonate); the volume of water used should be so adjusted that most of it 
is absorbed by the pumice, since if much water has to be evaporated the manganous carbonate 
does not adhere satisfactorily. The beaker was heated on a hot plate with vigorous stirring 
until most of the water was expelled, then transferred to a shallow porcelain basin and the 
heating continued until the lumps no longer clung together: great care must be taken to 
avoid local over-heating. 

Description of apparatus and method of use. The catalyst is packed into a hard-glass or 
Pyrex tube, 100 cm. long and 1-5 cm. in diameter, and held in position by means of plugs of 
purified glass wool. The glass tube is then inserted into the electric furnace and fixed centrally 
with the aid of asbestos pulp inserted in the annular space at the twoends. The whole apparatus 
is then fitted up as shown in the figure; attention is particularly directed to the constant- 
pressure device in the separating funnel, which permits of dropping the liquid in the funnel 
at a constant rate without the need of adjustment during the addition. The pumice is first 
heated in a gentle streanvof nitrogen for 8 hours at 400—450° in order to convert the manganous 
carbonate into manganous oxide, and then allowed to cool in a stream of this gas. The acid 
(or mixture of acids), previously purified by careful fractionation, is then placed in the separating 
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funnel, the tap of which is smeared with a special vacuum grease (e.g., Edwards’s, soft for 
stop-cocks), the furnace heated to 400° whilst a slow stream of nitrogen is passed through the 
catalyst tube, and the acid allowed to drop from the funnel at such a rate that not more than one 
bubble of gas per second passes through the “ bubbler” at the extreme end of the apparatus; 
the stream of nitrogen is, of course, stopped during the addition of the acid. The apparatus 
requires very little attention, and 72—94 hours are usually required for circulating 1 1. of acid 
over the catalyst. The distillate consists of two layers; the lower, aqueous layer is separated, 
the ketone salted out with potassium carbonate, and added to the main ketonic layer. The 
combined liquids are then treated with small quantities of potassium carbonate until efferves- 
cence ceases (whereby the ketone is both freed from acid and dried), filtered, and fractionated. 
For the simple ketones an ordinary 4-pear column is employed; for the mixed ketones a rough 
separation is first effected with a 12” glass-bead column, and the final separation by several 
distillations though a 5’ Dufton column provided with a spiral of nickel wire. The results of 
the various experiments are collected below. 





B. p. Wt. of Yield, %, of ketone 
_ Wt. of Ketone range of ketone, calc. on smaller wt. 
Prepn. acids used.* obtained. ketones. g. of acid. 
COEt, 738g. P.A. COEt, 101—103° 252 59 
COPre,  840g.B.A. COPra, 142—143 270 50 
r 480 g. (8 mols.) | COMe, 56—57 72 31 
A.A. + 352g. | COMePre 102—104 122 35-5 
(4mols.) B.A. | COPre, 144—146 36 16 
240 g. (4 mols.) | COMe, 56—57 37 32 
A.A. + 352 g.. COMePre 102—104 116 34 
(4mols.) B.A. | COPre, 144—146 43 19 
120 g. (2 mols.) | COMe 56—57 9 15:5 
COMePra,  A-A. + 528g. | COMePre 102—104 73 42 
(6 mols.) B.A. | COPra, 144—146 105 31 
360 g. (6 mols.) COMe 56—57 75 43 
A.A.+176g. COMePre 102—104 15 44 
(2 mols.) B.A. COPre, 144—146 nil 0 
120 g. (2 mols.) | COMe 56—57 12 21 
A.A. + 352g. | COMePre 102—104 15 44 
(4 mols.) B.A. © COPre, 144—146 62 27 
‘692 g. (8 mols.) | COEt, 100—102 204 59 
P.A.+352g. COEtPre 122124 195 49 
(4 mols.) B.A. | COPre, 144—146 35 15 
296 g. (4 mols.) | COEt, 100—102 98 57 
P.A.+ 352g. COEtPre 122—124 214 54 
(4 mols.) B.A. COPre, 144—146 66 29 
148 g. (2 mols.) | COEt 100—102 18 21 
COEtPre{ P.A.+352g. COEtPra 122—124 81 41 
(4 mols.) B.A. | COPra, 144—146 58 25 
148 g. (2 mols.) | COEt 100—102 27 31 
P.A.+528g. COEtPra 122—124 132 66 
(6 mols.) B.A. | COPra, 144—146 104 30 
444 g. (6 mols.) | COEt 100—102 157 62 
P.A. +172 g. COEtPre 122—124 35 18 
(2 mols.) B.A. | COPra, 144—146 nil 0 





* A.A. = Acetic acid; P.A. = propionic acid; B.A. = butyric acid. 


General Method of Purification of Ketones.—The ketones were first distilled, and a fraction 
boiling over 1—2° collected. This was converted into the semicarbazone, which was recrystal- 
lised to constant m. p., dried in a vacuum desiccator over calcium chloride and paraffin wax 
(drying at 100° often produced slight superficial discoloration), refluxed for 30 minutes with 
excess of a solution of ‘‘ AnalaR ”’ oxalic acid, and the ketone separated by steam distillation 
and salting out with ‘ AnalaR ” potassium carbonate. (No ether was employed in the ex- 
traction because of the danger of the presence of ketonic substances and the difficulty of complete 
separation by fractional distillation particularly for the ketones of low b. p.) The ketone was 
dried with anhydrous sodium sulphate, and distilled twice through an all-Pyrex glass apparatus. 
The thermometers were standardised against a set which had recently been calibrated at the 
N.P.L. 

Physical Measurements.—The densities, surface tensions, and refractive indices were de- 
termined exactly as described in earlier papers of this series (compare Part III; J., 1938, 1325). 
Two surface-tension apparatus A and B were employed, the constants of which, when 
determined with pure benzene, were 1-8725 and 2-3449 respectively. 
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In the tabulated results, ¢ is the temperature, h the observed difference in height (in mm.) in 
the two arms of the U-tube, H the corrected value, df. the density (calculated from the observed 
densities by assuming a linear variation with temperature), y the surface tension (dynes/cm.) 
computed from the equation y = KHd, P the parachor, M the molecular weight, and Mn?” 
the molecular refraction coefficient. The parachor was calculated in the usual way, allowance 
for the density of the vapour (calculated by Sugden’s method; J., 1925, 127, 1540) being made 
when the temperature of measurement was within 60° of the b. p. The number in parenthesis 
following the value of yo. is the temperature coefficient of surface tension. All the measure- 
ments of the refractive indices were carried out at 20-0° + 0-05°. Where 20° is used, 20-0° 
is to be understood; 19, %p, my, etc., are to be taken as referring to 2”, etc.; and Rg, etc., to 
[Rz]o, etc. 

Previous work. The parachor values are taken from Sidgwick, Sugden, and Adam (Brit. 
Assoc. Rep., 1932, 265; also given by Sugden, ‘‘ The Parachor and Valency,” 1932). Only 
what appear to be the most trustworthy of the earlier values of the refractive indices are given 
for purposes of comparison. 

Acetone. The “ AnalaR’”’ product was used; semicarbazone, m. p. 190° (e# ethyl alcohol). 
105 G. of the semicarbazone gave 18 g. of pure acetone; b. p. 56°/762 mm.; M = 58-08; 
Nq 1:35827; ny 136023, np 1-36490, nq, 1-36818; Ro 16-04, Rp 16-11, Ry 16-30, Rg 16-43; Rg, 
0-39, Ryo 0:26; Mn" 79-00. 

Densities determined : 43°" 0-7960, d2® 0-7711. 


Yoge = 23°90 (0-10). (* = Apparatus A. ** = Apparatus B.) 


t. h. H. ai. y- ?. 


26-3° 12-74 ** 12-50 0-7906 23-17 161-4 
26-0 16-04 * 15-80 0-7908 23-40 161-7 
42-0 15-19 * 14-95 0-7711 21-75 161-7 
Mean 161-6 
[P 160-9—162-0; Eisenlohr (Z. physikal. Chem., 1910, 75, 585) gives di? 0-79115, nl®* 1-35672, 
Sal 1-35886, nye 1-36366, . “ad 1-36750.] 


Methyl ethyl ketone. Hopkin and Williams’s pure liquid was distilled and a fraction, b. p. 
80—81°, collected ; semicarbazone, m. p. 145° (ex ethyl alcohol); 82 g. yielded 24 g. of the pure 
ketone; b. p. 81°/762-5 mm.; M = 72-10; mo 1:37683, mp 1-37881, ny 1-38333; mg, 1-38712; 
Ro 20°57, Rp 20-67, Rp 20°89, Rg 21-07; Reo 0°50, Ryo 0-32; MnP 99-41. 

Densities determined : 42° 0-8058, d#* 0-7838. 


Yoor = 24:50 (0-10). (* = Apparatus A. ** = Apparatus B.) 

t. h. H. ai. y- P. 
26-5° 16-09 * 15-85 0-7993 23-72 199-3 
42-1 15-23 * 14-99 0-7840 22-01 199-3 
22-5 13-15 ** 12-91 0-8023 24-29 199-6 
41-9 12-31 ** 12-07 0-7842 22-19 199-7 


Mean 199-5 
[P 198-2—198-8; Einsenlohr (loc. cit.) gives diS* 0-80870; nl®* 1-37844, ni5* 1-38071, ne 
138554, ni?" 1-38938.] 


Diethyl ketone. Diethyl ketone, b. p. 102°, prepared from propionic acid, was employed ; 
semicarbazone, m. p. 139° (ex ethyl alcohol). 78 G. of the pure semicarbazone yielded 24 g. 
of the pure ketone; b. p. 102°/751 mm.; M = 86-13; m, 1-39012; np 1-39220, ny 1-39702, 
Ny 140064; Ry 25-10, Rp 25-21, Ry 25-49, Rg 25-69; Rego 0°59, Ryo 0°39;. Mn®" 119-91. 

Densities determined : 42” 0-8138, d{?* 0-7944, d{* 0-7745. 


Yooe = 25°29 (0-11). Apparatus A. 

t, h. tie af. ¥- P. 
21-0° 16-78 16-54 0-8129 25-18 237-3 
40-9 15-70 15-46 0-7944 23-00 237-5 
61-7 14-53 14-29 0-7741 20-71 237-5 


Mean 237-4 
[P = 236-2; Eisenlohr (Joc. cit.) gives aise 0-81750, ad 1-39168, niee 1-39385, ane 1-39877, 
ae 1-40298.] 


Methyl n-propyl ketone. Methyl n-propyl ketone, b. p. 102°, prepared from propionic and 
acetic acids, was used; semicarbazone, m. p. 110° (ex ‘‘AnalaR ’”’ benzene) ; b. p. 102°/756 mm. ; 
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M = 86°13; mo 1:38815, np 1-39018, mp 1-39511, mg 1-39846; R, 25-14, Ry 25-25, Ry 25-53, 
Ry 25-73; Ryo 0-59, Ryo 0-39; Mn? 119-74. 
Densities determined : 42°" 0-8089, di" 0-7870, d&* 0-7673. 


Yoo = 24°82 (0-11). Apparatus A. 


t. h. H. dy. y- P. 
15-6° 16-85 16-61 0-8135 25-30 237-5 
41-3 15-44 15-20 0-7868 22-39 238-3 
62-2 14-23 13-99 0-7659 20-06 238-3 
Mean 238-0 


[P = 233-0 (?), 238-0; Eisenlohr (loc. cit.) gives d®® 0-8089, n° 1-38754, n%2 1-38946, 
ne* 1.39461, ny* 1-39881.] 

Ethyl n-propyl ketone. Ethyl n-propyl ketone, b. p. 125°, prepared from propionic and 
butyric acids, was employed; semicarbazone, m. p. 113° (ex ethyl alcohol); the ketone had 
b. p. 125°/760 mm.; M = 100-16; m, 1-:39844, np 1-40072, my 1-40563, nq 1-41064; Ry 29-81, 
Ry 29-96, Ry 30-28, Rg 30-61; Rg 0-80; Ryo 0°47; Mn?” 140-30. 

Densities determined : 4%” 0-8118, di!* 0-7945, d%" 0-7761, d%%* 0-7536. 


Yooe = 25-54 (0-11). Apparatus A. 


t. h. H. de. y: P. 
25-0° 16-80 16-56 0-8076 25-04 277-4 
42-1 15-90 15-66 0-7940 23-28 277-1 
62-9 14-86 14-62 0-7754 21-23 277-4 
86-9 13-57 13-33 0-7531 18-80 277-3 
Mean 277-3 
[Eisenlohr (loc. cit.) gives d2* 0-81491, n2" 1.39683, n2 1-39889, n 1-40402, n39 1.40813.] 


Di-n-propyl ketone. Di-n-propyl ketone, b. p. 144—146°, prepared from butyric acid, was 
used; semicarbazone, m. p. 134° (ex ethyl alcohol). The ketone had b. p. 145°/767 mm.; 
M = 114-18; no 1-40465, np 1-40692, my 1-41185, ng 1-41568; Ro 34-34, Ry 34-50, Ry 34-88, 
Ry 35°16; Re-o 0-82, Ryo 0-54; Mn 160-64. 

Densities determined : 20” 0-8145, d{* 0-7964, d&?" 0-7783, d%" 0-7559. 


Yao = 25°38 (0-10). Apparatus A. 


t. h. H. dy. y- P. 

16-2° 17-06 16-82 0-8179 25-76 314-5 
42-1 15-93 15-69 0-7958 23-38 315-4 
62:5 14-86 14-62 0-7783 21-31 315-2 
87-5 13-66 13-42 0-7559 18-99 315-4 


Mean 315-1 


[P = 314-1; Bruhl (J. pr. Chem., 1894, 50, 141) gives a2!” 0-8160, n2™7 1-40521, n2!” 1-40732, 
ge 1-41650.] 


Methyl n-butyl ketone. This was prepared from ethyl »-propylacetoacetate, the experi- 
mental details for methyl m-amyl ketone (“‘ Organic Syntheses,” 1927, 7, 61) being suitably 
modified. The fraction, b. p. 127—128°, was used; semicarbazone, m. p. 126° (ex “‘ AnalaR ”’ 
benzene). The ketone had b. p. 127-5°/757 mm.; M = 100-16; m, 1-39861, np 1-40072, ny, 
1-40585,- mg, 1-40943; Ro 29-90, Rp 30:04, Ry 30-38, Rg 30-62; Ryo 0°72, Ryo 0-48, Mn> 
140-29. 

Densities determined : 4?" 0-8095, d* 0-7750, d* 0-7523. 


Yoqe = 25-43 (0-10). Apparatus A. 


t. h. H. dy. y: P. 
21-1° 16-96 16-72 0-8086 25-32 277-8 
61-3 14-91 14-67 0-7744 21-27 276-9 
85-4 13-69 13-45 0-7525 18-95 277-9 


Mean 277°5 


Methyl isobutyl ketone. The fraction, b. p. 118°/763 mm., from an Eastman Kodak product 
was employed; semicarbazone, m. p. 137° (ex ‘‘ AnalaR’”’ benzene). Ketone: b. p. 118-5°/766 
mm.; M = 100-16; no 1-39352, mp 1-39562, my 1-40064, ng, 140420; Ro 30-01, Rp 30-15, Ry 
30-49, Rg 30-73; Reo 0-72, Rp 0-48; Mn?" 139-78. 
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Densities determined : d2°° 0-7978, d&!® 0-7631, d{°* 0-7402. 
Yor = 23-64 (0-09,). Apparatus A. 





t. h. H. dy. y- P. 
23-7° 15-89 15-65 0-7947 23-29 277-0 
62-1 13-98 13-74 0-7626 19-62 276-5 
87-0 12-69 12-45 0-7398 17-25 276-0 

Mean 276-5 


[Eisenlohr (loc. cit.) gives di7* 0-80316, ni? 1-39500, ni? 1-39694, nye 1-40235, .T: 1-40638.] 


Methyl n-amyl ketone. This was prepared from ethyl n-butylacetoacetate (‘‘ Organic 
Syntheses,” 1927, 7, 61), and the fraction, b. p. 150—151°, collected. This was purified through 
the semicarbazone, m. p. 125° (ex ‘‘ AnalaR’”’ benzene). Identical results were obtained with 
commercially pure methyl m-amyl ketone (General Metallurgical and Chemical Ltd.; Carbide 
and Carbon Chemicals Corporation). B. p. 151°/766 mm.; M = 114-18; mg 1-40640, n) 
1-40860, ny 1-41380, mg, 1-41755; Ro 34-61, Rp 34-78, Ry 35-16, Rg 35-45; Rg. 0-84, Ryo 0°55; 
Mn 160-83. 

Densities determined : d2%° 0-8111, d%}” 0-7799; d§** 0-7597. 


Yoo = 26-60 (0-10). Apparatus A. 


t. h. H. a‘... y- P. 
24-0° 17-56 17-32 0-7979 26-20 319-8 
61-9 15-60 15-36 0-7797 22-43 318°7 
87-2 14:38 14-14 0-7579 20-07 318-9 

Mean 319-1 


Methyl n-hexyl ketone. A fraction, b. p. 172—173-5°, from an Eastman Kodak product ° 
was used; semicarbazone, m. p. 124° (ew “‘ AnalaR ”’ benzene). Ketone: b. p. 175°/758 mm. ; 
M = 128-21; mq 1-41309, mp 1-41536, ny 1-42058, ng 1-42409; Ro 39-10, Rp 39-29, Ry 39-72, 
Rg 40-01; Rg. 0-91, Ryo 0-62; Mn? 181-47. 

Densities determined : d%” 0-8179, d%!™ 0-7848, d=* 0-7630. 


Yoo = 25-73 (0-07,). Apparatus A. 


t. h. H. dy. y: P. 
22-1° 16-97 16-73 0-816/; 25-57 353-2 
62-0 15-64 15-40 0-7844 22-62 356-5 
87-5 , 14-57 14-33 0-7634 20-48 357-3 
Mean 3655-7 
[P = 355-7, 356-8; Eisenlohr (loc. cit.) gives d20° 0-8185, m2” 1-41390, 20° 1-41613, m2” 1-42133, 20° 


1-42569.] 


Diisobutyl ketone. A fraction, b. p. 166—168°, of a commercial product (General Metal- 
lurgical and Chemical Ltd.; Carbide and Carbon Chemicals Corporation) was employed; 
semicarbazone, m. p. 123° (ex “‘ AnalaR’”’ benzene). Ketone: b. p. 168°/760-5 mm.; M = 
142-23; nc 1-40990; mp 1-41206, my 1-41727, nq, 1-42109; Ry 43-75, Rp 43-96, Ry 44-45, Rg, 44-80; 
Rg-o 1:05, Rp 0:70; Mn’ 200-84. 

Densities determined : 42?” 0-8053, d%!* 0-7726, di“ 0-7533. 


Yooe = 24-09 (0-08,). Apparatus B. 


t h. H. ae. y. hie 
22-0° 12:93  —--:1269 0-8037 23-92 391-4 
61-9 11-56 11-32 0-731 20-52 391-6 
86-5 10-70 10-46 0-7524 18-45 391-8 

Mean 391-6 


The authors’ thanks are tendered to Imperial Chemical Industries Ltd. and the Chemical 
Society for grants, and to Mr. G. A. Earwicker, B.Sc., who carried out most of the preliminary 
work on the preparation of the ketones by the catalytic method during 1931—32. 
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32. The Steam-Carbon Complex. 


By SyDNEY MULLER and JoHN W. Coss. 


Experiments were made on the interaction of steam and carbon to determine 
whether the formation and persistence of a complex could be demonstrated. By 
contact and evacuation at 300°, fixation of steam was shown to occur, and, by further 
heating to 1050° and evacuation in stages, complete decomposition of the complex 
so formed into hydrogen and oxides of carbon was effected. In the earlier stages of 
the decomposition the hydrogen obtained was less than the equivalent of the oxygen 
combined as oxides of carbon, but the balance was restored at higher temperatures. 
Other experiments with hydrogen instead of steam furnished an explanation of this 
peculiarity. The results were affected by the form of carbon used. 


THE understanding of the process by which solid carbon is gasified in combination with 
oxygen has been the object of many experimental investigations and the subject of much 
controversy, but a definite advance was made when Rhead and Wheeler demonstrated 
the formation and persistence of what they termed a physicochemical complex C,O, which 
liberated the oxides of carbon by its decomposition on heating. The gasification of carbon 
in steam, also a process of fundamental theoretical and practical importance, has similarly 
been a matter of controversy, so we decided to test whether in this case also a fixation of 
steam by the carbon occurred. The experimental method followed was substantially 
the same as that used by Rhead and Wheeler, except in so far as the use of steam instead 
of oxygen made modifications necessary. 

The steam was supplied in known quantity to carbon in the reaction bulb (see Fig. 1) 
by bursting in it a small sealed tube filled with a known weight of water. The course of 
reaction was followed in two ways : 

(1) In “ evacuation ” experiments, by heating the carbon in contact with steam at a 
chosen initial temperature until a steady condition had been attained, evacuating the vessel 
completely at that temperature and analysing the gas so removed, then heating the residue 


TABLE I. 


Interaction of charcoal and steam at different initial temperatures. 


(Weight of wood charcoal in bulb = 30:8 g.) 
Gas evacuated. 











Steam admitted. Temp. ¢ “ ~ 

Initial -— A» , of evacu- Vol., Analysis, %. CO+2CO,, H,, 
temp. C.c. at ation. Se: ; Pua . c.c. at c.c. at 
G. N.T.P. N.TP. CO,. co. Hg. N.T.P.* N.T.P. 

300° 0-0386 48-0 300° nil ~- ~- —°*. —- oa 
580 2-9 22 40 35 2-3 1-0 

920 20-8 0-7 45-3 52-4 9-7 10-9 

1050 16-6 0-2 47-5 50 7-9 8-3 

19-9 20-2 

500 0-0424 52-7 500 8-6 62-6 13+1 21-9 11-9 1-9 
700 8-2 3-4 12-3 82-1 1-6 6-7 

920 32-7 1-8 39-9 57-1 14-3 18-7 

27°8 27-3 

700 0-0484 60-2 700 44-0 24-9 21-0 52-5 31-1 23-1 
930 36-0 0-7 33-8 62-5 12-0 20-0 

1050 20-9 0-1 48-2 50-0 10-0 10-4 

53-1 53-5 

930 0-0216 26-9 930 27-8 0-4 48-2 49-7 13-6 13-8 
1050 21-6 — 48-1 50-0 10-4 10-8 

24-0 24-8 


* J.e., combined oxygen in CO and CO, calculated to equivalent hydrogen, or steam. 
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in successive stages to higher temperatures, evacuating and analysing the gas at each 


stage. 
(2) In “ pressure” experiments, by heating the carbon with steam as before at a 


definite temperature, usually 300°, until a steady pressure had been attained, then (without 
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evacuation) raising the temperature gradually and noting the accompanying changes in 
pressure, which were compared with the changes to be expected if no reaction or fixation 
had occurred. A parallel experiment with argon in known volume instead of steam 
measured the free space in the carbon-charged bulb. 

Other experiments were made with carbon monoxide or dioxide or hydrogen instead 
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of steam, in order to indicate any complexities in interpretation of the results with steam 
which might arise from these gaseous products of reaction. 

The results obtained in a typical evacuation experiment in which steam interacted 
with purified wood charcoal at 300° are given in Table I. At 300° no permanent gas could 
be evacuated from the bulb after interaction, but when the solid residue was heated 
to 580° some permanent gas was pumped off, and much larger quantities on raising the 
temperature to 920° and 1050°, with evacuation at each stage. 

The total oxides of carbon from these successive evacuations contained combined 
oxygen equivalent to the hydrogen. Moreover the volume of water so represented was the 


Fic. 2. Fic. 3. 
Pressure curves for wood charcoal. Pressure curves for hydrogen and carbon dioxide. 
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(Wt. of carbon = 30°8 g.; vol. of free space = 106 c.c.) 


same as the “ missing volume ” indicated in pressure experiments after steam had been 
allowed to interact to equilibrium with the carbon at 300° (Table II and Fig. 2). It follows 


TABLE II. 


_ Pressure loss on interaction of steam and charcoal at 300°. 
(Weight of wood charcoal in bulb = 30-8 g.; vol. of free space = 106 c.c.) 





Amount of steam Vol. of steam 
Temp. of admitted. Pressure inthe equivalent to “* Missing ”’ 
Expt. introduction - A . bulb after inter- this pressure, volume, c.c. 
No. of steam, G. C.c, at N.T.P. action, atm. c.c, at N.T.P, at N.T.P.* 
1 300° 0-0216 26-9 0-140 71 19-8 
2 300 0-0358 445 0-471 23-8 20-7 
3 300 0-0546 68-0 0-938 47-4 20-6 


* T.e., col. 4 — col. 6. 
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that the steam which had been fixed at 300° was gradually and completely liberated at 
1050° as hydrogen and oxides of carbon. (In the gaseous products of decomposition by 
heat of the complexes formed by interaction at different initial temperatures, the quantity 
of carbon dioxide obtained was always small and practically confined to the lower temper- 
atures and the first stage of decomposition in each case.) The equivalence between the 
combined oxygen in the oxides of carbon evacuated up to 1050° and the free hydrogen 
held also in the gas evacuated at 1050°, which in a number of experiments was very nearly 
of the “ ideal water-gas ”’ composition, CO + H,. At lower temperatures, however, there 
was no such equivalence. In passing from 300° to 1050°, during the first half of the rise 
(approximately), the gas evacuated contained much more combined oxygen than the 
equivalent of the accompanying hydrogen; then came a stage in which the balance was 
quantitatively restored by the evacuation of gas containing more hydrogen than was 
equivalent to this combined oxygen, and in the final stage the gas contained combined 
oxygen equivalent to the hydrogen. (The analyses of this series of gases, 300—1050°, 
included examination for methane, but none was found.) This phenomenon was em- 
phasised in an experiment in which interaction of steam and carbon at 700° was followed 
by cooling to 340°; evacuation at that temperature gave oxides of carbon with no 
hydrogen, although again the balance was restored by further heating and evacuation. 

The Behaviour of Hydrogen and Other Gases.—As bearing on the question so raised, the 
behaviour of hydrogen (and carbon dioxide) was investigated by the pressure-curve method 
(Fig. 3). In contact with carbon a little hydrogen was absorbed at 300°, and as the temper- 
ature was raised the pressure fell rapidly from 500° to a minimum at about 750° and then 
rose again slowly. After reaching 1000° the temperature was allowed to fall gradually, 
whereupon the pressure diminished, reaching zero at 750° and remaining so down to 300°. 
On again raising the temperature to 930°, nearly all the hydrogen was withdrawn by 24 
hours’ evacuation. No such abnormality was indicated by carbon dioxide, and in 

‘experiments with hydrogen and the two oxides of carbon in turn, in which contact at 
300° was followed by evacuation at that temperature, practically all the gas was withdrawn. 

This behaviour of hydrogen with carbon explains the peculiarities noted above in the 
decomposition of the carbon-fixed steam. Broom and Travers (Proc. Roy. Soc., 1932, A, 
135, 512; Broom, Trans. Faraday Soc., 1938, 34, 580) have observed similar phenomena 
in a much more extensive study of hydrogen and carbon, and particularly that hydrogen 
reacted very differently towards carbon above and below about 600—700°. Key and 
Cobb (J. Soc. Chem. Ind., 1930, 49, 439 T) also recorded an unexplained, marked screening 
effect exercised by hydrogen when it was used as a carrier gas for steam in their experi- 
ments on the reaction of coke with steam and carbon dioxide. 

Interpretation.—The simplest explanation of the experiments described above is that at 
300° a steam-carbon complex C,(H,O), was formed and that, on raising the temperature, 
it was decomposed completely, but that the hydrogen from the decomposition was partly 
retained in the lower-temperature stages. It is true that normal molecular hydrogen 
in the free space was little affected by contact with carbon at such a low temperature as 
300°, but it was easily fixed at rather higher temperatures and then remained so on rever- 
sion to lower temperatures. It is not therefore unreasonable to suppose that hydrogen, 
freshly liberated in the interstices of a decomposing carbon-steam complex, will be partly 
retained even in the first stages of heating above 300°. 

Meyer (Trans. Faraday. Soc., 1938, 34, 1056) concluded that the reaction of carbon 
with carbon dioxide or steam at low pressures and high gas velocities results in the form- 
ation of the same carbon-carbon monoxide complex (containing no hydrogen) in each 
case, and observations by Key (private communication) by dynamic methods on the 
velocity constants involved give support to that idea. The results of our static experi- a 
ments at the lower temperatures would not be necessarily inconsistent with this interpreta- fur 
tion, since any hydrogen liberated from the steam in the formation of the carbon-carbon sai 
monoxide complex would be liable to retention by carbon; but the results at higher | 
temperatures, ¢.g., 1050°, when hydrogen and carbon monoxide in equal volume were of 
always obtained by the decomposition of the complex, can hardly be so explained and point 
to the reaction C,(H,O) —> CO+H,+C,,. It is possible, however, that in this 
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decomposition a first stage is the elimination of hydrogen with the formation of the carbon- 
carbon monoxide complex, and that the further decomposition of this complex is the slower 
of the two stages and determines the rate of the whole decomposition. 

Forms of Carbon.—Most of our experiments were made with wood charcoal, reduced 
in ash content from 3-6 to 0-9% by boiling with dilute hydrochloric acid, and heated under 
vacuum at 1100° for 12—24hours. (Preliminary tests had shown the results to be somewhat 
different if the charcoal were not so purified, presumably owing to the influence of alkaline 
ash constituents.) Previous experience had, however, demonstrated the wide quantitative 
differences in steam decomposition (reactivity) displayed by the cokes prepared from various 
coals and from the same coal with varied thermal treatment. The formation of the 
carbon-steam complex as determined by the form of carbon plainly called for similar - 
systematic examination. This has not been made, but a few preliminary results are 
recorded. A coke was prepared from a fusible Yorkshire (Sharleston Wallsend) coal at 
1000° and heated under vacuum at 1100°. In a pressure experiment after interaction of 
this coke at 300° with steam, followed by evacuation, no appreciable rise of pressure due 
to evolved gas resulted from further slow heating to 1000°. No fixation of steam had 
occurred. On repeating the experiment without the evacuation at 300°, the pressure curve 
obtained could not be held to demonstrate fixation of steam at any temperature, but did 
indicate clearly the fixation of some gas, probably hydrogen, in the range 500—800°. 

Another experiment was made in which the coke used had been subjected to less 
drastic heat treatment. It was prepared at 800°, extracted by acid, and heated at 900° 
under vacuum for 2 days, after which it was proved that negligible quantities of gas were 


TABLE III. 


Interaction of steam and medium-temperature (800°) coke. 
(Weight of coke in bulb = 50-5 g.) 











Amount of steam Gas evacuated. 

admitted. Temp. , a” . 

Temp. of , A. ‘ of Vol., Analysis, %. CO+2CO,, H,, 
introduction C.c,.at evacu- CL at « hn c.c. at ¢c. of 
of steam. G. N.T.P. ation. N.T.P. CO,. co. H, N.T.P. N.T.P. 

550° 0-0232 28-9 550° 5-8 32-4 41 58-0 4-0 3-4 

750 10-8 7-0 36-6 54-6 5-5 5-9 

9-5 9-3 


evolved at 750°, the highest temperature in the subsequent experiment. This was made 
by contact with steam at 550°, evacuating, heating gradually to 750°, and again evacuating 
(Table III). The results indicated a fixation of steam at 550°, and after-decomposition 
on rise of temperature similar to that occurring when charcoal was used. 

The form of the carbon is therefore of importance in determining the degree of steam 
fixation, which presumably lessens as graphitisation proceeds by the formation of com- 
paratively large and stable molecular groupings of the (C,),, type with a gradually diminish- 
ing number of peripheral unsatisfied affinities. Somewhat similar effects have been noted 
in the production of methane by the hydrogenation, under high pressure, of cokes prepared 
at different temperatures, by F. J. Dent, in the work of the Joint Research Committee of 
the Institution of Gas Engineers and the University of Leeds (Reports 41 and 43), and the 
methods of X-ray analysis have been applied to the elucidation of such phenomena by 
Riley. 

EXPERIMENTAL. 


Appavatus.—The apparatus is illustrated in Fig. 1. The charge of carbon was contained in 
a clear silica bulb, 10 cm. long and of 4 cm. internal diameter, placed vertically in an electric 
furnace. The stem of the bulb could be connected either to a mercury manometer or through a 
sampling device to a Sprengel pump. When pressure readings were being taken, the mercury 
was adjusted by means of the levelling bulb of the manometer to a zero mark on the stem 
of the silica bulb, and the pressure was read off on the scale. By this means the bulb was 
completely isolated while these readings were being taken, and there was no possibility of 
leakage of gas through rubber joints or taps. 
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Water was introduced into the bulb by means of a glass capsule containing a weighed quantity 
of water placed at a convenient position in the stem. This capsule was readily burst by heat 
at the appropriate time. The charge of carbon was prevented from falling down the stem by a 
silica rod of cross-sectional area approximately equal to half the internal cross-sectional area 
of the stem. This rod also supported the water capsule, and, in addition, prevented particles 
of glass flying to the top of the stem when the capsule burst, where they might have given 
trouble by fusion. To keep it above the dew point of the water introduced, the stem had a 
separate heating coil. 

Method.—The charge of carbon, graded 8—16 I.M.M., was evacuated for 12—24 hours at 
1100°. The bulb was then allowed to cool, the capsule introduced, and the bulb evacuated, 
reheated, and again evacuated. Mercury was then run up the stem to the zero mark, and tap 


A (Fig. 1) was closed. The bulb was allowed to cool to the working temperature desired, and 


when steady conditions were obtained, the capsule was burst by heating with a small blow-pipe 
flame. The small coil for heating the stem of the bulb was then brought into operation. The 
heating of mercury in the stem would introduce a small but negligible error in the pressure 
readings obtained. 

The temperature being kept constant, the bulb was connected with the manometer, and time 
(several hours) allowed for equilibrium to be attained, as shown by a constant pressure reading. 
One of two procedures was then followed. 

(a) Pressure experiments. The temperature was raised at the rate of 15—20°/min., and read- 
ings of temperature and pressure were recorded. They did not indicate equilibrium conditions. 

(b) Evacuation experiments. The bulb was completely evacuated through the Sprengel 
pump at the temperature at which the steam was introduced. The temperature was then 
raised by about 200° at the rate of 15—20°/min., pressure and temperature readings of the 
bulb being taken during the interval. The process of complete evacuation was repeated at this 
higher temperature, and the temperature raised by another 200° as before. Successive evacu- 
ations were carried out at intervals of about 200° until 1050° was reached, whereupon the final 
evacuation was made. The samples of gas obtained by evacuation at different temperatures 
were measured and analysed. 

Determination of Free Space in the Bulb.—The carbon in the bulb was evacuated completely 
at 1050°, and, after sealing with mercury, the temperature was allowed to fall to 300°. A 
suitable measured volume of argon was introduced through the sampling device, and the pressure 
read. The temperature was then raised at 15—20°/min., pressure and temperature readings 
of the bulb being taken up to 1000°. The pressure at 1000° was employed for the calculation 
of the free space. As a check on the amount of argon used, an evacuation was made at 1000°, 
and the gas was evacuated, measured, and analysed. 

Blank Experiments with Empty Bulb.—In order to prove that, in the absence of carbon, 
steam gave a normal pressure curve with increase of temperature under the conditions existing 
in these experiments, an empty bulb otherwise similar to that used in later experiments was 
employed, the free space having been determined by argon. The bulb was evacuated, and a 
suitable weight of water introduced at 300°. After the pressure at 300° had been noted, a 
series of pressure readings was taken while the temperature was raised at 15—20°/min. up to 
1000°. The curve so obtained for water vapour coincided with that calculated from the free 
space in the empty bulb as determined with argon. 

Evacuation Experiments.—In Table I the relevant numerical data have been collected for 
a series of experiments in which contact of steam with charcoal at a number of initial temper- 
atures was followed by heating and evacuation in stages to trace the decomposition of the solid 
complex. It will be understood that the first evacuation after heating at any one of these 
initial temperatures extracts any gas formed at that temperature in the free space, but that the 
gas from subsequent evacuations is of necessity solely derived from the complex. 

Pressure Experimenis.—In Table II and Fig. 2 are shown the detailed results obtained in 
pressure experiments when different quantities of steam after reaction to equilibrium with char- 
coal at 300° were taken without evacuation to higher temperatures. The corresponding 
theoretical pressures which the steam would have exerted if unaffected by the charcoal are also 
calculated and plotted: The “ missing volume” at 300° was found to be the same as that 
represented by the decomposition products from the complex in the 300° evacuation experiments, 
and was the same for different quantities of steam. This may be explained on the view that the 
‘* missing ’’ steam had attached itself to unsatisfied peripheral affinities of the carbon, after which 
the rest of the steam was of no effect. 

The behaviour of hydrogen (and of carbon dioxide) in pressure experiments is shown in 
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Fig. 3. The importance of fixation of hydrogen in influencing the composition of the products 
of decomposition of the carbon-steam complex in the evacuation experiments has been stressed. 
The attainment of zero pressure at 750° on cooling, continuing down to 300° (see p. 180), is not 
shown on the figure. ; 

Discussion.—The foregoing work is not a general investigation of the interaction of 
carbon and steam, but a specific experimental enquiry into the fixation of steam by carbon 
at pressures near atmospheric, which it seems to establish. It is probable that a similar 
fixation of steam and hydrogen would occur at high pressures, but that the mode of de- 
composition would be different. The work carried out by F. J. Dent and others (see p. 181) 
is of interest in this connection, particularly with reference to the production of methane, 
which may have important industrial applications. 

Our results and their indications may be summarised as follows : 

(1) The action of steam at 300° on charcoal in a closed space resulted in the fixation 
of steam. No permanent gas was evacuated at 300° after attainment of equilibrium, 
but, on heating and evacuating in stages up to 1050°, the solid residue underwent such 
change that gas was withdrawn from it consisting of hydrogen and of oxides of carbon 
in which the combined oxygen was equivalent to the hydrogen. The volume of steam 
represented by this decomposition was the same as the “ missing volume ”’ represented by 
the fall of pressure which occurred at 300° during the exposure of the steam to the carbon. 
With higher initial temperatures of interaction, the results were similar, but some 
permanent gas was withdrawn on evacuation without further heating. 

(2) The gas evacuated at 1050°, representing the final stage of decomposition, was of 
the “ ideal water-gas ” composition, 50% H,, 50% CO. During (approximately) the first 
half of the temperature rise from 300° to 1050° the gas evacuated contained combined 
oxygen in the oxides of carbon more than equivalent to the hydrogen, then came a stage 
in which this was balanced by an excess of hydrogen over combined oxygen, with a final 
stage of equivalence and the ideal water-gas composition. 

(3) The departure from equivalence of hydrogen and combined oxygen in all but the 
later stages of decomposition can be understood in the light of results obtained by parallel 
experiments made with hydrogen, instead of steam, in which the fixation of hydrogen, 
as relevant to this enquiry, was studied and demonstrated, so that its liberation into 
the free space at the time of its formation by decomposition of the carbon-fixed steam 
was not to be expected. 

(4) The results obtained indicate the initial formation of a carbon-steam complex, 
C,(H,O),, in which y = 1 at the higher temperatures, in accordance with the decom- 
position C,(H,O) —> CO + H, + C,.,, complete at 1050°, and y is slightly greater than 
unity at the lower temperatures, allowing the formation of carbon dioxide in the first 
decomposition products. The gas evacuated at the temperature of interaction contained 
most of the carbon dioxide. 

(5) From a few preliminary tests it would appear that the results depend on the form 
of carbon used; ¢.g., a high-temperature coke from a fusible caking coal, prepared at 
1000° and heated under vacuum at 1100°, gave no evidence of the steam fixation at 300° 
which occurred with wood charcoal, but a specially prepared medium-temperature (800°) 
coke behaved like charcoal in forming a complex at 550° with steam, which yielded hydrogen 
and oxides of carbon on thermal decomposition. 


The authors would like to express their indebtedness to Mr. H. J. Hodsman and Dr. F. J. 


Dent for assistance and suggestions on the experimental side during the progress of the 
investigation. 
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33. The Nature of the Carbohydrate Residue in Ovomucoid. Part I. 
The Glucosamine Constituent. 


By M. Stacey and J. M. WooL_Ley. 


Ovomucoid on suitable treatment with barium hydroxide loses its polypeptide 
constituent, giving a simpler carbohydrate residue containing glucosamine, mannose, 
and galactose. The preparation of an acetylated and a methylated derivative is 
described. From the hydrolysis products of the latter, 2-acetamido 3: 4 : 6-trimethyl 
a-methylglucoside, together with partially methylated mannose and galactose com- 
pounds, was isolated. It would appear that in the methylated carbohydrate the major 
portion of the methylated glucosamine residues are ‘‘ end-groups ”’ linked glucosidically 
to the rest of the molecule. Moreover, by direct methylation of ovomucoid, it was 
proved that, in part at least, the amino-groups in the glucosidically linked methylated 
glucosamine residues are acetylated. 


DETAILED knowledge of the structure of such carbohydrate residues as are found in 
association with proteins is scanty, as indeed is the chemistry of the so-called mucoproteins, 
glycoproteins, mucoids, etc. As an approach to the study of the more general problems 
an investigation of egg-albumin was undertaken inasmuch as one of the carbohydrate- 
containing constituents, “‘ ovomucoid,’’ was readily prepared from this source. The 
presence of carbohydrate in egg-albumin has been known for a considerable time (Pavy, 
Proc. Roy. Soc., 1893, 54, 53) and a summary of the literature on the subject has recently 
been provided (Neuberger, Biochem. J., 1938, 32, 1435). The ovomucoid used in the present 
investigation was prepared from coagulated egg-white by extraction with water, a method 
which would be attended by a minimum change in the carbohydrate residue. The carbo- 
hydrate residue in ovomucoid is similar in some properties to the polysaccharide constituent 
of crystalline egg-albumin (Neuberger, Joc. cit.), but differs from it in being relatively stable 
to hydrolysis with acids, in optical properties, and in containing galactose residues in 
addition to the glucosamine and mannose residues common to both. 

Ovomucoid was a white powder showing [«]) —57° in water. Fractionation methods 
indicated that it was essentially homogeneous and free from coagulable protein. In the 
polypeptide constituent colour reactions indicated the probable presence of tryptophan, 
tyrosine, arginine, and histidine. The carbohydrate residue was prepared from ovomucoid 
by a modification of Fraenkel and Jellinek’s method (Biochem. Z., 1927, 185, 392), namely, 
hydrolysis of the polypeptide constituent with barium hydroxide in an atmosphere of 
nitrogen. Subsequent treatment by the usual methods for isolating a polysaccharide 
gave the carbohydrate residue as a non-reducing, ash-free, white powder, [«]p) +0° in 
water, and it appeared to be essentially the same product that was obtained by Fraenkel 
and Jellinek. It dialysed through collodion and parchment membranes, but this indication 
of a relatively small molecular weight has not yet been confirmed. 

It was proved that, in part at. least, hydrogen atoms of the amino-groups in the 
glucosamine residues in ovomucoid were replaced by acetyl groups and since the carbo- 
hydrate residue, containing 5-5% of total nitrogen, was shown to have 4-9% as amino- 
nitrogen, the barium hydroxide treatment caused considerable deacetylation. Apart 
from this effect it was shown, by comparing the properties of the methylated derivative 
with those of a methylated derivative prepared directly from ovomucoid, that the method 
of isolation did not materially alter the nature of the carbohydrate residue. 

This residue was partially hydrolysed by being heated at 100° with 5n-sulphuric acid 
for 70 hours dnd among the cleavage products glucosamine (as the hydrochloride), mannose 
(as the phenylhydrazone), and galactose (by mucic acid formation) were detected. The 
presence of these substances in the carbohydrate residue was confirmed as described below 
by an examination of the hydrolysis products of the methylated carbohydrate residue. 
Previous workers have claimed that the carbohydrate residue of serum mucoid is a 
glucosamine—mannose-galactose complex, and that of ovomucoid is a glucosamine- 
mannose complex (see Hewitt, Biochem. ]., 1938, 32, 1554). Sgrensen (Biochem. Z., 1934, 
269, 271) from colorimetric observations considered, however, that galactose also was a 
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constituent of ovomucoid. Owing to the resistance of part of the carbohydrate residue 
to acid a quantitative separation of the hexose constituents was not obtained; it was 
found with a substance of this. type that little reliance could be placed on reducing sugar 
estimations or on colorimetric analyses of its carbohydrate content. 

Treatment of the carbohydrate residue in ovomucoid with the usual methylating 
reagents failed, as in the case of glucosamine itself, to produce a methylated derivative in 
satisfactory yield. The same cause, namely, the ionic activity of the free amino-group 
(Cutler, Haworth, and Peat, J., 1937, 1979), was apparently operating in both cases, for 
the carbohydrate residue after acetylation gave a methylated product in good yield. The 
acetate, prepared in 70% yield by means of acetic anhydride and pyridine, had the unusual 
property of being readily soluble in water. Removal of the O-acetyl groups by mild 
treatment with barium hydroxide gave an N-acetyl derivative (acetyl, 115%). This 

fully acetylated derivative was treated under rigidly controlled 

CH,"OMe conditions with methyl sulphate and sodium hydroxide in the presence 

oH of carbon tetrachloride and the methylation was completed with 

| Purdie’s reagents, whereby the N-acetyl methyl derivative was 

Me = OMe Obtained asa white powder ([«]p +0° in water), which was hydrolysed 

H NHAc __ Pyheating with methyl-alcoholic hydrogen chloride. The hydrolysis 

(L.) products were separated into the following main fractions: (a) 2- 

acetamido 3 : 4: 6-trimethyl «-methylglucoside (I) (Cutler, Haworth, 

and Peat, Joc. cit.) (ca. 10% yield of the hydrolysate); (b) a syrupy fraction (30% yield) 

of 3: 4: 6-trimethyl «-methylglucosaminide, which on acetylation gave (I); (c) a syrupy 

mixture of partly methylated hexoses (10% yield); (d@) a syrup, which on methylation 

with silver oxide and methyl iodide gave a light brown powder (ca. 50% of hydrolysate) 
containing silver iodide as a constituent. 

From the amounts of (a) and (d) it was possible to state that at least 40% of the 
methylated carbohydrate residue -was built up of methylated glucosamine residues. The 
amount of (I) in (a) showed that at least 10% of these methylated glucosamine residues 
were “ end-groups ’’ joined by glucosidic links to the rest of the molecule, and the yield 
of (b) indicated that at least a further 30% of the methylated glucosamine residues were 
joined either by glucosidic links or through the amino-groups. Inasmuch as the methylated 
carbohydrate had an acetyl content of ca. 10%, it appears likely that the major part of (3) 
was also linked glucosidically. 

Fraction (c) contained no nitrogen and gave a Molisch reaction for carbohydrate. It 
was methylated further with Purdie’s reagents and distilled in a high vacuum. The 
distillate appeared to be a fully methylated methylhexoside. The glucosidic methyl 
group was removed by hydrolysis, and the resulting syrupy methylated sugar converted 
into the anilide. This crystallised completely and was separated into tetramethyl mannose 
anilide and tetramethyl galactose anilide, in the ratio of approx. 4: 1. 

The light brown powder from (d) appeared to be a compound of silver iodide with 
glucosamine derivatives. A similar compound was isolated, as described later, from an 
authentic specimen of (I) and is being further investigated. Irvine and Hynd (J., 1912, 
101, 1128) had apparently encountered this type of compound in their early investigations 
on the methylation of glucosamine. 

The N-acetyl methyl derivative of the carbohydrate residue was also prepared directly 
from ovomucoid. It was shown by fractionation methods to be mainly homogeneous 
([z]p 0° in water; acetyl, 9-0%) and appeared to be identical with the product made by 
the indirect route. It was heated with 2% methyl-alcoholic hydrogen chloride for 24 
hours, and from the cleavage products the N-acetyl derivative (I) was isolated in 10% 
yield by extraction with ether. This direct isolation of (I) established the facts that in 
part at least, hydrogen atoms of the amino-groups in the glucosamine residues in ovomucoid 
are replaced by acetyl groups and that these 2-acetamido glucose residues are ‘ end- 
groups ’’ joined by glucosidic links to the rest of the molecule. The amount of (I) isolated 
(10%) represents a minimum quantity, since (I) is partially deacetylated when it is treated 
with methyl-alcoholic hydrogen chloride under the foregoing conditions (Cutler, Haworth, 
and Peat, loc. cit.). 
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This preliminary work shows that the carbohydrate residue in ovomucoid contains 
mannose, galactose, and glucosamine and, furthermore, that part, and possibly the whole, 
of the glucosamine is combined with acetic acid as N-acetyl glucosamine. In the 
methylated derivative of the carbohydrate residue it appears that the main part of the 
glucosamine units occurs as “‘ end-groups ” linked glycosidically to the rest of the molecule, 
a view which is supported by the finding that the mannose and galactose residues are 
only partially methylated. It is evident that we are dealing with a novel type of carbo- 
hydrate structure, but it is felt advisable to defer speculation on possible formulations 
until the constitutions of the partially methylated units have been determined. The 
technique of acetylation and methylation has been adapted to suit the peculiarities of this 
carbohydrate and the groundwork has been laid for a more complete investigation of the 
quantitative relationships of the three constituent sugars and of the modes in which they 
are mutually linked. This investigation is now in progress and thereafter the chemical 
relationship of the carbohydrate residue to the parent ovomucoid and a comparison of the 
latter with other mucoids, such as serum mucoid, will be made. 


EXPERIMENTAL. 


Ovomucoid preparations made by several methods and from different samples of egg- 
albumin had the following properties. 

1. Prepared by tryptic digestion of commercial egg albumin (B.D.H.), yield 3%, [a]? 
—44° in water (c, 1-1) (Found: N, 8-0; ash, 2-0%). The preparation was contaminated with 
a galactan ([«]}?” —35° in water, c, 1-0) which was present in the trypsin. . 

2. Prepared by Sevag’s method (Biochem. Z., 1934, 278, 419) from commercial egg-albumin 
(B.D.H.), yield 4%, [a]? —57° in water (c, 1-0) (Found: N, 12-5; ash, 1-0%). 

3. Prepared from dried egg-white (Messrs. Wander Bros. Ltd.). The proteins were 
coagulated and removed by heating an aqueous solution of the egg-white at 100°. Ovomucoid 
was prepared from the solution by the usual means for obtaining polysaccharide preparations. 
It was purified by repeated precipitation from aqueous solution by alcohol. Yield 10%, [a]? 
—57° in water (c, 1-0) (Found: N, 12-7; ash, 10%). Exhaustive fractionation failed to 
separate it into fractions having different properties and this method was adopted for large- 
scale work. 

No precipitation resulted when an aqueous solution of ovomucoid was mixed with any of 
the following reagents: sulphosalicylic acid, trichloroacetic acid, lead acetate, glacial acetic 
acid, and Esbach’s picric acid reagent. A positive reaction was obtained with the following : 
Molisch reagent, Millon’s reagent, phosphotungstic acid, ninhydrin, biuret reagent, Sakaguchi 
reagent, glyoxylic acid, and diazosulphanilic acid. The aqueous solution did not reduce 
Fehling’s solution and gave a negative test for uronic anhydride residues with naphtharesorcinol. 
It did not contain phosphate or sulphate ions, although phosphorus and sulphur were constituents 
of ovomucoid. 

Preparation of the Carbohydrate Residue in Ovomucoid.—The preparation made by Fraenkel 
and Jellinek’s method (loc. cit.) (7% yield from ovomucoid) had [a]?° +0° in water (c, 1-2) 
(Found: N, 3-6; ash, 20-:0%). By the modification described below, an increased yield was 
obtained and the product had a higher nitrogen content: Ovomucoid (80 g.) and barium 
hydroxide (100 g.) were dissolved in hot water (1 1.), ethyl alcohol (50 c.c.) and amyl alcohol 
(5 c.c.) added, and the liquid boiled for 12 hours in an atmosphere of nitrogen. The insoluble 
residue was isolated (centrifuge), washed with water until it no longer gave the Molisch test for 
carbohydrate, and discarded. The supernatant liquid and washings were combined, and 50% 
sulphuric acid added until the solution was acid (Congo-red). The barium sulphate was removed 
(centrifuge) and washed with water and the liquid and washings were combined and again 
evaporated under reduced pressure. The syrupy residue, to which a few c.c. of dilute hydro- 
chloric acid were added, was poured into alcohol (6 vols.). The carbohydrate residue, 
precipitated as a glutinous mass, was separated and dissolved in water (200 c.c.), and alcohol 
(200 c.c.) added. A small deposit, consisting mainly of inorganic material, was removed 
(centrifuge), the clear liquid poured into alcohol (8 vols.), and the precipitated carbohydrate 
residue isolated in the usual way as a white powder (13 g.; 16% of the ovomucoid), [«]?)” +0° in 
water (c, 1:5) [Found: N (Dumas), 5-5; amino-N (van Slyke), 4:9%]. All the usual tests for 
protein in this material were negative and fractionation methods showed it to be essentially 
homogeneous. The ninhydrin test was positive and we have made the observation (cf. 
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Neuberger, Joc. cit.) that glucosamine itself gives this colour reaction. Further hydrolysis with 
barium hydroxide failed to alter materially the nitrogen content of the carbohydrate residue. 
It contained no phosphorus or sulphur and readily dialysed through parchment and collodion 
membranes. Observations on molecular-weight determinations will be communicated later. 

The polysaccharide obtained from crude egg-albumin by Fraenkel and Jellinek (loc. cit.) 
had N 45%, [a]p 40°; that isolated by Levene and Mori (J. Biol. Chem., 1929, 84, 49) from 
crude or crystalline egg-albumin had N ca. 3-7%, [a]p +31°; and that investigated by 
Neuberger (loc. cit.) and prepared from crystalline egg-albumin had N ca. 5%, [a]p +22° in 
water. 

Hydrolysis.—The carbohydrate residue was not readily hydrolysed by hot n-sulphuric acid. 
A sample (4 g.) was therefore treated with 5n-sulphuric acid (100 c.c.) at 100° for 36 hours; the 
solution, too dark to observe polarimetrically, was neutralised with barium carbonate, filtered, 
and evaporated under reduced pressure, giving a viscid syrup (3-5 g.). This was dissolved in 
water (5 c.c.), and alcohol (20 c.c.) added. <A deposit (2-0 g.) consisting mainly of unchanged 
polysaccharide having a high ash content was removed (centrifuge). The mother-liquid was 
acidified with hydrochloric acid and evaporated to a syrup, which crystallised (1-3 g.). This 
material was stirred with warm 90% aqueous alcohol, filtered, and recrystallised from aqueous 
alcohol (50%). It showed [«]p + 79° (equilibrium value), reduced Fehling’s solution, contained 
ionisable chlorine, gave glucosazone on heating with phenylhydrazine, and was thus identified 
as glucosamine hydrochloride (0-5 g.). X-Ray and crystallographic examinations carried out 
by Dr. G. A. Jeffrey in this Department confirmed its identity. The material remaining in the 
mother-liquors after crystallisation of the glucosamine hydrochloride was obtained, after removal 
of the solvent, as a strongly reducing syrup (0-5 g.). A sample on treatment in aqueous solution 
at room temperature with phenylhydrazine acetate yielded a pale yellow phenylhydrazone 
(5% yield), m. p. 180°, which was identified as mannose phenylhydrazone, A further sample 
(2 g.) of the carbohydrate residue was dissolved in dilute nitric acid (20 c.c., d, 1-3) and heated 
at 95° for l hour. The excess of nitric acid was distilled off, leaving a syrup, which was diluted 
with water (10 c.c.) and kept at 0° for 24 hours. A crystalline deposit (20 mg.) was isolated, 
m. p. 218° (decomp.), and was probably mucic acid, apparently indicating the presence of a 
small amount of galactose in the carbohydrate residue of ovomucoid. Owing to the stability 
of the carbohydrate residue to acid hydrolysis, attempts to determine quantitatively its 
carbohydrate content by polarimetric observation, reducing sugar estimations, and colorimetric 
determinations gave inconclusive results. 

Acetylation.—After numerous trials, the following satisfactory method was devised. The 
carbohydrate residue (10 g.) was placed with acetic anhydride (30 g.) and pyridine (50 c.c.) in 
a bottle containing glass beads, heated for a few minutes at 70°, and then vigorously shaken at 
15° for 24 hours, The mixture was centrifuged, the liquid decanted, and the residue treated 
in an identical manner until almost complete solution was effected. The combined, dark red 
liquids were concentrated under reduced pressure at 60° to a syrup, which was dissolved in 
water (20 c.c.), again concentrated to a syrup, and heated at 60° for an hour ina vacuum. A 
solution in chloroform (150 c.c.) was clarified (centrifuge) and slowly dropped into vigorously 
stirred light petroleum (600 c.c.). The precipitate was washed by decantation with light 
petroleum, collected on a filter, and dried to constant weight in a vacuum desiccator. Yield, 
12 g. of a light brown, granular powder, [a]? —20° in water (c, 2-0) (Found: O-acetyl, 29-0; 
ash, 4-0%). It was readily soluble in water, ethyl and methyl alcohols, acetone, and chloroform. 

N-A cetyl Derivative.-—Purified acetate (8 g.) was heated at 96° for 1 hour with barium hydr- 
oxide solution (10%). The barium was precipitated quantitatively with n-sulphuric acid, 
the filtered solution concentrated to 50 c.c., methyl alcohol (500 c.c.) added, and a small amount 
of inorganic matter removed (centrifuge). Ether (500 c.c.) was added to the solution, precipit- 
ating a white powder, [a]p +0° in water (c, 1-4) (Found: N, 5-5; N-acetyl, 11-56%). 

Methylation of Carbohydrate Residue.—Numerous attempts to methylate both ovomucoid 
and the carbohydrate residue with methyl sulphate and sodium hydroxide resulted in an almost 
complete destruction of the polysaccharide. In a typical experiment the carbohydrate residue 
(5 g.) was methylated twice in the manner originally used for methylating starch (Haworth, 
Hirst, and Webb, J., 1928, 2681). Exhaustive extraction of the solution with chloroform and 
removal of the chloroform by distillation gave a gum (0-4 g.) having OMe, 19%. Ina similar 
manner, methylation of the acetate (above) gave small amounts (e.g., 10% yields) of a methylated 
product (OMe, ca. 16%). Attempted methylation with silver oxide and methyl iodide or with 
methyl iodide in liquid ammonia also failed to give satisfactory products. Methylation of the 
acetate by methyl sulphate and sodium hydroxide solution (30%) in the presence of carbon 
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tetrachloride (Holden and West, J. Amer. Chem. Soc., 1934, 56, 930) gave in 10% yield a methyl- 
ated product (OMe, 23-8%) which was readily soluble in chloroform. 

Eventually the following method, which avoids excess alkalinity in the initial stages of 
methylation, was developed. The acetate (10 g.) was dissolved in water (100 c.c.), and carbon 
tetrachloride (300 c.c.) added. Sodium hydroxide (5 c.c. of 35% aqueous solution) was then 
added, followed by methyl sulphate (80 c.c.), and the solution maintained at 50° with vigorous 
stirring. Sodium hydroxide (160 c.c. of 35% solution) was added at the rate of one drop per 
second and finally methyl sulphate (100 c.c.), sodium hydroxide (200 c.c. of 35% solution), and 
carbon tetrachloride (100 c.c.) were added together during 200 minutes. The mixture was 
stirred for a further 2 hours at 65° in order to destroy the excess of methyl sulphate. The 
bulk of the methylated product, which separated on the walls of the flask, together with the 
deposited sodium sulphate was collected on a cloth filter. The solid was extracted several 
times with methyl alcohol and the filtrate was extracted with acetone, which separated as an 
upper layer. The combined acetone and methyl alcohol extracts were cautiously neutralised at 
0° with 50% sulphuric acid; sodium sulphate, which slowly separated, was removed and washed 
with methyl alcohol. The combined filtrate and washings were evaporated under reduced 
pressure to a viscid syrup, which was dissolved in a mixture of acetone (120 c.c.) and water 
(30 c.c.) and remethylated in the usual way with methyl sulphate (100 c.c.) and sodium hydr- 
oxide (200 c.c. of 35% aqueous solution) in the presence of acetone (100 c.c.) at 45°. The 
reaction mixture was stirred at 65° for 2 hours and after filtration (cloth) both precipitate and 
filtrate were exhaustively extracted with chloroform. The chloroform solution was neutralised 
with carbon dioxide, dried over anhydrous magnesium sulphate, filtered, and evaporated to 
dryness under reduced pressure at 40°. The resulting brown viscid gum was dissolved in dry 
chloroform and poured slowly into light petroleum (250 c.c.). The product was precipitated 
as a voluminous, light brown powder, which was separated (centrifuge) and dried. It was 
purified by fractional precipitation with light petroleum from a chloroform solution. Yield, 
4-0 g. (Found : OMe, 24-5; ash, 5-0%). This partly methylated product was further methylated 
by means of silver oxide and methyl iodide, with initial addition of a few drops of dry methyl 
alcohol to assist solution. Two treatments sufficed to give a product with OMe 31-5%, a value 
which further methylation did not increase. 

The product was a light brown powder, soluble in water, chloroform, acetone, methyl alcohol, 
and ethyl alcohol and insoluble in light petroleum. An average sample showed [a]}” +0° in 
water (c, 1-0) or in chloroform (Found: C, 48-1; H, 7-8; N, 4-3; OMe, 31-5; CH,-CO, 9-7%). 
It was shown to be essentially homogeneous by fractional precipitation with light petroleum 
from a chloroform solution. 2-8 G. of methylated product (OMe, 30:5%) were dissolved in 
chloroform (80 c.c.), and light petroleum added as follows : 


Light petroleum Time of flow of 1% solution 
added, c.c. Fraction. Weight, g. % OMe. % Ash. in m-cresol at 20° \. 
30 I 0-32 27-0 3-30 oa 
50 II 0-75 30-5 0-91 529 
80 III 0-90 31-1 1-05 522 
300 IV 0-70 30-2 0-39 519 


Hydrolysis.—A purified sample (5 g.) having OMe 31-5% was heated for 48 hours with 2% 
methyl-alcoholic hydrogen chloride (250 c.c.) ([a]Jp +0°—> +69°). The hydrolysate was 
neutralised with lead carbonate and filtered, and the lead salts washed with methyl alcohol. 
The combined filtrate and washings were evaporated, leaving a syrup (49 g.). This was 
separated into the fractions shown diagrammatically below : 


Syrup p (4-9 g.) dissolved in methyl 
cohol (20% c.c.), ether (500 c.c.) 
added, and me centrifuged. 











Precipitate disslived i in methyl Supernatant liquid concentrated 
alcohol (2 c.c.), and ether (200 od a » oyrep which was Hype 
c.c.) added, and centrifuged. alcohol (5 c.c.), ether 
(500¢. c.) added, and centrifuged. 
ee , ae 
Supernatant liquid. Supernatant liquid. 
Precipitate , Combined and eva he gg Precipitate 
FC (1-03 g.). a syrup, FA 2-85]g FB (0-90 g.). 
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The ether-soluble fraction FA was exhaustively extracted with boiling dry ether; the 
extracts gave on evaporation a crystalline residue (10% yield of hydrolysate). This material, 
recrystallised from ether-light petroleum, had [a]?” +120° in chloroform (c, 1-0), [a]? + 132° 
in methyl alcohol (c, 1-0), m. p. 149° alone or in admixture with 2-acetamido 3 : 4 : 6-trimethyl 
a-methylglucoside (I) (Found: C, 52-2; H, 8-8; OMe, 44:7; N, 5-1. Calc. for C,,H,,0,N : C, 
52-0; H, 8-3; OMe, 44-8; N, 5-1%). 

The portion of fraction FA which remained insoluble in boiling ether contained nitrogen and 
was acetylated with acetic anhydride in methyl alcohol (a method known to acetylate only 
amino-groups). By further ether extractions of the acetylated material a second fraction of 
2-acetamido 3: 4: 6-trimethyl a-methylglucoside (I) (in 30% yield of the hydrolysate) was 
obtained. This portion of fraction FA which was insoluble in ether was thereby identified 
as 3:4: 6-trimethyl methylglucosaminide. The possibility that the latter compound could 
arise by deacetylation of the amino-group in (I) during the hydrolysis with methyl-alcoholic 
hydrogen chloride was proved by a control experiment in which an authentic specimen of 
(I) was heated for 48 hours with 2% methyl-alcoholic hydrogen chloride. It was shown by 
fractional crystallisation of the product that deacetylation had taken place to the extent of 
ca. 60% (cf. Cutler, Haworth, and Peat, loc. cit.). 

In a second experiment fraction FA (2-4 g.) was fractionally distilled in a high vacuum : 


Fraction. Weight, g. B.p.(bathtemp.). nz”. %N. %OMe. Physical state. 
1 - dsvvcesccccs coc cee 0-08 140° 1-4530 — _ Syrup 
B » scédsddiviecesiocss 0-20 140 1-4560 4-9 44-5 *” 
3 0-37 140 1-4570 4-9 44-4 ” 
4  cccceccevepecesene 0-14 140—150 1-4590 _ _ Partly cryst. 
Bees dottenceescoses 0-20 150— 170 1-4680 — — Cryst. 
©  Leidtnrtésicsiosdes 0-50 170 1-4740 — ~ ” 
Residue ......... 0-91 — — = — Dark brown gum 


Fractions 5 and 6 were identified as (I) and fractions 2 and 3 were converted into (I) by 
acetylation with acetic anhydride in methyl-alcoholic solution. Decomposition during distill- 
ation was too great to allow of a quantitative estimation of the proportion of glucosamine 
derivatives present. 

Examination of Fractions B and C.—Fractions B and C and the ether-insoluble residues 
from the separation of the methylated glucosamine were dissolved in methyl alcohol, combined, 
and, after removal of the solvent, obtained as a brown gum (fraction FD, 2-1 g.) (Found: 
N, 3-0; OMe, 26-5%). It gave a positive Molisch test for carbohydrate. The gum 
was further methylated with silver oxide and methyl iodide. Six treatments gave a hard glass 
(Found: OMe, 30-8; N, 3-2%). Attempts to hydrolyse this material with methyl-alcoholic 
hydrogen chloride were only partly successful. In one instance, however, the action of 2% 
methyl-alcoholic hydrogen chloride on fraction FD (1-0 g.) in a sealed tube at 114° for 24 hours 
caused some hydrolysis. The hydrolysate, isolated in the usual way, was further methylated 
with silver oxide and methyl iodide and then distilled in a high vacuum. A fraction (4% 
yield of fraction FD), isolated at b. p. 120°/0-08 mm., had n° 1-4570 (Found: OMe, 49-0%). 
It was nitrogen-free, gave a positive Molisch test, and thus appeared to consist of partially 
methylated methylhexosides. 

A sample of the methylated derivative (5 g.) was hydrolysed by boiling with 2% methyl- 
alcoholic hydrogen chloride for 84 hours ([«]) +0° —->+.73°); the hydrolysate was separated 
into two fractions, FA (67% yield) and FD (33% yield). 

Fraction FA (3-35 g.) was acetylated with acetic anhydride in methyl] alcohol and the product, 
a syrup, was extracted with boiling ether containing 2% of methyl alcohol, leaving an insoluble 


' residue (1-18 g.) which contained nitrogen and is still under investigation. The ethereal extracts 


deposited a crystalline sample of (I) (0-90 g.) and the mother-liquors on evaporation gave a 
syrup (1-2 g.), fraction FE. 

Fraction FE (1-2 g.) was methylated with silver oxide and methyl iodide, and the product 
dissolved in chloroform. Cautious addition of methyl alcohol to the solution gave a precipitate, 
which was isolated (centrifuge) as a light brown powder (0-2 g.). It appeared to be identical with 
a product isolated in the same manner from fraction FD (above) and described later. The 
chloroform—methyl alcohol supernatant liquid was evaporated, leaving a syrup, which was 
distilled in a high vacuum. The main bulk (0-74 g.) had b. p. (bath temp.) 120°/0-04 mm. 
and n}” 1-4495. A second fraction (0-2 g.), b. p. (bath temp.) 160—170°/0-04 mm., crystallised 
and was mainly (I). The main fraction (FE,) was redistilled. It had b. p. (bath temp.) 100— 
110°/0-04 mm., nf” 1-4470, OMe 56-2% (yield, 0-5 g.). A further quantity (0-13 g.) of this 
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material was isolated as described previously from samples of fraction FD. The combined 
fractions (0-63 g.) were remethylated with silver oxide and methyl iodide, and the product 
(0-62 g.) distilled, giving the following fractions : 


Fraction. B. p. (bath temp.) /0-04 mm. Weight, g. np % OMe. 

BD. “cacciscccccccsccsoccccsvessioscccs 96—105° 0-25 1-4464 58-8 

D sacdevvcdecedessensatesbovtcsuecs 105—108 0-24 1-4468 58-2 

©! | pod cenwes edasuesocsssesedeszetee 108—120 0-07 1-4470 _ 
Fraction (a) (0-15 g.) was hydrolysed with 2n-sulphuric acid: [a]p + 58° (initial value); + 42° 
(4 hr.); +37° (1 hr.); + 30° (2 hrs.); +26° (3 hrs.); +23° (5 hrs., equilibrium value). The 
resulting solution reduced Fehling’s solution and the methylated sugar was isolated from 
it in the usual way. It was converted into the anilide by boiling with ethyl-alcoholic aniline. 
Removal of the alcohol gave a solid mass of crystals (0-20 g.). By fractional crystallisation the 
crystals were separated into tetramethyl mannose anilide, m. p. 142° alone or in admixture with 
an authentic specimen, and tetramethyl] galactose anilide, m. p. 193° alone or in admixture with 
an authentic specimen. The isolation was repeated on a further sample (0-3 g.) from fractions 
(a) and (b). From the amounts of material isolated and from the equilibrium rotation after 
acid hydrolysis it was estimated that the proportion of mannose to galactose in fraction FE was 
approximately 4 to 1 (cf. Sgrensen, loc. cit.). 

Investigation of Fraction FD.—This material (2-0 g.) was hydrolysed by heating it at 100° 
with 4% hydrochloric acid in 50% aqueous acetic acid for 24 hours. The solution was neutral- 
ised with lead carbonate and filtered, and the lead salts washed with water. The lead in solution 
was removed by hydrogen sulphide. The filtrate was evaporated to a syrup (1-6 g.), which 
was methylated with silver oxide and methyl iodide (containing 5% of methyl alcohol). A 
vigorous reaction commenced at 15° and the silver salts set to a hard mass on the walls of the 
flask. After being kept at 15° for 1 hour, the solution was maintained at 40° for a further 3 
hours. It was filtered, and the silver salts extracted with boiling chloroform. The combined 
solution and extracts were evaporated, giving a viscid syrup, which was remethylated as above ; 
the product, now soluble in methyl iodide, was methylated again. The final product was 
dissolved in chloroform (10 c.c.), and methyl alcohol (90 c.c.) cautiously added. The precipitate 
(0-67 g.) was isolated (centrifuge). It was a light brown powder (fraction FF) (Found: N, 
4-1%) and contained silver iodide (46-2%), which was liberated by boiling with water or with 
dilute sulphuric acid. When freshly isolated, the powder was soluble in chloroform and methyl 
iodide, but on drying it became insoluble in these solvents. 

Irvine and Hynd (loc. cit.) obtained a similar compound from the methylation of glucosamine 
with methyl iodide and silver oxide. Accordingly control experiments were carried out on an 
authentic specimen of (I). A sample (0-45 g.) was boiled with methyl iodide and silver oxide 
for 6 hours. The product (0-41 g.) was soluble in methyl alcohol and in chloroform. It 
crystallised and consisted entirely of (I). A second sample (0-43 g.) of (I) was heated with 
methyl-alcoholic hydrogen chloride (20 c.c. of a 2% solution) ([a]p +131°——> +139° in 48 
hours), and the product was isolated as a syrup. This was dissolved in methyl iodide; on 
addition of silver oxide at 18° a vigorous reaction took place. When this subsided, the solution 
was heated at 40° for an hour. A syrupy product (0-4 g.) was obtained. It was dissolved in 
chloroform, and methyl alcohol added, whereby a light brown powder, apparently identical with 
that isolated above (Fraction FF) was obtained. It appears that fraction FF originated from 
a glucosamine derivative, probably possessing a free amino-group, present in fraction FD. The 
mother-liquors remaining after removal of fraction FF contained further amounts of the light 
brown powder (0-5 g.) together with a small portion (0-20 g.) of syrupy hexose derivatives. Work 
is being continued on the nature of these fractions. 

Direct Methylation of Ovomucoid.—Ovomucoid (25 g.) was dissolved in water (200 c.c.), and 
carbon tetrachloride (300 c.c.) and methyl sulphate (100 c.c.) added. The mixture was stirred 
vigorously at 45°, and sodium hydroxide (200 c.c. of a 35% solution) slowly added during 1 hour. 
Methyl sulphate (100 c.c.) and sodium hydroxide (200 c.c. of the above solution) were added 
dropwise during 2 hours. The solution was stirred at 60° for a further 2 hours; a deposit of 
sodium sulphate and methylated product then remained insoluble. These were collected on 
cloth (the filtrate was rejected) and the methylated product was dissolved in aqueous acetone 
(11.), which was neutralised with dilute sulphuric acid and filtered. The filtrate was evaporated 
to dryness. The residual, partly methylated carbohydrate was dissolved in water (200 c.c.) 
and acetone (200 c.c.) and remethylated with methyl sulphate (160 c.c.) and sodium hydroxide 
(200 c.c. of 35% solution) in the usual manner. The methylated material was extracted from 
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the insoluble deposit by means of acetone. Removal of the acetone by distillation gave a gum, 
which was dissolved in chloroform; the solution was dried over anhydrous magnesium sulphate 
and filtered. Partial removal of the chloroform gave a syrup (100 c.c.), which was poured 
into light petroleum (400 c.c.). The methylated material was a yellow powder. This was 
remethylated by three successive treatments with methyl iodide and silver oxide; the product, : 
isolated in the usual manner, was a cream-coloured powder (4 g.), [«]p +0° in water (c, 1-0) ; 
(Found : OMe, 30-1%). 

A portion was hydrolysed by heating it for 24 hours with 2% methyl-alcoholic hydrogen 
chloride ([a]» +0°——» +47°). From the hydrolysate, by the method of fractionation 
previously described, 2-acetamido 3: 4: 6-trimethyl «-methylglucoside was isolated in 10% 
yield. 
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34. The Action of Chlorine on Aryl Thiocarbimides and the 
Reactions of Aryl isoCyanodichlorides. 
By G. Matcotm Dyson and THomas HARRINGTON. 


The reaction between aryl thiocarbimides and chlorine yields heterocyclic di- 2 
sulphides and isocyanodichlorides. The decomposition and hydrolysis of the inter- Rs 
mediate compounds to arylaminobenzthiazoles and the value of the isocyanodichlorides i 
in synthesising guanidines have been examined. i@ 





SELL and ZIEROLD (Ber., 1874, 7, 1228) showed that phenyl thiocarbimide in chloro- 
form is converted by chlorine into phenyl tsocyanodichloride and sulphur dichloride. q 
In repeating this work, Helmers (Ber., 1887, 20, 786) observed the formation of a white i 
precipitate, apparently an intermediate stage in the above reaction, to which he assigned if 
the formula (PhNCS),Cl,, based on its reaction with both alcohol and water to form i 
bis(phenylthiocarbimide) oxide, (PhNCS),O, and with hydrogen sulphide to form thio- h 
carbanilide. He obtained analogous reactions with #-tolyl thiocarbimide. i 
Freund (Amnalen, 1895, 285, 154) obtained bis(phenylthiocarbimide) oxide by the 
action of bromine on phenyl thiocarbimide and demonstrated its similarity in structure | 
to perthiocyanic acid. Later the substance was assigned the structure (I) by Fromm and ig 
Heyder (Ber., 1909, 42, 3800). i 
We have extended the investigations of Helmers to a representative series of thio- t 
carbimides and find that the separation of the intermediate compounds does not always 
take place, and in those cases where separation does occur, the amount is always very small. 
By altering the conditions of reaction a large amount of solid material can be obtained ; 
this, however, is a new substance, which does not give the oxide on treatment with alcohol, 
but on reaction with caustic soda gives 1-anilinobenzthiazole (IT). 
It is possible to order all the above observations into the following scheme : 







PhNCS + Cl, I | H,0 i ? | 
PhN: “y Cnperane « ane at vor +2HCl «@,) i 
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Of the substances formulated, all have accepted constitutions except (III) and (IV); 
that of (III) has been established by empirical analysis and by its reactions, but the extreme 
instability of the compound precludes a more precise determination ; (IV) is a hypothetical 
intermediate. 

Nef (Annalen, 1892, 270, 282) claimed that phenyl ssocyanodichloride as prepared by 
Sell and Zierold contained #-chlorophenyl isocyanodichloride, but this was not confirmed 
by Bly, Perkins, and Lewis (J. Amer. Chem. Soc., 1922, 44, 2896), who, by using phenyl 
isocyanodichloride itself as the solvent in place of chloroform, obtained a pure product. 
Dennstedt (Ber., 1880, 13, 228) prepared p-bromophenyl isocyanodichloride by Sell and 
Zierold’s method and Bly obtained, together with other products, p-chlorophenyl and 
2 : 4-dichlorophenyl isocyanodichlorides by the action of thionyl chloride and chlorine on 
formanilide. Of the substituted phenyl thiocarbimides examined by us, only o-nitrophenyl 
thiocarbimide failed to yield the corresponding isocyanodichloride. In this case, the 
product decomposed with explosive violence when the solvent used in the reaction was being 
distilled off on the water-bath. . 

The action of chlorine on the naphthyl thiocarbimides is being investigated. 

Action of Acetic Acid on the isoCyanodichlorides.—Sell and Zierold, by acting on phenyl 
isocyanodichloride with glacial acetic acid, obtained acetanilide. They identified acetyl 
chloride as a product of the reaction and suggested the equations : 


(1) PhN:CCl, + ACOH —> HCl + AcCl + PhNCO 
(2) PhNCO + AcOH —> PhNHAc + CO, 


They did not isolate or observe the formation of phenyl ssocyanate. 

We have shown that phenyl isocyanate is not an intermediate in the above reaction, 
but-that diphenylurea is first formed and then, under the action of the acetyl chloride 
produced, breaks down to form acetanilide : 


(1) 2PhN:CCl, + 3AcOH —> PhNH-CO-NHPh + CO, + HCl + 3AcCl 
(2) PhNH-CO-NHPh + AcCl + AcOH —> 2PhNHAc + CO, + HCl 


This is proved by the isolation of substantial quantities of s-diphenylurea in the first 
stage of the above reaction, and by the fact that s-diphenylurea is only very slowly 
hydrolysed to acetanilide by acetic acid alone, whereas in the presence of acetyl chloride 
the reaction is rapid and proceeds to completion. 

The behaviour of the other isocyanodichlorides is analogous with the above, except 
that m-tolyl isocyanodichloride yields an intermediate nitrogenous compound, m. p. 278°, 
of unknown constitution. 

Primary Amines and isoCyanodichlorides.—Sell and Zierold (loc. cit.), by gently warming 
a mixture of phenyl ssocyanodichloride and aniline, obtained a yellow-brown resin, which 
crystallised from aqueous alcohol in small white plates. On treatment with ammonia, the 
above compound yielded a white resinous mass which could not be purified. They suggested 
that the white crystalline compound was an isomer of triphenylguanidine, m.p. 207°. 
Nef (loc. cit.) allowed phenyl isocyanodichloride to react with aniline and obtained tri- 
phenylguanidine hydrochloride, m.p. 241°. Dennstedt (loc. cit.) treated ~-bromopheny]l 
tsocyanodichloride with p-bromoaniline and obtained tri-p-bromophenylguanidine hydro- 
chloride, from which he failed to isolate the free base. 

We have extended the above investigations to a representative series of isocyanodi- 
chlorides and primary amines, and found that a guanidine hydrochloride is always obtained, 
from which the base can usually be isolated : 


RN:CCl, + 3R’NH, —> RN:C(NHR’),,HCl + R’NH,,HC1 
The method constitutes a simple approach to the unsymmetrical guanidines. 


EXPERIMENTAL. 


Phenyl thiocarbimide (460 g.) was prepared from thiocarbanilide (1100 g.) by the method of 
Bly, Perkins, and Lewis (loc. cit.). 0-, m-, and p-Nitrophenyl thiocarbimides were prepared as 
follows: The nitroaniline (150 g.) was dissolved in hot concentrated hydrochloric acid (750 ml.), 
and water (6 1.) at 50° added, followed by thiocarbonyl chloride (125 g.) in 15 g. portions at 
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10-minute intervals. After 5 hours’ stirring, the product was collected and recrystallised from 
dilute acetone. Yields, 100—130 g. o0-Nitrophenyl thiocarbimide was photosensitive, 
changing from yellow through green to black when left for a few hours in sunlight and becoming 
yellow again in the dark. The other thiocarbimides used in this work were prepared by Dyson 
and George’s method (J., 1924, 125, 1702). 

Bis(phenylthiocarbimide) Oxide.—Phenyl thiocarbimide (20 g.) in chloroform (64 g.) was 
slowly treated with chlorine without cooling until the increase in weight was 2 g. and solid 
commenced to appear. After $ hour the solid was collected and dissolved in warm alcohol; 
yellow needles, m. p. 118°, crystallised (Found: N, 10-1. Calc. for C,,H,,ON,S,: N, 98%). 

The following analogues were prepared (all formed yellow needles): p-tolyl, m. p. 139° 
(Found: N, 9-2. C,,H,,ON,S, requires N, 8-9%); m-folyl, m. p. 128° (Found: N, 9-0%); 
p-bromophenyl (Found: S, 14-6; N, 6-5. C,H,ON,Br,S, requires S, 14:5; N, 6-3%). 

No oxides were obtained from o-tolyl, o-, m-, and p-nitrophenyl thiocarbimides. 

1-A nilinobenzthiazole.—(a) Phenyl thiocarbimide (20 g.) in chloroform (10 g.) was treated 
with chlorine until the increase in weight was 7 g. After 12 hours, the solid was collected, 
boiled with 40% sodium hydroxide solution for 5 minutes, and crystallised from alcohol and 
then from dilute acetic acid. The product formed long needles, m. p. 159° (Found: C, 69-1; 
H, 4-4; N, 12-6; S, 14-4. Calc. for C,,H,)N,S: C, 69-0; H, 4-4; N, 12-4; S, 141%). The 
picrate formed yellow needles, m. p. 221°. 

(b) Thiocarbanilide (4-5 g.), suspended in chloroform (50 ml.), was mixed with bromine 
(3-2 g.) in chloroform (10 ml.) and boiled for 4 hour; much hydrogen bromide was evolved. 
On cooling and standing, red needles of a bromo-addition product were deposited. These were 
suspended in sulphurous acid and reduced with sulphur dioxide; the product tended to form a 
sticky mass. The solid eventually obtained was treated with hot 2n-sodium hydroxide, and the 
base crystallised from ethyl acetate; m. p. 157°. 

Phenyl isoCyanodichloride.—This was prepared by Sell and Zierold’s method (loc. cit.), 
phenyl isocyanodichloride itself, however, being used as solvent. Phenyl thiocarbimide (318 
g.) in phenyl isocyanodichloride (289 g.) was treated with chlorine with cooling for 8 hours. 
The increase in weight was 363g. The resulting liquid was freed from sulphur dichloride by dis- 
tillation, and the phenyl isocyanodichloride fractionated twice, the portion, b. p. 209—211°, 
being collected as a colourless oil, d'*" 1-285; yield, 256 g. (Found: N, 8-2. Calc. forC,H,NCl, : 
N, 805%). 

The following analogues were prepared by treatment with chlorine in 2—3 times their 
weight of carbon disulphide and purified by fractionation under reduced pressure. All were 
colourless or pale yellow, lachrymatory oils, with unpleasant odours. 
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ae sane B. p. a, N %, theo. N %, found. 
p- a cessesesseee 122—124°/15 mm. 1-5 5-5 5-5 
p-Anisyl cesecccecececeeereeee 155—160/15 mm. 15 _— _— 
ae ecccsccscceccescescssessesseee 121—124/20 mm. 1-2 7-4 7-4 
M-TOly]  ...eereccceceeececeeeeeceeeee 130/10 mm. 1-35 7-4 7-2 
O-TOly] ......cceececeecceeseceseeeeeecee 125—130/15 mm. 1-3 7-4 73 


m- and p-Nitrophenyl seo CpsinidbeBleitaes —The corresponding thiocarbimides, being very 
sparingly soluble in carbon disulphide, were dissolved in four times their weight of warm chloro- 
form. The filtered solutions became cloudy on cooling, but soon cleared when chlorine was 
passed into them. m-Nitrophenyl isocyanodichloride was distilled under reduced pressure; 
the portion, b. p. 165—170°/15 mm., set solid on cooling and then crystallised from ligroin in 
pale yellow, rhombic crystals, m. p. 68°. p-Nitrophenyl isocyanodichloride, crystallised twice 
from ligroin, had m. p. 80° (Found: N, 13-3. C,H,O,N,Cl, requires N, 13- 1%). 

s-Diphenylurea.—Phenyl isocyanodichloride (5 g.) and acetic acid (3-5 g.) in benzene (20 
ml.) were refluxed for 2hours. The benzene was removed by distillation, and the solid crystallised 
from alcohol; it formed long needles, m. p. 238° (subl.) alone or mixed with authentic s-diphenyl- 
urea. 

The p-tolyl and o-tolyl analogues, m. p. 260° and 245° respectively, were prepared. 

Acetanilide.—Phenyl isocyanodichloride (10 g.), acetic acid (25 ml.), and benzene (50 ml.) 
were refluxed for 10 hours; much hydrogen chloride was evolved. The benzene was distilled 
off, and the acetic acid neutralised with 40% sodium hydroxide solution. The liberated oil 
set solid on cooling; recrystallised from water, it had m. p. 113°, alone or mixed with authentic 
acetanilide. Yield, 5 g. 

Aceto-p-toluidide, m. p. 147°, aceto-m-toluidide, m. p. 65°, and aceto-o-toluidide, m. p. 109°, 
were prepared. 
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p-Bromophenyl isoCyanodichloride and Acetic Acid.—p-Bromophenyl isocyanodichloride 
(10 g.) and acetic acid (25 ml.) in benzene (50 ml.) were boiled together for 5 hours. Long 
colourless needles, m. p. and mixed m. p. with s-di-p-bromophenylurea 300°, separated on 
cooling. After a further 20 hours’ boiling, some s-di-p-bromophenylurea still remained and 
was filtered off. The benzene was distilled from the filtrate, and acetic acid neutralised with 
40% sodium hydroxide solution. The oil obtained quickly became solid; it formed needles, 
m. p. and mixed m. p. with authentic p-bromoacetanilide 170°, from dilute alcohol. 

m-Nitrophenyl isoCyanodichloride and Acetic Acid.—m-Nitrophenyl isocyanodichloride 
(5 g.) and acetic acid (15 ml.) in benzene (25 ml.), after 5 hours’ boiling, gave yellow needles, 
m. p. 246° after recrystallisation from alcohol (s-di-m-nitrophenylurea has m. p. 248°). After 
20 hours’ boiling, the residual urea was removed, benzene distilled off, and the acetic acid 
solution kept overnight; m-nitroacetanilide, m. p. 150°, mixed m. p. with an authentic specimen 
149°, crystallised. 

Triphenylguanidine.—Phenyl isocyanodichloride (5 g.), aniline (10 g.), and benzene (100 ml.) 
were boiled under reflux for 16 hours. The crystalline solid which separated was filtered off, 
digested with hot concentrated hydrochloric acid, and allowed to cool. The triphenylguanidine 
hydrochloride thus obtained was crystallised from water; m. p. 241—242°, mixed m. p. with an 
authentic sample 240°. The base, liberated from a solution of the hydrochloride by means of 
ammonia and crystallised from alcohol, had m. p. 144°. 

The following analogues were prepared : 


M. p. of 

Guanidine. hydrochloride. 
Phenyldi-p-toly] —......sseseseeseeeeee 222-—223° 
Phenyldi-m-tolyl ........ceseseeeeeeee 206 
Phenyldi-o-tolyl .. eo =| 
Phenyldi-p-bromopheny/! . 257—262 
p-Tolyldipheny] .. socsewveciss MOU 
Tri-p-tolyl ....... seooee 231 
p-Tolyldi-p-bromophenyl .. --. 262—266 
Tri-m-tolyl ... sanidcssudes: eee 
m-Tolyldi-p- tolyl ode adebbgenedescadecs | eae 
Tri-0-toly] .........ccccsecsescesccceeeee 2IZ—2Z15 
o-Tolyldi-p-tolyl _ Se 
Tri-p-bromophenyl _ ...............+.. 270—276 (decomp.) 
p-Bromophenyldi-p- tolyl .. .. 261 
m-Nitrophenyldi-p-tolyl ............ 201—205 
m-Nitrophenyldi-m-tolyl ............ 218—225 
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The hydrochlorides are all white crystalline solids. The nitroguanidines are orange-yellow, 
the others colourless. 
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35. Colchicine and Related Compounds. Part I. Some Observations 
on the Structure of Colchicine. 


By A. CoHEN, J. W. Cook, and (Miss) E. M. F. Rog. 


Colchinol methyl ether, a primary amine obtained by degradation of colchicine, has 
been converted by nitrous acid into a carbinol. The constitution of colchicine is 
discussed in relation to the stability and properties of this carbinol and of other 
degradation products of colchicine. 


CoLcHICINE, an alkaloid first isolated from the autumn crocus, has been much used in 
recent years by biological workers who have utilised its effect on cell division. Moreover, 
Amoroso (Nature, 1935, 135, 266) reported that injections of colchicine resulted in inhibition 
of tumour growth in mice and a dog, and subsequent workers who have studied the influence 
of colchicine on tumour-growth have occasionally observed tumour-regression (see, for 
example, Peyron, Lafay, and Kobozieff, Bull. Cancer, 1936, 29, 874; von Briicke and von 
Hueber, Klin. Woch., 1939, No. 34, 1160). The high toxicity of colchicine greatly restricts 
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the dosage which may be given, ahd our primary interest in undertaking this series of 
investigations has been to seek compounds which would retain the action of colchicine on 
cell division without having the high toxicity of the alkaloid. Several transformation 
products of colchicine were found by Brues and Cohen (Biochem. J., 1936, 30, 1363) to 
have its characteristic effect on mitosis, and the following paper describes a preliminary 
study of the synthesis of compounds having some of the structural features of colchicine. 

The molecular constitution of colchicine has been largely elucidated by Windaus 
(Annalen, 1924, 489, 59), who proposed formula (I), which is undoubtedly correct in most 
details, The positions of substitution in ug C have recently been established by Grewe 
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(Ber., 1938, 71, 907), but it is still possible that the substituents shown in these positions 
require to be interchanged. The hydrogenation of colchicine and its first hydrolysis 
product, colchiceine (a hydroxymethylene-ketone), has been studied in detail by Bursian 
(Ber., 1938, 71, 245), who has also examined the ultra-violet absorption spectra of colchicine 
and certain of its transformation products, and finds them consistent with Windaus’s 


formulation. 

The purpose of the present communication is to draw attention to some respects in 
which Windaus’s structure seems unsatisfactory. A degradation product, colchinol : 
methyl ether, should have formula (II), but this respresents a derivative of 9-amino- ; 


9 : 10-dihydrophenanthrene, which should easily pass into the completely aromatic state 
by loss of ammonia, a behaviour shown by somewhat simpler compounds of analogous 
structure synthesised by Windaus and his co-workers (Ber., 1924, 57, 1871, 1875). There 4 
is no evidence of such instability. Moreover, by the action of nitrous acid on colchinol 
methyl ether we have obtained a carbinol the stability of which is quite incompatible 
with the structure of a tertiary carbinol related to 9: 10-dihydrophenanthrene. This type 
of difficulty would be removed if colchinol methyl ether were assumed to have its amino- 
group in the side chain instead of attached to the nucleus. The carbinol would then be 7 
represented by (III). This, however, introduces a new difficulty, for on this basis colchinol ; 
methyl ether would have unsubstituted hydrogen atoms at positions 9 and 10 and should 
easily lose a molecule of hydrogen and give the phenanthrene structure. Yet 
N-acetylcolchinol methyl ether was recovered unchanged after an attempt to effect 
dehydrogenation with platinum-black at 280°. 

Several attempts have been made to distinguish between structures of type (II) and 
type (III) for the carbinol obtained from colchinol methyl ether. A compound of structure 
(III) should be capable of oxidation to an aldehyde and thence an acid. We have, 
however, been unable to isolate a crystalline oxidation product. In another approach 
to the problem use was made of the reaction with phthalic anhydride, which should 
distinguish between a primary and a tertiary carbinol. However, the carbinol did not 
react in benzene solution with phthalic anhydride, but gave a hydrogen phthalate when : 
fused with phthalic anhydride at 180°. This behaviour is more characteristic of a secondary 
carbinol than of a primary or a tertiary carbinol, but does not exclude a primary alcohol | 
(compare Houben, “‘ Die Methoden der Organischen Chemie,’’ 1930, III, 20). a 

The figure shows the ultra-violet absorption curves of the carbinol, m. p. 116°, from 4 
colchinol methyl ether, together with that of N-acetylcolchinol methyl ether. The : 
measurements were made in alcoholic solution. The curve for N-acetylcolchinol methyl 
ether is very similar to that given by Askew (J., 1935, 513) for 9 : 10-dihydrophenanthrene ‘ 
as regards both wave-length and intensity of absorption. The curve of the carbinol shows 
much the same intensity, but the band is considerably displaced towards the visible region, 
It is evident from these comparisons that the carbinol is not a phenanthrene derivative, 
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which might conceivably have been formed from a dihydrophenanthrene structure by the 
dehydrogenating action of nitrous acid, for the absorption spectrum of phenanthrene is 
quite different in character. Furthermore, spectroscopic examination failed to reveal the 
presence of a phenanthrene derivative in a mixture of carbinol and higher-melting material 
formed in several experiments in which colchinol methyl ether was treated with nitrous 
acid (see experimental section). The absorption curve of such a mixture was very similar 
to that of the pure carbinol, with a somewhat lower intensity. Bursian (loc. cit.) recorded 
the absorption spectrum of N-acetylcolchinol methyl ether in chloroform solution; his 
curve has a general resemblance to ours, but the intensity of his maximum is very much 


higher. 
NE 





















































eee N-Acety/colchinol 
methy! ether 


-o-c-o- Carbinol (m.p. 176°) 











— 4 


















































O00 2500 3000 3500 


Wave-length, A. 





The evidence of the presence of the phenanthrene ring system in colchicine is the 
conversion by Windaus of colchinol methyl ether by exhaustive methylation into a tetra- 
methoxy-compound which gave 9-methylphenanthrene on demethylation, followed by 
distillation with zinc dust. The structures of rings A and C of colchicine seem to rest on 
a secure foundation, but that of ring B is less certain. Possibly the phenanthrene structure 
arises by intramolecular change in ring B in the drastic process of zinc dust distillation. 
If this were so, ring B of colchicine might be seven-membered, leading to a structure (IV) 
for our carbinol, and this would accommodate all the known facts of the chemistry of 
colchicine. A decisive answer to this question would be given by the synthesis of Windaus’s 
tetramethoxy-compound formed by exhaustive methylation. If colchinol methyl ether is 
a dihydrophenanthrene derivative, this tetramethoxy-compound should be 2 : 3 : 4 : 6- or 
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i \ i 1-5 mg. of a semicarbazone, m. p. 149—150°, were isolated from the products of oxidation of 
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2:3: 4: 7-tetramethoxy-9-methylphenanthrene, and the synthesis of both these 
compounds is being undertaken by one of us. We do not overlook the possibility that the 
action of nitrous acid on colchinol methyl ether may be attended by molecular rearrange- 
ment (compare Wallach, Annalen, 1907, 358, 326). 

















EXPERIMENTAL. 


Degradation of colchicine to colchinol methyl ether hydrochloride was carried out by methods 
described in the literature, references to which are given by Brues and Cohen (loc. cit.). 

Action of Nitrous Acid on Colchinol Methyl Ether.—A 10% solution of sodium nitrite (2-8 g.) 
was added during an hour to a mechanically stirred ice-cooled solution of colchinol methyl 
ether hydrochloride (13-2 g.) in 10% acetic acid (150c.c.). After being kept at room temperature 
for 2 hours, the product was extracted with ether, and the extract washed with dilute sodium 
carbonate solution, dried, and distilled. The resinous distillate (5-1 g.), b. p. 230°/3 mm., was 
dissolved in benzene, and light petroleum added until a slight turbidity was produced. The 
solution slowly crystallised in the refrigerator, and recrystallisation from benzene—light petroleum 
gave 2-5 g. of large well-formed crystals, m. p. 115°. This carbinol was purified by further 
recrystallisation from benzene—light petroleum, and then formed colourless hexagonal plates, 
m. p. 115-56—116-5° (Found: C, 69-0; H, 6-4; OMe, 37-3. C,H,,O,; requires C, 69-05; H, 
6:7; OMe, 37-6%). The p-phenylbenzoate, obtained by 1 hour’s heating at 100° with p-phenyl- 
benzoyl chloride in pyridine, crystallised from alcohol in colourless leaflets, m. p. 146—147° 
(Found: C, 75-0; H, 5-95; OMe, 23-5. C,,H,,O, requires C, 75-3; H, 5-9; OMe, 24:3%). 

Attempts were made to oxidise this carbinol with chromic acid and potassium permanganate 
under various conditions, but crystalline or acidic products were not obtained. In one case 
































300 mg. of the carbinol with cold chromic acid in acetic acid. f 
In other preparative experiments the carbinol was contaminated with an impurity of higher 
m. p. which was difficult to remove by crystallisation. The pure carbinol was, however, readily 
isolated by preparation and hydrolysis of the aforesaid p-phenylbenzoate. Heating on the 
water-bath after addition of the sodium nitrite seemed to favour the formation of the by- 
product and repeated crystallisation of the distilled product then gave a crystalline powder, + 
m. p. 133—134° after sintering. This did not differ in composition from the pure carbinol, so , 
the second substance appears to be an isomeride of the carbinol (Found: C, 69-1; H, 6-9; 
| OMe, 37-4%). 
A crude carbinol mixture of m. p. 113—130° was heated with isoamyl disulphide at 210° in 
an attempt to bring about dehydrogenation. The carbinol described above was converted 
into resinous products, and after vacuum distillation and recrystallisation there was obtained 
a compound which formed colourless prisms (from benzene), m. p. 157—-160° (Found : C, 69-1; 
H, 66%). This may have been the contaminant in the carbinol; it gave a p-phenylbenzoate, 
m. p. 108—109° to a cloudy liquid, not obtained analytically pure. 
Action of Phthalic Anhydride on the Carbinol, m. p. 116°, from Colchinol Methyl Ether.— ' 
When a solution of the carbinol (0-3 g.) and phthalic anhydride (0-3 g.) in benzene was boiled ; 
for an hour, the carbiriol (0-25 g.) was recovered. A mixture of the carbinol (0-3 g.) and phthalic 
anhydride (0-3 g.) was therefore heated at 180° for an hour, and the melt afterwards extracted 
with benzene. It was alniost completely removed from the benzene extract by shaking with 
dilute sodium carbonate solution, and the reprecipitated hydrogen phthalate was recrystallised 
three times from benzene; it then formed small colourless leaflets, m. p. 143—144° (Found: C, 
67-7; H, 5:5. C,,H,,O, requires C, 67-75; H, 55%). 
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36. Colchicine and Related Compounds. Part II. Synthesis of ‘a 
Simple Analogue of N-Acetylcolchinol Methyl Ether. 


By J. W. Cook and Lewis L. ENGEL. 


As a preliminary to a synthetic.approach to the colchicine structure condensations 
have been carried out between 3: 4: 5-trimethoxybenzaldehyde and phenylacetonitrile, 
phenylacetic acid, and their p-methoxy-derivatives. From one of the condensation 
products was obtained a compound (III) which may have a structural relationship to a 
colchicine degradation product. Biological examination suggested that further 
attention should be given to this type of compound. 


APPLICATION of Pschorr’s method to the synthesis of phenanthrene derivatives having 
structures similar to that proposed by Windaus for colchicine (see preceding paper) is 
limited by the poor yield of 2-nitro-compound formed by the nitration of 3: 4: 5-tri- 
methoxybenzaldehyde (Sharp, J., 1936, 1234). The experiments now recorded. were 
carried out in 1937 with the dual object of preparing for biological test dicyclic compounds 
having a structural resemblance to derivatives of colchicine, and of studying, in these 
dicyclic compounds, reactions which might be applied subsequently to the less accessible 
phenanthrene derivatives. The closest approach to the colchicine type of structure was 
realised with a derivative of diphenylpropylamine (III), which, if cyclised by elimination 
of two hydrogen atoms, would give a structure which has been under consideration for 
N-acetylcolchinol methyl ether (compare Part I). 

The effect of (III) on mitosis in the liver of the rat was examined by Dr. A. M. Brues 
of Harvard Medical School, who reported that ‘‘ 10 mg. gave a completely abnormal nuclear 
picture, and 1 mg. gave a slightly modified picture. Probably owing to the low solubility 
of this compound, these effects were hardly visible after one day and were at their best 
four days after a single dose. The fatal dose of this compound was 100 mg., and death 
occurred in opisthotonic convulsions as in the case of poisoning with strychnine and a 
number of other alkaloids.’”” Thus it seems that this synthetic compound has something 
of the biological properties of alkaloids containing condensed ring systems, and the examin- 
ation of a series of related compounds is being undertaken. It has long been known in the 
case of nicotine and cocaine that the complete ring systems of these alkaloids are 
not essential for their biological effects, and it has recently been shown (Buth, Kiilz, and 
Rosenmund, Ber., 1939, 72, 19) that a whole series of dicyclic compounds, mostly 
bis(phenylethyl)amine derivatives, have the spasmolytic action of papaverine and its 
tetrahydride. 

Condensation of sodium phenylacetate with 3: 4: 5-trimethoxybenzaldehyde by the 
Perkin method led to «-phenyl-8-(3 : 4 : 5-trimethoxyphenyl)acrylic acid (I; R= H, X= 
CO,H). By hydrogenation over palladium-black this was smoothly converted into «- 
phenyl-B-(3 : 4: ehgiaene acid (Il; R=H, X =CO,H), which was 
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also obtained by hydrolysis of a reduction product of «-cyano-u-phenyl-B-(3 : 4 : 5-tri- 
methoxyphenyl)ethylene (I; R= H,X=CN). This cyano-compound was formed in good 
yield by condensation of phenylacetonitrile and 3:4: 5-trimethoxybenzaldehyde by 
means of dilute alkali solution. It was hoped that the saturated acid (II; R=H, 
X = CO,H) could be nitrated in the methoxylated ring to give a nitro-acid which could 


be used in the Pschorr phenanthrene synthesis. However, nitration experiments led to 
profound decomposition of the acid. 
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Condensation was also effected between sodium -anisylacetate and 3 : 4 : 5-trimethoxy- 
benzaldehyde. In addition to the expected a-p-anisyl-B-(3 : 4 : 5-trimethoxyphenyl)- 
acrylic acid (I; R = OMe, X = CO,H), there was also isolated 3 : 4: 5: 4’-tetramethoxy- 
stilbene (I; R = OMe, X = H) and a second neutral product which gave values for carbon 
and hydrogen pointing to the anhydride of the acid (I; R= OMe, X =CO,H). a- 
Cyano-a-p-anisyl-B-(3 : 4 : 5-trimethoxyphenyl)ethylene (I; R = OMe, X = CN) was obtained 
in 85% yield from #-methoxyphenylacetonitrile and 3: 4: 5-trimethoxybenzaldehyde. 
Catalytic hydrogenation with platinum oxide effected reduction of the nitrile to $-p- 
anisyl~y-(3 : 4 : 5-trimethoxyphenyl)propylamine (II; R= OMe, X = CH,°NH,), which 
gave an N-acetyl derivative (III), possibly closely related in structure to the tricyclic N- 
acetylcolchinol methyl ether. A by-product in the hydrogenation was the saturated 
nitrile (II; R = OMe, X = CN), which gave on hydrolysis the corresponding acid, identical 
with that obtained from f-anisylacetic acid. 


EXPERIMENTAL. 
(All m.p.’s are corrected.) 


3: 4: 5-Trimethoxybenzaldehyde was prepared as described by Nierenstein (J. pr. Chem., 
1931, 132, 200) (compare Slotta and Heller, Ber., 1930, 63, 3042). Its anil, obtained by 1 hour’s 
heating at 100° of molecular proportions of the aldehyde and aniline, formed colourless rhombs, 
m. p. 89—90° (from aqueous methyl alcohol) (Found: C, 70-6; H, 6-4. C,,H,,0O,N requires 
C, 70-8; H, 63%). The yield of 2-nitro-3 : 4: 5-trimethoxybenzaldehyde obtained from the 
nitration products of this anil was no more satisfactory than from direct nitration of the aldehyde 
(Sharp, loc. cit.). 

a-Phenyl-B-(3 : 4 : 5-trimethoxyphenyljacrylic Acid (I; R= H, X = CO,H).—A mixture of 
sodium phenylacetate (9 g.), 3: 4: 5-trimethoxybenzaldehyde (9-8 g.), and acetic anhydride 
(25 c.c.) was heated at 150—160° for 5 hours, cooled, poured on ice, and kept overnight. The 
pasty mass was collected and extracted with warm dilute sodium carbonate solution, and 
the alkaline solution shaken with ether and then acidified. The precipitated a-phenyl-B-(3: 4: 5- 
trimethoxyphenyl)acrylic acid was crystallised from aqueous alcohol and then benzene—cyclo- 
hexane and formed fine silky needles (5-5 g.), m. p. 186—187° (Found: C, 68-9; H, 5-8. 
C,,H,,0, requires C, 68-8; H, 5-8%). The p-phenylphenacyl ester formed microscopic prismatic 
needles, m. p. 123-5—124-5° (Found: C, 75-55; H, 5-5. C,.H,,O, requires C, 75-6; H, 
555%). Hydrogenation of the acrylic acid (4-8 g.) in acetic acid (75 c.c.) with palladium-black 
(0-4 g.) was complete in 4 hours at room temperature. The liquid «-phenyl-8-(3 : 4: 5-tri- 
methoxyphenyl)propionic acid (II; R = H, X = CO,H) so formed (3-9 g.; b. p. 215—219°/ 
0-5 mm.) gave a p-phenylphenacyl ester as a colourless microcrystalline powder, m. p. 94—95° 
(Found: C, 75-1; H, 5-9. C3,H;,O, requires C, 75-3; H, 5-9%). ; 

a-Cyano-a-phenyl-B-(3 : 4 : 5-tvimethoxyphenyljethylene (I; R=H, X = CN).—Condens- 
ation of phenylacetonitrile (4-1 g.) with 3: 4: 5-trimethoxybenzaldehyde (6-9 g.) in alcoholic 
solution (25 c.c.) was effected by vigorous shaking after addition of aqueous sodium hydroxide 
(1-4 g. in 3c.c.). The solution was acidified and the precipitate was collected and recrystallised, 
once from aqueous alcohol and twice from methyl alcohol. «a-Cyano-a-phenyl-B-(3 : 4: 5- 
wimethoxyphenyl)ethylene (6-8 g.) formed small colourless prisms, m. p. 77—79° (Found: C, 
741; H, 5-9. C,,H,,O,N requires C, 73-2; H, 5-8%). When this nitrile was shaken with 
hydrogen and a platinum oxide catalyst in alcoholic solution at 60°, the absorption of hydrogen 
corresponded with only one molecule. The product was hydrolysed by 11 hours’ boiling with 
25% alcoholic potash and gave an oily acid, which was identified through its ~-phenylphenacyl 
ester, m. p. 95°, as a-phenyl-8-(3 : 4 : 5-trimethoxyphenyl)propionic acid. 

a-p-A nisyl-B-(3 : 4: 5-trimethoxyphenyl)acrylic Acid (I; R=OMe, X =CO,H).—?- 
Anisylacetonitrile and -anisylacetic acid were obtained from anisaldehyde as described 
by Kindler and Peschke (Arch. Pharm., 1933, 271, 431). A mixture of 3: 4 : 5-trimethoxybenz- 
aldehyde (9-8 g.), sodium -anisylacetate (9-4 g.), and acetic anhydride (25 c.c.) was heated for 
5 hours in an oil-bath at 140—160°. The mixture was cooled, poured on ice, and kept over- 
night. The acidic product was extracted with warm sodium carbonate solution and gave, after 
recrystallisation from benzene and then toluene, almost colourless elongated plates (4-9 g.) of 
a-p-anisyl-B-(3 : 4 : 5-ivrimethoxyphenyl)acrylic acid, m. p. 207—-208° (Found: C, 66-5; H, 
6-0. C,,H,.O, requires C, 66-2; H, 59%). The ethyl ester, prepared through the silver salt, 
formed colourless leaflets, m. p. 84—85° (Found: C, 67-6; H, 6-6. C,,H,,O, requires C, 
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67:7; H, 65%), and the p-phenylphenacyl ester formed colourless elongated plates, m. p. 169— 
170° (Found: C, 73-2; H, 5-7. C33H;,0, requires C, 73-6; H, 5-6%). 

The neutral products from the above condensation were recrystallised from acetone-light 
petroleum and could then be separated mechanically into two components. One of these, 
present in small amount, crystallised from acetone-light petroleum in large yellowish prisms, 
m. p. 159-5—160-5°, and consisted of 3: 4:5: 4’-tetramethoxystilbene (Found: C, 72-0; H, 
6-75. C,H, O, requires C, 71-95; H, 6-7%). The major neutral product appeared to be the 
anhydride of anisyltrimethoxyphenylacrylic acid, into which it was converted by hydrolysis with 
alcoholic potash. It had m. p. 143—144° after three recrystallisations from acetone—light 
petroleum (Found: C, 68-2, 67-95; H, 5-9, 5-8. C,,H,,0,, requires C, 68-0; H, 5-7%). This 
substance could be recrystallised without change from boiling alcohol. 

a-p-A nisyl-B-(3 : 4 : 5-ivimethoxyphenyl)propionic Acid (Il; R= OMe, X = CO,H).—The 
foregoing acrylic acid (3-7 g.) was hydrogenated in acetic acid (100 c.c.) with platinum oxide 
(0-2 g.) at 60—70°. The saturated acid, after three recrystallisations from aqueous methyl 
alcohol, formed a colourless microcrystalline. powder (2-9 g.), m. p. 95-5—96-5° (Found: C, 
65-7; H, 6-3. C,,H,,O, requires C, 65-9; H, 64%). Its p-phenylphenacyl ester formed 
colourless fine needles, m. p. 94—95° (Found: C, 73-4; H, 5-9. C,,H,,0, requires C, 73:3; 
H, 6-0%). 

a-Cyano-a-p-anisyl-B-(3 : 4: 5-tvimethoxyphenyl)ethylene (I; R = OMe, X = CN).—Aqueous 
sodium hydroxide (1 g. in 5 c.c.) was added to a solution of 3: 4: 5-trimethoxybenzaldehyde 
(4-9 g.) and #-anisylacetonitrile (3-7 g.) in alcohol (7 c.c.). On slight warming, the 
condensation product began to crystallise, and was collected after cooling. a-Cyano-a-p- 
anisyl-B-(3 : 4 : 5-trimethoxyphenyl)ethylene (8-1 g.) formed colourless leaflets with a violet 
fluorescence (from alcohol), m. p. 114—115° (Found: C, 70-2; H, 5-9. C,,H,,O,N requires 
C, 70-1; H, 5-9%). 

B-p-A nisyl-y-(3 : 4 : 5-tvimethoxyphenyl)propylamine.—A solution of the aforesaid nitrile 
(16-2 g.) in alcohol (200 c.c.) was shaken at 60—70° with platinum oxide (0-4 g.) and hydrogen 
for 43 hours. The product was dissolved in ether and extracted with dilute hydrochloric acid 
to separate basic substances from neutral reduction products. The neutral ethereal solution 
gave 2-7 g. of a-cyano-a-p-anisyl-B-(3 : 4: 5-trimethoxyphenyl)ethane (II; R= OMe, X = CN), 
which formed colourless rectangular plates, m. p. 96-5—97-5° (Found: C, 69-6; H, 6-6. 
C,,H,,0,N requires C, 69-7; H, 65%). Hydrolysis with alcoholic alkali gave the p-anisyltri- 
methoxyphenylpropionic acid described above. This specimen had m. p. 97—98-5°. 

The basic hydrogenation product was liberated from the hydrochloric acid extract and 
heated on the water-bath for 1} hours with acetic anhydride (40 c.c.). The twice-distilled 
acetyl compound (5-9 g.; b. p. 258—263°/0-8 mm.), probably largely diacetyl compound, was 
refluxed for 4 hours with 10% alcoholic potash to convert it into the monoacetyl compound. 
The resulting N-acetyl-B-p-anisyl-y-(3 : 4 : 5-irimethoxyphenyl)propylamine (III) crystallised 
from benzene-light petroleum in microscopic prisms, m. p. 124-5—125-5° (Found: C, 67-8, 
67:7; H, 7-5, 7-4; N, 3-8; OMe, 31-95. C,,H,,0,;N requires C, 67-5; H, 7-3; N, 3-75; OMe, 
33-25%). 

In another hydrogenation of the nitrile the crude amine, which solidified but could not be 
recrystallised, was further characterised by its p-toluenesulphonyl derivative, which crystallised 
from aqueous methyl alcohol in clumps of colourless needles, m. p. 135—136° (Found: C, 
64-2; H, 6-6; S, 7-0. C,.H;,0,NS requires C, 64-3; H, 6-4; S, 6-7%), and its B-nxaphthalene- 
sulphonyl derivative, which separated from methyl alcohol in colourless fine needles, m. p. 
129-5—131° (Found: C, 66-85; H, 6-2; S, 6-35. C,.H;,O,NS requires C, 66-8; H, 6-0; S, 
6-15%). 


We are indebted to the British Empire Cancer Campaign for a grant to the Hospital which 
has supported this work. 
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THE Royat CANCER HosPiTAL (FREE), Lonpon, S.W. 3. [Received, January 1st, 1940.] 
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37. Octahydrodinaphthyline and Octahydronaphthidine. 
By G. D. ParKEs and G. N. WALTON. 


An improved procedure for the preparation of dinaphthyline and of naphthidine is 
described. These compounds have been reduced to the corresponding octahydro- 
derivatives and converted into /etvamethyl derivatives. This work was intended as the 
first stage of an investigation of the effect of condensed rings on the resolvability and 
ease of racemisation of certain diphenyl derivatives of the type investigated by Shaw and 
Turner (J., 1933, 135). Unfortunately, neither tetramethyldinaphthyline nor tetra- 
methyloctahydrodinaphthyline forms quaternary derivatives, so it is now proposed to 
use a different series of substances for the investigation. The preparation and 


properties of those reduced dinaphthyl derivatives which have been obtained are 
recorded. 










THE methods described by Nietzki and Goll (Ber., 1885, 18, 3259) and Cumming and Steel 
(J., 1923, 128, 2468) for the preparation of dinaphthyline from azonaphthalene 
by a benzidine change are not entirely satisfactory, the former on account of the ease with 
which hydrazonaphthalene is oxidised in the air before it can be transformed into di- 
naphthyline, the latter owing to decomposition and polymerisation during the evaporation 
of alcohol in the final stages. A modified procedure embodying some features of both 
methods has been found to give improved yields. Naphthidine is formed at the same time 
and can be isolated. 

By reduction with sodium and amyl alcohol ar-octahydrodinaphthyline and ar-octahydro- 
naphthidine have been obtained. Although naphthidine forms a quaternary ammonium 


compound fairly easily, corresponding salts of dinaphthyline and of its octahydro-derivative 
could not be obtained. 






































EXPERIMENTAL. 


Dinaphthyline.—1-Naphthylamine was converted into 4-amino-1: l1’-azonaphthalene and 
then into azonaphthalene as described by Michaelis and Erdmann (Ber., 1895, 28, 2198) and 
Nietzki and Goll (loc. cit.). Azonaphthalene (4 g.), suspended in a boiling solution of 8-5 g. of 
potassium hydroxide in 800 c.c. of methylated spirit, was reduced with zinc dust. The use of 
potassium hydroxide in preference to sodium hydroxide, and of methylated spirit instead of 
absolute alcohol, was found to accelerate the reaction without diminishing the yield, reduction 
being complete after 2 hours’ boiling. When colourless, the boiling solution was rapidly decanted 
into a mixture of 95 c.c..of concentrated hydrochloric acid and 100 c.c. of water, kept for 24 
hours in a tightly corked flask, and then poured into 41. of water; unchanged azonaphthalene 
was precipitated and was removed by filtration. From the clear, almost colourless filtrate, 
on neutralisation with concentrated potassium hydroxide solution, 3-2 g. of a mixture of di- 
naphthyline and naphthidine were obtained. The mixture was dissolved in 50 c.c. of 3% 
hydrochloric acid at 70—80° in an atmosphere of nitrogen, 50 c.c. of concentrated hydrochloric 
acid added, and the precipitated naphthidine hydrochloride removed. The filtrate, on neutralis- 
ation, yielded 1-8 g. of dinaphthyline, and 1-2 g. of naphthidine were obtained from the 
precipitated hydrochloride. 

ar-Octahydrodinaphthyline.—1 G. of finely powdered dinaphthyline was suspended in 60 g. 
of boiling amyl alcohol, 4 g. of sodium added during 1 hour (the final b. p. was 180°), the hot 
solution poured into 200 c.c. of water, and, after shaking, the amyl alcohol layer separated. 
The amy] alcohol was removed in steam and the solid remaining was dissolved in hot 3% hydro- 
chloric acid and reprecipitated, after filtration, by alkali. The precipitate was washed free from ‘ 
chloride, dried in a desiccator, recrystallised from 20 c.c. of boiling alcohol, and finally dried in i 
a vacuum at 100°. ar-Octahydrodinaphthyline was thus obtained in colourless plates (0-53 g.), 
m. p. 213° (Found: C, 82-1; H, 8-0; N, 9-6. C, 9H,,N, requires C, 82-2; H, 8-2; N, 9-6%). : 

av-Octahydrodinaphthyline is stable when dry, but is oxidised slowly in contact with the air h 
if damp or in solution in alcohol. It dissolves readily in dilute acids, but it was not possible 
to isolate a crystalline hydrochloride. No formation of the corresponding amine takes place on 
boiling solutions in hydrochloric acid (either dilute or concentrated) or acetic acid, and the 
original compound can be recovered unchanged. With sulphuric acid, of such concentration 
that the b. p. is above 150°, blackening takes place but no amine is formed. A cooled acid 
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solution of av-octahydrodinaphthyline can be tetrazotised, forming a clear yellow solution which 
gives a bright red azo-compound with alkaline 8-naphthol and an amorphous iodo-derivative 
(which could not be obtained crystalline) when treated with potassium iodide solution (cf. 
Mascarelli and Benati, Atti R. Accad. Lincei, 1907, 16, II, 565). This behaviour indicates that 
reduction has taken place in the unsubstituted rings. 

Attempts to acetylate or benzoylate ar-octahydrodinaphthyline were fruitless (compare 
2 : 2’-diaminodiphenyl, which can only be acetylated with difficulty; Tauber, Ber., 1891, 24, 
199). ayv-Octahydronaphthyline was dissolved in dry benzene (0-4 g. in 3 c.c.), excess of phenyl 
isocyanate added, and the mixture kept for 3days. The bis-NN’-phenylcarbamyl-ar-octahydrodi- 
naphthyline formed was contaminated with carbanilide, from which it was separated with 
difficulty by precipitation from benzene solution by addition of light petroleum (b. p. 40—-60°). 
It formed fine colourless needles, m. p. 168° (Found: C, 76-4; H, 6-1. C3,H,,0,N, requires 
C, 77-0; H, 64%). 

ar-Octahydronaphthidine.—This was prepared by reducing naphthidine in the same way as 
dinaphthyline. After steam-distillation the sticky tarry material was removed and dissolved 
in a small quantity of alcohol and a few drops of concentrated hydrochloric acid were added, 
followed by 25 c.c. of hot water. This dissolved the ar-octahydronaphthidine as its hydrochloride 
and the impurities were filtered off. The hot filtrate was heated with 25 c.c. of concentrated 
hydrochloric acid; on cooling, av-octahydronaphthidine hydrochloride separated. This was 
dissolved in hot water, and the base liberated as a white flocculent precipitate by addition of 
alkali. The base was very soluble in alcohol and the usual solvents, but did not crystallise 
when hot saturated solutions cooled; m. p. 50° (Found: C, 82-0; H, 7-95; N, 9-2. C, H,,N, 
requires C, 82:2; H, 8-2; N, 9-6%). The diacetyl derivative was obtained by adding 4 c.c. of 
acetic anhydride to a fine suspension of 0-5 g. of the base obtained by dissolving it in the least 
possible quantity of alcohol, adding 5 c.c. of water, and warming on a water-bath. Colourless 
crystalline plates slowly separated during an hour and were recrystallised from nitrobenzene ; 
m. p. 317° (Found: N, 7-6. C,,H,,0,N, requires N, 7-45%). 

Tetvamethyl-ar-octahydrodinaphthyline.—1-5 G. of av-octahydrodinaphthyline were dissolved 
in the smallest possible quantity of alcohol, 100 c.c. of water added (so producing a fine 
suspension), the mixture heated on a water-bath, and methy] sulphate and anhydrous potassium 
carbonate added (15 g. of each) in small quantities with vigorous shaking during 1 hour (the 
mixture being kept just alkaline). After a further } hour’s heating, the solution had become 
acidic and the suspended amine dissolved. A small quantity of tar was removed, and the 
filtrate made alkaline. The precipitated tetramethyl-ar-octahydrodinaphthyline was washed 
with water, dried, and recrystallised from alcohol, from which it separated in colourless plates, 
m. p. 154° (Found: N, 8-1. C,,H,,N, requires N, 8-05%). 

Tetramethyldinaphthyline was prepared similarly, but extra care was necessary to keep the 
reaction mixture alkaline during methylation in order to prevent formation of the imine of 
dinaphthyline (which proceeds very readily in presence of acid). It was sparingly soluble in 
alcohol, but easily soluble in benzene, from which it separated in colourless plates, m. p. 212° 
(Found: N, 8-4. C,,H,,N, requires N, 8-2%). Reduction of tetramethyldinaphthyline with 
sodium and amyl alcohol gave an octahydro-derivative identical with the product of methylation 
of av-octz hydrodinaphthyline. 

Tetramethylnaphthidine was prepared from naphthidine in the same way. It was very 
easily soluble in alcohol and other organic solvents and would not separate from them in a 
crystalline condition. 

Hexamethylnaphthidineammonium Di-iodide—0-4 G. of tetramethylnaphthidine was 
dissolved in 2 c.c. of methyl iodide. After 24 hours the quaternary salt was separated and 
recrystallised from methyl alcohol, from which it separated in clusters of needles, m. p. 220° 
(decomp.) (Found: I, 40-2. C,,H 3 )N,I, requires I, 40-7%). 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, October 21st, 1939.) 





38. Pyridine and Piperazine Derivatives of Sulphanilamide. 


By Writi1AM O. KERMACK and WALTER TEBRICH. 


2-(3'-Nitro-4'-hydroxybenzenesulphonamido) pyridine has been prepared by the con- 
densation of 3-nitro-4-acetamidobenzenesulphonyl chloride with 2-aminopyridine, 
followed by hydrolysis and replacement of the amino- by the hydroxy-group. By 


a oe eee oe Oe Lee ee lCUh ll 





























[1940} Piperazine Derivatives of Sulphanilamide. 203 


reduction 2-(3'-amino-4'-hydroxybenzenesulphonamido)pyridine has been obtained. A 
number of di- and mono-substituted piperazine derivatives have also been prepared. 
These compounds have been synthesised in order that their possible chemotherapeutic 
value may be ascertained. 


In order to synthesise 2-(3’-nitro- and 3'-amino-4'-hydroxybenzenesulphonamido) pyridine 
an attempt was first made to convert 2-(4’-aminobenzenesulphonamido)pyridine into the 
4-hydroxy-derivative by the ordinary diazo-method. In spite, however, of the fact that 
the diazotisation and decomposition proceed smoothly in the case of the simple 4-amino- 
benzenesulphonamide (cf. Kermack, Spragg, and Tebrich, J., 1939, 608) it was found 
that with the pyridine derivative the evolution of nitrogen took place much more slowly 
and a tarry product was obtained from which none of the desired compounds could be isol- 
ated. The method was therefore abandoned in favour of the following, 3-Nitro-4-acet- 
amidobenzenesulphonyl chloride was condensed with 2-aminopyridine, and the product, 
2-(3’-nitro-4'-acetamidobenzenesulphonamido)pyridine, hydrolysed to give 2-(3’-mnitro- 
4'-aminobenzenesulphonamido)pyridine. On treatment with hot alkali this compound 
slowly liberated ammonia to yield the required 2-(3’-nitro-4’-hydroxybenzenesulphon- 
amido)pyridine. Reduction of the latter with sodium hyposulphite yielded 2-(3’-amino- 
4'-hydroxybenzenesulphonamido) pyridine. 

In order to prepare derivatives of p-aminobenzenesulphonic acid containing piperazine, 
4-acetamidobenzenesulphonyl chloride was treated with piperazine. The only product 
obtained, even in presence of a large excess of piperazine, was 1 : 4-di-(p-acetamidobenzene- 
sulphonyl)piperazine. Wydrolysis of this compound with hot alcoholic hydrochloric acid 
yielded 1 : 4-di-(p-aminobenzenesulphonyl)piperazine. As the monopiperazine could not be 
obtained directly, use was made of the process developed by Moore, Boyle, and Thorne 
(J., 1929, 39). p-Acetamidobenzenesulphonyl chloride was condensed with ethyl piper- 
azinecarboxylate and the ethyl 4-(p-acetamidobenzenesulphonyl)piperazine-1-carboxylate so 
formed was hydrolysed either with alcoholic hydrochloric acid or with dilute alcoholic 
potassium hydroxide solution to give ethyl 4-(p-aminobenzenesulphonyl) piperazine-1-carb- 
oxylate. Further hydrolysis of this product with alcoholic potassium hydroxide yielded 
1-p-aminobenzenesulphonyl piperazine. 

Ethyl 4-(p-acetamidobenzenesulphonyl)piperazine-l-carboxylate was condensed with 
a further molecule of p-acetamidobenzenesulphonyl chloride, the product being ethyl 
4-(p-acetamidobenzenesulphonamidobenzenesulphonyl) piperazine-l-carboxylate. In spite of 


many efforts this very sparingly soluble compound could not be hydrolysed with removal 
of acetyl or carbethoxy-groups. 


EXPERIMENTAL. 


2-(3’-Nitro-4'-acetamidobenzenesulphonamido)pyridine.—To a solution of o-aminopyridine 
(0-5 g.) in dry pyridine (2 c.c.), 3-mitro-4-acetamidobenzenesulphonyl chloride (1-4 g.) (Kermack, 
Spragg, and Tebrich, J., 1939, 608), dissolved in dry pyridine (5 c.c.), was added. After a few 
hours, on dilution with much water, a brown precipitate was obtained, which was washed and 
dried (yield, 1-2 g.). The compound crystallised from cyclohexanone in yellow needles, m. p. 
270° (Found: N, 16-9. C,sH,,0,N,S requires N, 16°7%), insoluble in water, most organic 
solvents and sodium carbonate, but easily soluble in dilute alkali solution, 

2-(3'-Nitro-4'-aminobenzenesulphonamido)pyridine.—The acetyl compound (5 g.) was heated 
with 5n-hydrochloric acid (25 c.c.) on the water-bath. The precipitate which gradually 
separated was filtered off after 4 hour, washed (yield, 4 g.), and crystallised from nitrobenzene, 
giving yellow needles of 2-(3’-nitro-4'-aminobenzenesulphonamido)pyridine, m, p. 232° (Found : 
N, 19-4. C,,H,,0,N,S requires N, 19-1%), insoluble in water, alcohol, acetone, and ether and 
soluble in concentrated hydrochloric acid, alkali, and hot nitrobenzene. The acid aqueous 
solution gave a strong diazo-reaction. 

2 - (3'- Nityo- 4'-hydroxybenzenesulphonamido)pyridine.—2-(3'-Nitro-4’-aminobenzenesulphon- 
amido)pyridine (4 g.) was refluxed with 25% sodium hydroxide solution (40 c.c.) for several 
hours until the evolution of ammonia ceased. The dark brown solution was then slightly 
acidified with 10% hydrochloric acid, and the buff-coloured precipitate filtered off and washed 
with water (yield, 3-8 g.), The compound crystallised from alcohol in pale yellow needles, 
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m. p. 234°; usually some charcoal was required to remove associated brown pigment (Found : 
N, 14-5. C,;H,O,;N,S requires N, 14:2%). 2-(3’-Nitvo-4'-hydroxybenzenesulphonamido) pyridine, 
though having the same m. p., was readily differentiated from 2-(3’-nitro-4’-aminobenzene- 
sulphonamido)pyridine, as it lowered the m. p. of the latter and gave no diazo-test. It was 
insoluble in water and acids, ether and acetone, sparingly soluble in aclohol, and easily soluble 
in caustic soda, sodium carbonate, and bicarbonate solutions. 

2-(3'-A mino-4'-hydroxybenzenesulphonamido)pyridine—To a solution of 2-(3’-nitro-4’- 
hydroxybenzenesulphonamido)pyridine (1 g.) in N-sodium hydroxide (12 c.c.), sodium hypo- 
sulphite (2 g.) was added in small portions, the solution being kept slightly alkaline by the 
addition of sodium hydroxide. If necessary the solution was adjusted to approximate neutrality 
to complete the precipitation of the compound, which was filtered off and washed (yield, 0-4 g.). 
The product crystallised from water containing sodium hyposulphite in colourless hexagonal 
plates, m. p. 211° (Found: N, 15-6. C,,H,,0O,N,S requires N, 15-8%), insoluble in ether and 
acetone, soluble in dilute acid, alkali, and sodium carbonate solutions, and moderately easily 
soluble in hot water. Its acid solution gave a strong diazé-test. The compound, especially 
in aqueous solution, was readily oxidised in the air with the formation of brown products. 

1 : 4-Di-(p-acetamidobenzenesulphonyl)piperazine.—A. solution of p-acetamidobenzenesul- 
phony] chloride (2-3 g.) in wet ether (the compound is relatively sparingly soluble in dry ether) 
was vigorously shaken with a solution of piperazine hexahydrate (1 g.) in 0-1n-sodium hydroxide 
(100 c.c.). After some hours a microcrystalline white precipitate formed in the aqueous layer, 
which was separated from the ether and filtered (yield, 1:75 g.). The compound crystallised 
from cyclohexanone in fine colourless needles, m. p. 324° (Found: N, 11-2. Cy9H,,O,N,S, 
requires N, 11-5%), insoluble in water and most organic solvents except pyridine, in which it 
easily dissolved in the cold. 

1 : 4-Di-(p-aminobenzenesulphonyl)piperazine.—The above acetyl compound (2-4 g.) was 
refluxed with 10% alcoholic potassium hydroxide (25 c.c.) for 2 hours. Although no apparent 
change took place, the solid suspension, when filtered off, washed, and dried, melted at 330° 
and gave a positive diazo-test (yield, 1-9 g.). The product crystallised from nitrobenzene in 
colourless needles, m. p. 331—332° (Found: N, 14-0. C,,H,90,N,S, requires N, 14-0%), 
insoluble in water and most organic solvents, and moderately easily soluble in hot nitrobenzene. 

Ethyl 4-(p-Acetamidobenzenesulphonyl)piperazine-1-carboxylate—A solution of ethyl 
piperazine-1l-carboxylate (9-6 g.) (Moore, Boyle, and Thorne, Joc. cit.) in 0-1N-sodium hydroxide 
(500 c.c.) was shaken with a solution of p-acetamidobenzenesulphony] chloride (13-8 g.) in methyl- 
ated ether (500 c.c.). The white crystalline precipitate was filtered off, washed, and dried 
in a vacuum desiccator (yield, 18-5 g.). The product crystallised from alcohol in colourless 
needles, m. p. 132°. For analysis it was dried in a vacuum at 560° (Found: N, 11-1. 
C,,H,,0;N,;S requires N, 114%). Ethyl 4-(p-acetamidobenzenesulphonyl) piperazine-1-carb- 
oxylate was insoluble in water and om, moderately easily soluble in alcohol, and sparingly 
soluble in benzene. 

Ethyl 4-1p-Ausinebennenseuipheng pines \-oulentes-—The acetyl compound (2 g.) 

was refluxed with 5% alcoholic potassium hydroxide for 1 hour, and the solution filtered hot 
from a little insoluble residue. The white crystalline precipitate which separated on 
cooling was washed with water (yield, 1-1 g.) and recrystallised from alcohol. Ethyl 4-(p- 
aminobenzenesulphonyl)piperazine-1 carboxylate, m. p. 170° (Found: N, 13-8. C,3H,,0,N;S 
requires N, 13-5%), was insoluble in water and ether, moderately easily soluble in hot alcohol, 
from which it crystallised in long hexagonal prisms, and easily soluble in acetone and dilute 
acid; the latter solution gave a positive diazo-test. The hydrochloride had m. p. 198°. 
_ 1-p-Aminobenzenesulphonylpiperazine.—The preceding ester (2 g.) was refluxed with 10% 
alcoholic potassium hydroxide (20 c.c.) for 4 hours, and the solution filtered hot from a little 
potassium carbonate. The white crystalline material which separated almost immediately 
from the filtrate was collected, washed with water, and dried (yield, 0-8 g.). The product, 
which gave a strong diazo-test and crystallised from alcohol in colourless leaflets, m. p. 204° 
(Found: N, 17-7. C,9H,,0,N,S requires N, 17-4%), was insoluble in water, ether, and benzene, 
moderately easily soluble in alcohol, and easily soluble in dilute acids. 

Ethyl 4-(p-A cetamidobenzenesulphonamidobenzenesulphonyl) piperazine-1-carboxylate.—A solu- 
tion of p-acetamidobenzenesulphony] chloride (1-2 g.) in dry pyridine (4 c.c.) was slowly added 
with water-cooling, to a solution of ethyl 4-(p-aminobenzenesulphony]l) piperazine-1-carboxylate 
(1-6 g.) in dry pyridine. After 12 hours the mixture was diluted with water and slightly acidified 
with hydrochloric acid. The pinkish material obtained after prolonged scratching was filtered 

off and washed (yield, 1-2 g.). The product crystallised from alcohol in colourless rhombic 
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plates, m. p. 194° (Found: N, 11-0. C,,H,,0,N,S, requires N, 11-1%), insoluble in water, 
ether, benzene, and dilute acid, moderately easily soluble in alcohol, and soluble in acetone and 
dilute alkali. 
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39. The Action of Nitrosylsulphuric Acid on m-Fluorophenol. 
A New Red o-Quinoneimine. 


By HERBERT H. Hopcson and DonaLp E. NICHOLSON. 


Nitrosylsulphuric acid reacts with m-fluorophenol in glacial acetic acid to give a red 
compound, probably 4 : 2’-difluoro-4'-hydroxy-o-benzoquinone-1-phenylimine, together 
with a very small amount of 3-fluoro-4-nitrosophenol (or 3-fluorobenzoquinone-4-oxime). 


WHEN a glacial acetic acid solution of m-fluorophenol is added to one of sodium nitrite in 
concentrated sulphuric acid, the principal product obtained is not the expected 3-fluoro- 
benzoquinone-4-oxime as in the case of the other three m-halogenophenols (Hodgson and 
Nicholson, J., 1939, 1808), but a red o-quinoneimine of probable structure (I); it is 
contaminated with a minute amount of a green compound which is either 3-fluoro-4- 
nitrosophenol or the isomeric 3-fluorobenzoquinone-4-oxime. This reaction differs from 
that of aqueous nitrous acid on m-fluorophenol (Hodgson and Nicholson, J., 1939, 1405), 
whereby mm/’-difluoro-o-indophenol (II) arises, although in both cases 5-fluoro-2-nitro- 
phenol is formed in small amounts by a simultaneous reaction. 

The following evidence indicates that the new red o-quinoneimine has the structure (I) 
of a 4: 2’-difluoro-4'-hydroxy-o-benzoquinone-1-phenylimine: (1) It has the correct com- 
position and molecular weight, and the red colour excludes structures (III) and (IV), 
since such compounds would be blue (cf. Hodgson and Nicholson, Joc. cit.): all three 
formulz exclude the possibility of oxazone formation. 

(2) It is more readily soluble in aqueous alkali hydroxides and carbonates, which is 
to be expected from the position of the hydroxyl group, and consequently less soluble in 
acetic acid of various strengths, than mm’-difluoro-o-indophenol (IT). 

(3) Both (I) and (II) give condensation products with aniline, that from (I) having 
the higher m. p., and the leuco-compounds of (I) and (II) can be triacetylated, the latter 
product having a m. p. whereas the former does not melt. The products from (I) are less 
soluble in alcohol and glacial acetic acid than those from (II). 

(4) When boiled with an aqueous solution of potassium permanganate and sulphuric 
acid, (I) gives, as would be expected, a pronounced odour, that of a steam-volatile p-benzo-, 


quinone, whereas (II) does not, its product of oxidation being a non-steam-volatile o- 
benzoquinone. , 


Q OH OH F_ 
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(5) When reduced in glacial acetic acid solution with zinc dust, (I) gives a colourles$ 
leuco-compound, which is reoxidised in the air in the presence of hydrochloric acid to 
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re-form (I) (a process accelerated by ferric chloride), whereas (II), undergoing the same 
sequence of reactions, gives the expected blue oxazine (cf. Hodgson and Nicholson, Joc. 
cit.). This reaction is supported by the analogous reactions observed when m-chloro-#- 
nitrosophenol is condensed with either m-fluoro- or m-chloro-phenol in glacial acetic acid 
solution, the respective red products (V) undergoing the above sequence of reactions with 
no intermediate blue oxazine formation. 

The green compound that contaminates the o-quinoneimine (I) and is removable by 
solution in ligroin is either 3-flucro-4-nitrosophenol or 3-fluorobenzoquinone-4-oxime ; the 
amount obtained is too small for macroscopic examination. That the nitroso- (or oximino-) 
group is in the #-position to the hydroxyl (or quinone) group is indicated by the oxidation 
of the compound to 3-fluoro-4-nitrophenol and by the blue colour given when the com- 
pound is heated with dimethylaniline, o-chlorophenol, and o-cresol (cf. Hodgson and 
Nicholson, loc. cit.). 

Mechanism of the Reaction.—From the foregoing data it is tentatively suggested that 
the reaction of nitrosylsulphuric acid with m-fluorophenol takes place in two stages: 
(1) nitrosation in position 4 and, in small degree, nitration in position 6, and (2) rapid 
condensation of the nitroso-compound (or quinoneoxime) with unchanged m-fluorophenol 
to form the red o-quinoneimine (I) (cf. also Schoutissen, Rec. Trav. chim., 1921, 40, 753). 

The other m-halogenophenols only react as far as stage (1), although the traces of 
coloured products obtained are probably due to condensation (2) on a micro-scale. 
Nitrous acid in aqueous solution appears to react with m-fluorophenol exclusively in 
position 6 (Hodgson and Nicholson, Joc. cit.), whereas the more energetic nitrosylsulphuric 
acid is able to attack the phenol normally at position 4 even though this position is 
deactivated by the powerful negative (— J) effect of the neighbouring fluorine atom. 
That the 6-position also is attacked to a slight extent, however, is shown by the concurrent 
formation of 3-fluoro-6-nitrophenol. 


EXPERIMENTAL. 


Action of Nitrosylsulphuric Acid on m-Fluorophenol.—m-Fluorophenol (2 g.), dissolved in 
glacial acetic acid (20 c.c.), was added below 20° to a solution of sodium nitrite (2 g.) in con- 
centrated sulphuric acid (10 c.c.) which had been previously heated to 70°. The mixture was 
kept at 0° for 10 minutes and then poured on ice; the yellow-brown precipitate produced 
became superficially green when dried. The finely powdered product was a mixture of a red 
and a green compound (the red greatly predominating). Extraction with boiling ligroin (b. p. 
80—100°) dissolved the green compound, which separated from the cooling extracts in green 
micro-crystals of 3-fluoro-4-nitrosophenol (or 3-fluorobenzoquinone-4-oxime), m. p. 158° after 
crystallisation from dilute alcohol (Found: N, 9-8. C,H,O,NF requires N, 10-0%). This 
compound gave a vivid Liebermann nitroso-reaction with cold phenol and concentrated sul- 
phuric acid, the sequence of colours being green, blue (intensified on heating), scarlet (on dilution 
with water), and finally blue, becoming permanganate-violet, on addition of aqueous sodium 
hydroxide. The wet m. p. was unchanged at 158°, indicating that the compeund was not 
associated (cf. Baker, J., 1934, 1687). Oxidation with hot aqueous potassium ferricyanide 
.gave 3-fluoro-4-nitrophenol, m. p. and mixed m. p. with an authentic specimen (Hodgson and 
Nixon, J., 1928, 1879) 42° (Found: N, 91. Calc. : N, 8-9%). 

The residue remaining after the ligroin extractions (ca. 1-8 g.) separated from boiling alcohol 
or boiling glacial acetic acid in dark red, microcrystalline plates, which did not melt below 300° 
(Found: C, 61-2; H, 2-9; N, 60; M, cryoscopic in phenol, 239. The presence of fluorine 
was established qualitatively. C,,H,O,NF, requires C, 61:3; H, 3-0; N, 60%; M, 235). 
They were odourless, non-volatile in steam, and very resistant to oxidation by nitric acid, but 
evolved ammonia when boiled with caustic alkali. 

Reductive Acetylation of 4 : 2'-Difluoro-4'-hydroxy-o-benzoquinone-1-phenylimine (I) and of 
mm’-Difluoro-o-indophenol (II).—The substance (0-2 g.) was mixed with fused sodium acetate 
(0-2 g.) and boiled with acetic anhydride (4 c.c.), and a small quantity of zinc dust added; the 
red colour then faded. The solution was filtered from unchanged zinc, mixed with ice, and 
left until it became solid; it was then crystallised several times from aqueous alcohol. N-Acetyl- 
4 : 2'-difluoro-2 : 4'-diacetoxydiphenylamine, obtained from (I), formed very pale yellow micro- 
plates, which had no m. p. (Found: N, 4:0; M, by Rast’s method, 365. C,,H,;,O,;NF, requires 
N, 3:9%; M, 363) and gave a blue-green colour with concentrated sulphuric acid. N-Acetyl- 
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[4 : 4'-difluoro-2 : 2'-diacetoxydiphenylamine, obtained from (II), also crystallised in very pale 
yellow micro-plates, m. p. 175° (Found: N, 40%; M, 363); it gave a violet colour with 
concentrated sulphuric acid. The presence of fluorine was established qualitatively in both 
compounds. 

Condensation of (1) and (II) with Aniline.—The compound (0-2 g.) was heated to boiling with 
aniline (0-5 c.c.) and glacial acetic acid (5 c.c.), and the mixture diluted with water. 4: 2’-Di- 
fluoro-4'-hydroxy-o-benzoquinonebisphenylimine, obtained from (I), crystallised from glacial 
acetic acid in maroon needles, m. p. 200° (Found: N, 8-3. C,,H,,ON,F, requires N, 8-1%), 
and 4: 4’-difluoro-2’-hydroxy-o-benzoquinonebisphenylimine, from (II), crystallised from 80% 
acetic acid in deep red micro-plates, m. p. 175° (depressed by the above isomer) (Found: N, 
82%). The presence of fluorine was established qualitatively in both compounds. 








The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
chemicals. 
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40. -Replacement of the Diazo-growp by Hydrogen. 
By HERBERT H. Hopcson and Ewart MARSDEN. 


A general deamination procedure is described, which is based on the decom- 
position by metals, such as zinc and copper, of suspensions of a stabilised salt of the 
diazotised amine in alcohol and other non-aqueous solvents. Naphthalenedisulphonic 
acids and 2-hydroxynaphthalene-l-sulphonic acid are effective stabilisers for this 
purpose, 






REPLACEMENT of the diazo-group by hydrogen by means of ethyl alcohol (Griess, Phil. 
Trans., 1864, 164, 683) leads to a diversity of products and consequent decrease in the yield 
of the substance required. Other methods proposed from time to time with the object of 
avoiding the preparation of the diazo-compounds in the dry state and the uncertainty of 
the reducing action of alcohol give moderate yields and the optimum conditions have to be 
found by experiment. 

A method is now described which surmounts the former difficulties and uncertainties 
and consists in decomposing a diazotised amine which has been stabilised by a naphthalene- 
disulphonic acid or an acid such as oxy-Tobias acid. The most effective agent for the 
decomposition is zinc dust, reacting with the dry stabilised salt suspended in alcohol. 
Precipitated copper powder can be used where zinc dust might react simultaneously with 
other groups, ¢.g., the nitro-group. Metals such as aluminium and magnesium do not in 
general exceed zinc and copper in efficiency, and sodium formate gives a somewhat inferior 
yield. 

Saunders (‘‘ The Aromatic Diazo-compounds and their Technical Applications,” p. 146) 
states that, when finely divided metals are used in conjunction with alcohols, it is the 
latter which appear to be activated in some way, the metals themselves not reacting 
directly on the diazo-compound. It is now found that the reaction with the stabilised 
compounds proceeds in methyl and ethyl alcohol, acetone, ether, nitrobenzene, benzene, 
chloroform, and carbon tetrachloride; it is sluggish in the last three solvents, which must 
be used at their boiling points for efficient decomposition. The yields in all the cases 
investigated (see below) are high and with zinc or copper and ethyl alcohol approach 100%. 

The decomposition appears to be a simple exchange of hydrogen from one of the 
sulphonic acid groups via the agency, catalytic or otherwise, of the metal, since no aldehyde 
could be detected when alcohol was used. The action of ethyl alcohol alone on the 
stabilised salts of diazotised a-naphthylamine was to produce partly naphthalene, acet- 
aldehyde, and a tar in which the presence of a-ethoxynaphthalene was established. 

The following amines have been deaminated via their stabilised salts with naphthalene- 
1: 5-disulphonic acid and with oxy-Tobias acid: aniline; 0-, m-, and p-toluidine; 0-, m-, 
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and p-anisidine; o-, m-, and p-nitroaniline; m-phenylene- and m-tolylene-diamine; p- 
aminophenol; benzidine; «- and §-naphthylamines; and a large number of nitronaphthy]l- 
amines and nitroaminodinaphthyls, for which the work was originally undertaken. In 
most cases the stabilised diazo-salts required slight variations in technique for their 
preparation in optimum yield, but in every case their deamination has been accomplished 
with maximum efficiency. The method is thus considered to be of general application. 


EXPERIMENTAL. 


Preparation of Stabilised Diazonium Salis.—(a) From naphthalene-1 : 5-disulphonic acid. 
The amine (0-1 g.-mol.) is diazotised in hydrochloric or sulphuric acid by customary processes, 
the total volume being kept at the minimum, and the solution (filtered if necessary) is stirred 
into a paste of naphthalene-1 : 5-disulphonic acid (0-1 g.-mol.) and water (60c.c.). The stabil- 
ised diazonium salt, which is usually precipitated within 30 minutes, is filtered off (the filtrate 
is treated with sodium chloride for augmentation of the yield) and dried at 30—40°. The 
yield usually exceeds 90%. 

(b) From oxy-Tobias acid (2-naphthol-1-sulphonic acid). The solution of the diazotised amine 
(0-1 g.-mol.) is treated with sodium acetate for removal of mineral acid and stirred into a paste of 
oxy-Tobias acid (0-1 g.-mol.) and water (60 c.c.). Sodium chloride is added to complete the 
precipitation of the stabilised diazonium compound, which is filtered off and dried at 30—40°. 
The products are often coloured by a small quantity of dye, but even when somewhat tarry 
they can be used in the deamination process. 

Decomposition of the Stabilised Diazonium Salis.—(1) By zinc dust and ethyl alcohol. The dry 
salt (20 g.), suspended in ethyl alcohol (80 c.c.), is treated gradually at room temperature with 
zinc dust until the initial vigorous evolution of nitrogen subsides (ca. 30 g. necessary). The 
deaminated products are isolated and weighed. The yields in all cases are almost theoretical. 

(2) By zinc dust and acetone. The procedure is as that described in (1); the yields are 
ca. 5% lower. 

(3) By copper powder and ethyl alcohol. The copper powder is precipitated from copper 
sulphate solution by zinc dust. It is more sluggish in its action than zinc dust and in some cases 
a temperature of 30—35° is necessary before the evolution of nitrogen commences. 


The authors thank the Department of Scientific and Industrial Research for a grant which 
enabled one of them (E. M.) to take part in this research, and Imperial Chemical Industries Ltd. 
(Dyestuffs Group) for various gifts. 
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41. Studies in the Diphenyl Series. Part V. The Preparation of 
Asymmetrical Diaryl Derivatives. 


By HERBERT H. Hopcson and Ewart MARSDEN. 


Diazonium salts stabilised by naphthalene-l-sulphonic acid, naphthalene-] : 5- 
disulphonic acid, or zinc chloride have been decomposed in hydrocarbon and nitro- 
benzene suspensions in a manner analogous to the existing procedures for sodium 
benzenediazotate and nitrosoacetanilide. The greater reactivity of nitrobenzene, 
compared with benzene, with respect to sodium benzenediazotate as found by Grieve 
and Hey (J., 1934, 1797) has been confirmed for the stabilised diazonium salts. De- 
compositions of the stabilised salts by fused sodium acetate in conjunction with acetic 
anhydride or glacial acetic acid have afforded yields of diaryls amounting in some 
cases to. 70%. The last-named processes appear to be far superior to the alkaline 
decomposition of diazotates. 


OF the various methods studied in recent years for the preparation of asymmetrical diaryls 
from diazo-compounds, the reactions of hydrocarbons and derivatives with alkali diazo- 
tates (Gomberg and co-workers, J]. Amer. Chem. Soc., 1924, 46, 2339; 1926, 48, 1372) 
and with nitrosoacetanilide and analogous compounds (see Grieve and Hey, J., 1934, 
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1797 et seq., for their own work and for a bibliography of the subject) appeared to offer 
a basis for variations in procedure which would afford serviceable yields. 

The decomposition of stabilised diazonium salts with hydrocarbons and certain benzene 
and naphthalene derivatives is now described. Three types of stabilised diazonium salt 
were used, viz.; with naphthalene-l-sulphonic and -1 : 5-disulphonic acid and with zinc 
chloride, and their reactions were studied in benzene, toluene, naphthalene, nitrobenzene 
and acetic acid. The agents used for promoting reactivity were solid sodium and 
potassium hydroxides, anhydrous sodium carbonate, alcoholic potassium hydroxide, 
glacial acetic acid, acetic anhydride, and the last two each with fused sodium acetate. 

The dry, finely powdered, stabilised salt was mixed with the dry medium at 0—5° and 
slowly treated with the reagent for promoting the reaction. In the case of alcoholic 
potassium hydroxide the rate of decomposition was usually rapid and evolution of nitrogen 
was complete in 3—4 hours, but with acetic acid and its variants the temperature was 
18—40° and the minimum period for completion of the major part of the reaction was 24 
hours. In all cases the mixture was heated finally at suitable temperatures, usually on the 
boiling water-bath, to complete the reaction. The diaryl derivative was then extracted 
by a suitable procedure and by steam-distillation where practicable. 

The yields were variable: (1) In benzene suspensions, solid sodium and potassium 
hydroxides gave only moderate results and better success was obtained with alcoholic 
potassium hydroxide. (2) Anhydrous sodium carbonate is a much better decomposition 
reagent than caustic alkali. (3) Decompositions in toluene were practically unsuccessful, 
whereas with nitrobenzene excellent yields were always obtained (Grieve and Hey, Joc. 
cit., found that the reaction of sodium benzenediazotate with an equimolecular mixture 
of toluene and nitrobenzene, both in excess, gave about four times as much nitrodiphenyl 
as of methyldiphenyl). Nitrobenzene is also much more reactive than benzene, and experi- 
ments with naphthalene were unsuccessful. (4) Grieve and Hey’s generalisation (loc. cit.) 
that a phenyl group invariably enters an aromatic nucleus C,H;R in the para- and/or ortho- 
position with respect to R has been confirmed and extended to nitrophenyl groups, and 
in no case has a symmetrical diaryl been found in a reaction unless the stabilised salt 
was suspended in the appropriate medium for the purpose; ¢.g., p-nitrobenzenediazonium 
salt with nitrobenzene. (5) Yields up to 70% were obtained when acetic anhydride 
or glacial acetic acid was used in conjunction with fused sodium acetate. This again is 
in accord with the superior decomposition of nitrosoacetanilide with benzene compared 
with the corresponding decomposition of sodium. benzenediazotate (Grieve and Hey, 
loc. ctt.). (6) Reactions in molten l-nitronaphthalene gave poor yields of products 
containing azo-compound. (7) Some chloro-derivative was always obtained from the 
decompositions of diazonium salts stabilised with zinc chloride. 


EXPERIMENTAL. 


Preparation of the Siabilised Diazonium Salts——The amine (0-1 g.-mol.) was diazotised at 
0° in a mixture of hydrochloric acid (24 c.c., d 1-16) and water (150 c.c.) and treated with 
finely powdered naphthalene-1l-sulphonic acid (0-1 g.-mol.), naphthalene-1 : 5-disulphonic acid 
(0-2 g.-mol.), or anhydrous zinc chloride (0-1 g.-mol.). Some stabilised diazonium salt separated 
immediately, but the mixture was stirred for about 1 hour to complete the precipitation. 
Aniline and a- and $-naphthylamines did not give serviceable naphthalenediazonium mono- 
sulphonates, since they separated as uncrystallisable oils. 

Decompositions of the Stabilised Diazonium Salts.——(a) From diazotised aniline and naph- 
thalene-1 : 5-disulphonic acid in benzene suspension. The dry salt (10 g.), well agitated with 
benzene (30 g.), was treated slowly at room temperature with the decomposing reagent (3 g.) ; 


after 48 hours, the mixture was heated at 80° until nitrogen ceased to be evolved. The 
results were as follows : 


Yield of diphenyl, 
Decomposing reagent. x %. Remarks. 


Solid sodium hydroxide ° 10-2 Grieve and Hey obtained a 19% yield 
Solid ium hydroxide ............... . 10-2 from sodium benzenediazotate by 
Anhydrous potassium carbonate , 76 Gomberg’s method. 





210 Part .V. 


(b) From diazotised aniline stabilised with zinc chloride in benzene solution. Method as for 
(a), with 10 g. of stabilised salt and reaction period of 24 hours : 
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Yield of diphenyl, 
Decomposition reagent. , %. 


Ethyl-alcoholic potassium aired ve ¢ c.c. of mitdoe rere 
- Solid sodium hydroxide (3 g.) .. 
Anhydrous sodium carbonate (3 g.) 4 
Acetic anhydride (1 g.) and fused sodium acetate (3 g.) des chatdenescetanen deen 
Glacial acetic acid (1 g.) and fused sodium acetate (3 g.) . sainadioenoote ait 


Acetic acid, acetic anhydride, and fused sodium acetate when used alone gave results very 
inferior to those afforded by the combination of either of the first two with the last. 

(c) From diazotised a-naphthylamine and naphthalene-1 : 5-disulphonic acid in a mixture of glacial 
acetic acid and anhydrous sodium acetate. The stabilised salt (10 g.) was thoroughly mixed at room 
temperature with a solution of naphthalene (3 g.) in glacial acetic acid (30 g.) and anhydrous 
sodium acetate (3 g.), kept for 20 hours, and then heated for 1 hour at 80° until bubbles 
of nitrogen ceased to appear. The mixture was diluted with water and steam-distilled ; 
naphthalene (3-3 g.) and a-naphthol (1-1 g.) were obtained, but no dinaphthyl could be detected. 

(d) With anhydrous sodium carbonate as decomposition reagent. ‘The stabilised diazonium 
salt (10 g.) was suspended (a) in benzene (30 g.), (b) in nitrobenzene (30 g.), and decomposed 
with anhydrous sodium carbonate (3 g.). After 24 hours the mixture was heated at 80° to 


complete the reaction. 


Amine. 
Aniline 


o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 
a-Naphthylamine 
p-Naphthylamine 


Stabiliser. 
Naphthalene-1 : 5- 
isulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1 : 5- 
isulphonic acid 
Naphthalene-1 : 5- 
isulphonic acid 


Products. 





Yield, 


(a). 8. 
Diphenyl 0-7 


2-Nitro- 1-95 
diphenyl 

3-Nitro- 3-02 
diphenyl 

4-Nitro- 3°24 
diphenyl 

Phenyl-a- 0-7 
naphthyl 

No result. 


%. 
17-0 


35-2 


54-4 
58-2 


15-2 


(e) With fused sodium acetate (3 g.) and glacial acetic acid (1 g.): 


, Amine. 
Aniline 


o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 
a-Naphthylamine 
a-Naphthylamine 
B-Naphthylamine 


Stabiliser. 
Naphthalene-1 : 5- 
isulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1 : 5- 
isulphonic acid 
Naphthalene-1 : 5- 
isulphonic acid 
es 5- 
ulphonic acid 


Reactant. 
Nitrobenzene (30 g.) 


Nitrobenzene (30 g.) 
Nitrobenzene (30 g.) 
Nitrobenzene (30 g-) 
Nitrobenzene (30 g.) 
Benzene (30 g.) 


Benzene or nitro- 
benzene 


Product. 
4-Nitrodipheny] 


2 : 4’-Dinitrodiphenyl 
3 : 4’-Dinitrodiphenyl 
4: 4’-Dinitrodiphenyl 
1-Nitro-4-phenyl- 
naphthalene 
Phenyl-a-naphthyl 


Mixtures con’ 
azo-compounds 


(f) With fused sodium acetate (4 g.) and acetic anhydride (1 c.c.) : 


Amine. 
Aniline 


m-Nitroaniline ~ 
m-Nitroaniline 
p-Nitroaniline 
a-Naphthylamine 
a-Naphthylamine 
B-Naphthylamine 


Stabiliser. 
Naphthalene-1 : 5- 
isulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
Naphthalene-1- 
sulphonic acid 
wagon 5- 
ulphonic acid 


isulphonic acid 


Reactant. 
Benzene (30 g.) 


Benzene 
Nitrobenzene (30 g.) 
Benzene 


Benzene 


Nitrobenzene } 


Benzene 


Product. 
Diphenyl 


3-Nitrodiphenyl 

3 : 4’-Dinitrodiphenyl 
4-Nitrodiphenyl 
Phenyl-a-naphthyl 


Mixtures containing 
azo-compounds 
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(g) From diazotised amines stabilised with zinc chloride in benzene suspension with fused 
sodium acetate (5 g.) and glacial acetic acid (1g.). Salt taken, 10 g.; benzene, 30 g. 


Yield, 
Amine. Product. g %. 
Aniline Diphenyl 1-6 17-6 
p-Nitroaniline peor ohenyl 3-4 37-2 
p-Chloroaniline iphenyl 3-1 34-2 
p-Anisidine <Methoxjdigheny! 2-3 26-5 


Chlorobenzene (0-7 g.) and p-chloronitrobenzene (0-8 g.) .were respectively obtained in the 
experiments above from aniline and p-nitroaniline. 
(h) From diazotised p-nitroaniline and three stabilisers in benzene suspension. 10 G. of salt, 
30 g. of benzene, (a) 15 c.c. of 30% ethyl-alcoholic potassium hydroxide, (b) fused sodium 
acetate (3 g.) and acetic anhydride (1 g.) : 
Decomposition Yield of 4-nitrodiphenyl, 


Stabiliser. reagent. g. %. 
Naphthalene-1l-sulphonic acid . psbb cagoos et 1-4 25-1 
Naphthalene-1l-sulphonic acid . Eipusbaay (b 2-8 50-4 
Naphthalene-1 : 5-disulphonic acid ees (a) 18 39-6 
Naphthalene-1 : een BOI). cnocreeee (b) 3-2 70-2 
Zinc chloride .............+. ben pocate tes a 1-5 16-4 
PE Rare ven 2-4 26-3 


(i) Diazotised aniline, stabilised with zinc chloride or naphthalene-1 : 5-disulphonic acid 
(10 g. of each salt taken) and decomposed in toluene (30 g.) suspension with fused sodium 
acetate (3 g.) and acetic anhydride (1 g.), gave no diaryl, but with anhydrous sodium carbonate 
(4 g.) 4-methyldiphenyl (0-12 g.) was obtained. 

The following compounds are new: 3: 4'-Dinitrodiphenyl, crystallises from 80% acetic acid 
in pale yellow needles, m. p. 137° (Found: N, 11-6. C,,H,O,N, requires N, 11-5%). 1-Nitro- 
4-phenylnaphthalene, crystallises from 80% acetic acid in yellow clusters, m. p. 151° (Found : 
N, 58. C,,H,O,N, requires N, 5-6%). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of chemicals, 


and the Department of Scientific and Industrial Research for a grant made to one of them 
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42. Studies in Water-in-Oil Emulsions. Part III. The Effect of the 
Relative Phase Volumes on the Type of Emulsions stabilised by Mag- 
nesiwm Oleate. 

By RICHARD CHARLES PINK. 


The effect of the relative phase volumes on the type of emulsions stabilised by 
magnesium oleate has been investigated. The type of emulsion produced depends 
to a certain extent on its method of preparation, but with a suitable method and with 
a sufficient concentration of soap, emulsions containing 90% of water dispersed in 
benzene can readily be obtained. A number of the water-continuous emulsions 
underwent a reversal of type on standing. 


NEwmAN (J. Physical Chem., 1914, 18, 34), studying the emulsifying powers of magnesium 
oleate, found that more than 80% of water (by vol.) could be emulsified in a “‘ concentrated ” 
solution of the soap; with a mixture of magnesium and sodium oleates an emulsion of water 
in benzene, containing 96% of water, could be prepared. Similar results were obtained by 
Briggs and Schmidt (ibid., 1915, 19, 478). Wellman and Tartar (ibid., 1930, 34, 371), 

however, state that, when benzene solutions of magnesium oleate were shaken with water, 

emulsions containing more than 50% of water by volume usually had water as the 
continuous phase. When equal volumes of the soap solution and water were used, the type 
of the resulting emulsion depended on the method of shaking employed. Gentle or moderate 
shaking invariably produced emulsions of the water-in-oil type, whereas violent shaking 
produced emulsions in which water was the continuous phase. Wellman and Tartar were 
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unable to extend the scope of these investigations. In an attempt to explain this dis- 
crepancy in the above results, a detailed investigation of the effect of the ratio of the phase 
volumes on the type of the resulting emulsions has been carried out over a wide range of 
soap concentration. 


EXPERIMENTAL. 


The magnesium oleate was prepared by the method already described (J., 1938, 1252). The 
emulsions were prepared in test-tubes stoppered with good-quality corks, which were carefully 
freed from grease and washed before use. The electrical conductivity method (Clayton, Brit. 
Assoc. Colloid Reports, 1918, 2, 114) was adopted for the determination of the type of the 
emulsions, an apparatus similar to that described by Parke (J., 1934, 1112) being used. 

In Series I the emulsions were prepared as follows. The benzene and a sufficient volume of 
a 20% soap solution were run into the test-tubes and thoroughly mixed; the water was then 
added from a burette, and the tubes were given 100 shakes by hand, according to Cheesman and 
King’s method (Trans. Faraday Soc., 1938, 34, 594) for the production of water-in-oil emulsions. 
The soap concentration varied from 0-25 to 2-0 g./100 c.c. of emulsion, Immediately after 
preparation, the emulsions were examined and their type determined. All the emulsions 
with more than 50% of water were water-continuous. After standing for 24 hours in the thermo- 
stat at 20°, they were re-shaken and their type re-determined. In a number of the emulsions 
with higher concentrations of soap a reversal of type had taken place; of the emulsions with 
2 g. of soap/100 c.c. of emulsion, only those with more than 70% of water were water-continuous. 

/ It is believed that this reversal of type with magnesium oleate emulsions on standing has not 
previously been observed. The emulsions were stored in the thermostat for a further period of 
a week and again shaken and examined. No further changes of type had occurred, but all the 
emulsions were much less stable. This decrease in stability may be due to the fact that, on 
standing, the precipitated soap (see Pink, J., 1938, 1252) becomes hard and brittle and hence 
much less suitable as a stabilising film. For instance, freshly prepared hydrated magnesium 
oleate, suspended in benzene, gives stable water-in-oil emulsions, whereas several days after 
preparation when the soap has become granular it will give only very unstable emulsions under 
the same conditions. 

In Series I all the water was added to the oil at once. It is well known that a more 
satisfactory method of making emulsions is to add the liquid which is to become the disperse 
phase in small amounts accompanied by shaking after each addition. This principle was 
adopted in Series II. The soap concentrations and the final phase-ratios were the same as in 
Series I, but the water was added to the soap solution 1 c.c. at a time. After each addition 
the emulsions received 10 shakes by hand and were then allowed to stand for one minute. All 
the emulsions in Series II were oil-continuous. On standing for 24 hours the emulsions with 
90% of water containing 0-25 and 0-50 g. of soap/100 c.c. of emulsion broke completely and 
could not be re-emulsified on shaking. With these exceptions all the emulsions were very much 
more stable than those in Series I, but the same decrease in stability was observed on standing 
for a week. 

The reversal of type observed in Series I is readily explained on the basis of the theory 
outlined in previous papers (Pink, Joc. cit.; J., 1939, 619). It will be true of any emulsion that, 
once a particular phase is established as the continuous one, there will be a strong tendency 
for it to remain in that condition, notwithstanding the fact that it might be more stable when 
reversed. In the case of these particular systems there are two factors producing emulsific- 
ation: (1) the reduced interfacial tension between water and benzene produced by the soap, 
and (2) the film of hydrated soap precipitated at the interface. At the moment of mixing only 
the first factor is operative, but as the precipitation of the soap proceeds, the second factor 
becomes of greater importance and is eventually sufficient to overcome the tendency of the 
water-continuous emulsions to remain in that condition. This effect is more marked in Series 
II, for the water is added slowly and sufficient time is therefore given for a more complete 
precipitation of the soap. 


I am indebted to Prof. A. W. Stewart and to Dr. H. Graham for their continued advice and 
encouragement. 
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43. Free Radicals and Radical Stability. Part VII. The Influence of 
the Phenoxyl Group on the Stability of Ketylic Derivatives. The 
Preparation of Carbon Monoxide from Carbonates. 


By SypNEY T. BowpEN and TupoR JOHN. 














Carbon monoxide is evolved when phenyl carbonate is treated with metallic 
sodium. The only other product is sodium phenoxide, and the over-all reaction may 
be represented as Ph,CO, + 2Na = 2PhONa+ CO. The gas is 100% pure, and 
since it is formed in a system containing free sodium, it does not explode when sparked 
with dry oxygen. The reaction thus furnishes a convenient and rapid method of 
preparing carbon monoxide ina sufficiently dry condition for demonstrating the cata- 
lytic effect of moisture on combustion. 

The mechanism of the reaction under the specified conditions is briefly discussed. 
The absence of colour in the reaction mixture, and the fact that a similar reaction 
occurs with aliphatic derivatives such as ethyl carbonate, would seem to point to 
simple scission of the carbonate. If, however, the reaction actually involves the ketyl 
mechanism, as found in the case of other esters, then the ketyl system formed from 
the carbonate must either be colourless or suffer rapid transformation into a colourless 
intermediate which subsequently eliminates sodium alkoxide or aryloxide. 

The formation of sodium triphenylmethoxide through the condensation of ethyl 
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; carbonate and chlorobenzene in the presence of sodium is readily explained on the basis 
of the ketyl mechanism. 
n THE influence of the phenoxyl group on the unimolecular stability of free radicals has 
e been studied by Wieland (Ber., 1911, 44, 2550), who found that the dissociation of tetra- 
. phenyldiphenoxyethane into diphenylphenoxymethyl occurs to a much smaller extent 
. than that of hexaphenylethane into triphenylmethyl. The inhibitory influence of the 
2 phenoxyl group in this connexion reveals that the capacity of a phenyl group for stabil- 
r ising the electronic state of the methyl carbon atom is greatly diminished by the inter- 
position of an oxygen atom. In view of recent work on free radicals of the ketyl type 
we (Bachmann, J. Amer. Chem. Soc., 1933, 55, 1179; Doescher and Wheland, ibid., 1934, 
in 56, 2011; Sugden, J., 1936, 440), the influence of the phenoxy] group on the unimolecular 
on stability of these radicals is of considerable interest. We have, however, no direct inform- 
sll ation on this point, for, as Blicke (J. Amer. Chem. Soc., 1924, 46, 2561) has shown, the 
th associated derivatives of the type [CPh(OPh)(ONa)], are unstable and spontaneously 
nd eliminate sodium phenoxide. It was found, however, that an ethereal solution of phenyl 
ch benzoate reacts with sodium to produce a deep red solution before precipitation of the 
ng ger occurs. The intense colour was attributed to the presence of the ketyl 
- X<D=c10Na) (OPh) produced through quinoidation of the phenyl group. For the 
a purpose of obtaining further information with regard to the réle of the phenoxyl group 
1en and avoiding at the same time direct quinoidation effects, we have now examined the 
fic- action of sodium on dipolar carbonates of the general formula CO(OR),. 
ap, When metallic sodium is added to a xylene solution of phenyl carbonate, a slow evolu- 
nly tion of carbon monoxide sets in even at room temperature ; when the solution is warmed, 
tor the reaction proceeds briskly and sodium phenoxide is deposited as a semi-gelatinous 
the precipitate. If the reaction is carried out with one atomic equiv. of sodium, roughly half 
T1es of the carbonate is decomposed, but with two atomic equivs., most of the metal disappears 
lete and the decomposition of the carbonate is practically complete. Owing to the hetero- 
geneous nature of the system the speed of the reaction is greatly influenced by agitation, 
and and stirring at 110° affords nearly 80% of the theoretical amount of carbon monoxide 
in the course of an hour. Inasmuch as the réaction proceeds smoothly and the gas is 
obtained in a high state of purity, the method is well suited for the laboratory prepar- 
m ation of carbon monoxide. Thus prepared, the gas is so dry that it does not explode 








on sparking with dry oxygen, and may therefore be used directly for demonstrating the 
catalytic influence of moisture on the combustion of carbon monoxide. 

















214 Bowden and John: 


The decomposition of the carbonate may involve simple scission of the type observed 
by Schorigin (Ber., 1926, 59, 2510) in the case of ethers : CO(OPh), + 2Na = NaOPh + 
Ph-CO,Na —-> NaOPh + CO, and it is significant in this connexion that the solution 
remains colourless throughout except for the production of a slight yellow colour towards 
the end of the reaction. However, the carbonic ester (I) contains a carbonyl group, and 
the reaction with alkali metal may thus be expected to occur in analogous manner to 
that found for the esters of monobasic organic acids. On these premises the initial reaction 
involves the formation of the ketyl (II), which suffers partial dimerisation (Bachmann, 
loc. cit.) to (III). The latter, however, is thermally unstable (Blicke, loc. cit.) and eliminates 


Ph PhO PhO Ph 
Pho>C=0 —> pho>C<ona — Pho —f<ork 
(I.) (II.) — en 


av.) PhO—¢-—(C—OPh 
y O O 
, WL) Pho>C<ONa 
(V.) entity vam toate 
Na ONa 





Y 
CO (vI.) O=C=C=0 —> 2C0 


two molecules of sodium phenoxide to produce the compound (IV), which reacts in turn 
with sodium to form the disodium derivative (V). The further elimination of sodium 
phenoxide leads to the formation of dicarbon dioxide (VI), which is unstable under these 
conditions and breaks down into carbon monoxide. Jones and Tasker (J., 1909, 95, 
1904) tried to prepare the oxide C,O, by the interaction of sodium phenyl mercaptide and 
oxalyl chloride, but failed. A further attempt to prepare the gas by the action of oxalyl 
chloride on nickel carbonyl gave only carbon monoxide. 

Since the reaction of sodium with phenyl carbonate involves two atoms of the metal, 
it is possible that the disodium derivative (VII) is also formed and that it decomposes 
directly into sodium phenoxide and carbon monoxide. One of the chief characteristics 
of the simple ketyls is found in the intense colours produced in ethereal solution, and 
the absence of colour in the system under study would seem to indicate that the reaction 
does not proceed through the ketyl mechanism. However, it has been shown by Wooster 
and Dean (J. Amer. Chem. Soc., 1935, 57, 112) that the reactions and electrolytic properties 
of metal ketyls are consistent with the equilibrium CR,Na‘O- = -CR,°ONa, and it is 
evident that such an equilibrium will largely depend on the nature of the solvent. Phenyl 
benzoate, for example, is immediately attacked by sodium when dissolved in ether but 
not in benzene. This, together with the fact that the quinoidation effects responsible 
for the production of colour may be largely repressed in non-polar solvents, leads us to 
conclude that the ketyl system may be colourless under certain conditions, Accordingly, 
the absence of colour cannot be taken as proof that the reaction does not proceed through 
the ketyl mechanism. Apart from the influence of the solvent, the nature of the group R 
will determine the electronic condition of the carbon atom, and it appears, therefore, 
that the ketyl produced from phenyl carbonate must either be colourless or suffer immediate 
transformation into a colourless derivative which subsequently eliminates sodium phen- 
oxide. It may be noted that Blicke (Joc. cit.) has found that ethyl trimethylacetate in 
ethereal solution reacts with sodium to form colourless products, although coloured ketyls 
of the aliphatic series have been described by Favorsky and Nazorov (Bull, Soc, chim., 
1934, 1, 46). We find that sodium reacts with ethyl carbonate with evolution of carbon 
monoxide, and that the solution is practically colourless throughout the reaction. 
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The condensation of ethyl carbonate with chlorobenzene in the presence of metallic 
sodium has been examined by Morton and Stevens (J. Amer. Chem. Soc., 1931, 53, 4030), 
who found that sodium triphenylmethoxide is the chief product. On the basis of the 
ketyl mechanism adumbrated above, the formation of triphenylcarbinol may be explained 
in accordance with the following scheme : 


EtO EtO . Et Na EtO. . Ph 
Eto-©9 *, Fo>“<ona —*> Et ONa ——> EtO>-0Na 
2N PhC 
oe , wig><one BOK OMe 
Ps eg 
ae PE>c<Ons B= PE e<ona 


In support of this hypothesis, it is significant that Frey (Ber., 1895, 28, 2520) and Morton 
and Stevens (loc. cat.) have shown that benzophenone, chlorobenzene, and sodium react 
in ethereal solution to produce sodium triphenylmethoxide in almost quantitative yield. 


EXPERIMENTAL. 


Action of Sodium on Phenyl Carbonate.—Phenyl carbonate was prepared by the action of 
carbonyl chloride on sodium phenoxide (Hentschel, J. pr. Chem., 1883, 27, 41) and was purified 
by recrystallisation from alcohol and finally from dry ligroin with adequate precautions against 
the intrusion of moisture. 

(a) Phenyl carbonate (1 g.) was dissolved in sodium-dried xylene (10 c.c.) in a small flask 
provided with a side tube (for the admission of dry nitrogen) and a reflux condenser fitted with 
a guard-tube containing anhydrous calcium chloride and soda-lime. On the addition of shav- 
ings of metallic sodium (0-12 g., 1 atom), a slow evolution of gas set in after a few minutes. 
The reaction was accelerated by warming the mixture, and a white semi-gelatinous solid was 
soon deposited from solution. After the solution had been boiled until the metal had dis- 
appeared, it was allowed to cool and was then filtered through a sintered-glass filter under 
dry nitrogen. The solid was triturated with light petroleum and dried over sulphuric acid 
and silica-gel (Found: Na, 19-87. Calc. for C,H,-ONa: Na, 19-83%). The identity of the 
substance was further established by the formation of tribromophenol on treatment with 
bromine, and by its reconversion into phenyl carbonate by the action of carbonyl chloride. 

The original filtrate was evaporated in a desiccator containing silica gel, and the white 
residue thus obtained did not appreciably lower the m. p. of an authentic specimen of phenyl 
carbonate. The amount of carbonate thus recovered was 0-4 g. 

(b) In a similar experiment using 2 atom-equivs. of sodium, prolonged boiling of the mixture 
led to the formation of the same products and almost complete disappearance of the metal. 
The final solution, however, was pale yellow after this treatment, and only a trace of phenyl 
carbonate was recovered. 

(c) The experimental arrangement was modified so that the evolved gas was collected 
over mercury in an explosion burette. By exploding the mixture of the gas and moist air, 
it was shown to be pure carbon monoxide (100%). Although the gas burned in the ordinary 
air with a blue, lambent flame, it is noteworthy that on several occasions we were unable to 
explode a mixture of the gas with oxygen which had been dried simply by passage through 
concentrated sulphuric acid. 

(2) The following preliminary experiments were carried out in order to obtain information 
concerning the rate of the reaction. The reaction vessel consisted of a Pyrex test-tube (2-5 cm. 
in diameter) which was closed with a rubber stopper carrying a mercury-sealed glass stirrer, 


Evolution of carbon monoxide. 


Experiment I. 
Time (mins.) ......... 2 5 10 20 30 40 60 100 150 210 
Volume (c.c.)  ...... 35 72 114 186 224 26:2 31:8 409 49:9 60-7 
Experiment IT. 
Time (mins.) ........ 2 3 + 8 12 16 20 30 40 50 60 
Volume (c.c. )— saninos a 0 233 29-8 33-8 43:3 49-1 63:9 5746 655 682 73-2 75:3 


Volume evolved for complete reaction = 104-6 c.c. 
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while a side tube communicated (via a short water-cooled reflux condenser) with a gas burette 
filled with mercury. The vessel containing a solution of phenyl carbonate (1 g.) in xylene 
(15 c.c.) was placed in a thermostat at 110°, and metallic sodium (0-215 g., 2 atoms), supported 
in a glass basket within the apparatus, was precipitated into the solution. The gas evolved 
was collected in the gas burette and the volume measured at definite intervals. In the first 
experiment the mixture was not stirred mechanically, but in the second experiment stirring 
was effected by two vertical glass rods fused to a spindle which was rotated at 180 r.p.m. by 
means of a motor. 

The table shows that the speed of the reaction is greatly affected by stirring the mixture, 
and it is evident that the process not only facilitates diffusion at the reaction interface, but 
also serves to break up the molten metal into globules which offer a fresh reaction surface. 
The latter effect is partly responsible for the fact that the rate of evolution of the gas does 
not conform very closely with any of the simple kinetic equations. 

For the ordinary laboratory preparation of the gas it is advisable to employ excess of 
sodium and finally to boil the solution in order to avoid the use of stirring apparatus. A 
solution of phenyl carbonate (15 g.) in 150—200 c.c. of xylene is placed in a round-bottomed 
flask provided with a short reflux condenser connected directly to the gas-collecting unit. 
Excess sodium (about 4 g.) is added, and the mixture is gradually heated on an electric heater 
or sand-bath. The evolution of gas may be controlled by regulating the rate of heating, and 
it is advisable to heat very slowly as the m. p. of the metal is approached. . The reaction pro- 
ceeds briskly when the metal is in the molten condition, but may, if necessary, be further accel- 
erated by raising the temperature to the b. p. of the solution. . With the above quantities, 1 1. 
of pure carbon monoxide may be collected in less than an hour. 

Action of Sodium on Ethyl Carbonate.—A solution of freshly distilled ethyl carbonate (1 g.) 
in xylene was heated with metallic sodium (0-39 g., 2 atoms) in the apparatus described above. 
Carbon- monoxide was evolved, and sodium ethoxide was deposited as a brownish gelatinous 
solid. After the solution had been kept at 110° for 2 hours, most of the metal had disappeared 
and the volume of carbon monoxide evolved was practically quantitative. The. action of 
sodium on this aliphatic derivative is therefore essentially similar to that found in the case of 
phenyl carbonate. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, October 25th, 1939.) 





44. The Racemisation of Carboxylic Esters by Sodiwm Ethoxide and 
its Bearing on Claisen’s Condensation. 


By J. Kenyon and D. P. Youn. 


Esters of optically active disubstituted acetic acids readily racemise in presence of 
sodium ethoxide; this is considered to afford strong support for the view that ionised 
sodio-derivatives of the esters are formed under these conditions as has been sug- 
gested in several postulated mechanisms for Claisen’s condensation. 


THE various mechanisms which have been proposed for the condensation of esters by 
means of sodium ethoxide (Claisen’s condensation) postulate the initial formation of a 
sodium derivative of the ester. The earliest (Claisen, Ber., 1887, 20, 646) postulates the 
addition compound CH,R-C(ONa)(OEt),, but later ones (e.g., Nef, Annalen, 1897, 298, 


218) involve a sodio-derivative of the ester of the type [CHR-CO,Et]Na, which is believed 
by some investigators to react in the form CHR°C(ONa)(OEt) (cf. Michael, Ber., 1900, 33, 
3731) or in a mesomeric modification thereof (Hauser, J]. Amer. Chem. Soc., 1938, 60, 
1957; Arndt and Eistert, Ber., 1936, 69, 2381). 

The use of esters of optically active disubstituted acetic acids should afford additional 
means of deciding which of these two views more closely represents the structure of the 
sodio-derivative of the ester, for Claisen’s addition compound on decomposition should 
yield the original ester with unchanged rotatory power, whereas the sodio-derivative 
postulated by the alternative views should yield the original ester in its racemised form. 
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Accordingly, we have examined the action of potassium methoxide and sodium ethoxide 
on the esters of three optically active disubstituted acetic acids; the results are in the 
table. The action of metallic potassium on one of these esters was also investigated ; 
as might be anticipated from the results of Scheibler and Voss (Ber., 1920, 58, 388), the 
recovered ester was completely racemised. 


Racemisation undergone by esters in presence of alkali alkoxide at room temperature. 
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The tabulated results show that these esters undergo racemisation very readily when 
mixed with a molecular proportion of sodium ethoxide in concentrated alcoholic solution, 
the most marked example being methyl phenylmethylacetate, which might be expected 
to show a greater tendency towards proton release than the two purely aliphatic esters. 

There is a considerable body of evidence (contributed largely by McKenzie and his 
co-workers) showing that extensive and often complete racemisation occurs during the 
alkaline hydrolysis of «-substituted carboxylic esters, and it appears that racemisation of 
the ester precedes its saponification. This conclusion receives additional support from 
Bickel’s recent findings (J. Amer. Chem. Soc., 1938, 60, 927) that, whereas methyl /-6- 
benzoyl-«-phenylpropionate readily undergoes racemisation at 26° when dissolved in an 
excess of a methyl-alcoholic solution of sodium hydroxide, yet the free acid remains 
unaffected. 

Finally, it may be recalled that esters of trisubstituted acetic acids and of acids con- 
taining an asymmetric centre other than in the a-position undergo alkaline hydrolysis 
without suffering any loss of optical activity. 

There can be little doubt, therefore, that the action of sodium ethoxide on an ester 
does in fact result in the formation of a sodio-derivative in appreciable quantity, and 
that its formation involves the release of a proton from the «-carbon atom. 


EXPERIMENTAL, 


Materials.—(i) dl-Methylethylacetic acid was partially resolved by means of brucine (Marck- 
wald, Ber., 1896, 29, 53) and esterified. The resulting (+-)ethyl methylethylacetate had b. p. 
35°/16 mm., ogeog + 1-72°, 2%, + 1-92° (1, 0-5); miS* 1-4002. 

(ii) dl-Ethyl-n-butylacetic acid was partially resolved by means of cinchonidine (unpub- 
lished observation) and esterified. The resulting (—)ethyl ethyl-n-butylacetate had b. p. 
90—91°/25 mm., a8, — 2°47°, a2%,, — 2-92° (1, 2); mie’ 1-4179. 

(iii) dl-Phenylmethylacetic a hla acid was ie pactinlly resolved by means of strychnine 
(Raper, J., 1923, 128, 2557) and esterified. The rae 1a (—)methyl phenylmethylacetate 
had b. p. 109—110°/20 mm.; «3%, — 20-34° (1, 0-5); ni® 1-4997. 

General Procedure.—In each experiment the optiieliy active ester (4—5 g.) was added to 
1 mol. (or less, see table) of an approximately saturated solution of the alkoxide in the. corre- 
sponding alcohol. After the appropriate interval a slight excess of cold dilute hydrochloric 
acid was added, and the liberated ester extracted with ether. In all cases the recovered ester 
was characterised by its b. p. and refractive index. The amount of distilled ester recovered 
was of the order of 80—90%; the rest of the reaction product was generally insufficient for 
anything but:a determination of its b. p.,.which was much higher than that of the ester from 

Q 
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which it was derived. In the one experiment, where metallic potassium was used, the 
procedure adopted was to add the ester to an atomic proportion of the “ powdered ” metal 
suspended in pure benzene. 
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45. Studies on the Esters of Sulphurous, Chlorosulphinic, and 
Chlorosulphonic Acids. Part II. 


By WILLIAM GERRARD. 


The decomposition of phenyl chlorosulphinate, Ph-O-SOCI, and certain typical 
aliphatic chlorosulphinates, in the presence of the tertiary bases pyridine, quinoline, 
dimethylaniline and in that of their hydrochlorides, has been examined with special 
reference to the fate of the base or its hydrochloride. It is shown that, not only is the 
decomposition mechanism in presence of the base quite different from that in presence 
of the hydrochloride, but there is a fundamental difference between the modes of 
decomposition of the aromatic and the aliphatic chlorosulphinates. Experiments have 
been extended to the determination of the fate of the base during the interaction of 
carbonyl chloride, phosphorus trichloride, or phosphorus oxychloride with hydroxy- 
compounds in the presence of pyridine. The interaction between pyridine and 
quinoline and the chlorosulphonate of a typical hydroxy-ester has also been studied, 
and evidence of the formation of the chlorosulphinates of isopropyl, sec.-butyl, and 
B-octyl alcohols and of ethyl mandelate by the direct action of thionyl chloride has 
been obtained. A general theory is submitted to account for the experimental results 
of other workers in this field. 


THE purpose of this series of papers is the precise formulation of the mechanisms of the 
replacement of a hydroxy-group by a chlorine atom through the agency of thionyl chloride, 
sulphuryl chloride, carbonyl chloride, and the chlorides and oxychloride of phosphorus in 
(a) the absence and (b) the presence of the tertiary bases pyridine, quinoline, and dimethy]- 
aniline and their hydrochlorides. An experimental survey of the field has now been 
made with special reference to the fate of the base and fhe hydrochloride. 

Thionyl Chloride, Hydroxy-compound, and Tertiary Base.—It was shown in Part I 
(Gerrard, J., 1939, 99) that addition of thionyl chloride to a mixture of pyridine (1 mol.) 
and hydroxy-compound (n-butyl or m-amyl alcohol or ethyl lactate; 1 mol.) resulted in 
the formation of pyridine hydrochloride and an excellent yield of the sulphite, R,SO,, 
when 0-5 mol. of the reagent had been added. The further addition of the thionyl chloride 
converted the sulphite into the chlorosulphinate, R-O-SOCI, the pyridine hydrochloride 
playing no part in this phase of the operation. When the resulting mixture was heated, 
the chlorosulphinate was catalytically decomposed by the hydrochloride, which was left 
unchanged at the end, sulphur dioxide being emitted and an excellent yield of the chloride, 
RCI, being formed. Excess of pyridine beyond 1 mol. diminished the yield of chloride. 
It is now shown that addition of thionyl chloride (0-5 mol.) to an ethereal solution of 
pyridine (1-0 mol.) and (a) 8-octanol, (6) ethyl mandelate, or (c) phenylmethylcarbinol 
results in the immediate precipitation, even at — 10°, of pure pyridine hydrochloride 
(1 mol.) in nearly 100% yield. §-Octyl sulphite was obtained in good yield, but the 
isolation of the sulphites of (b) and (c) was not attempted in this instance. There. is 
definite evidence that the production of pyridine hydrochloride and sulphite, R,SO,, is, 
in general, rapid and quantitative, even at — 10°. When results contrary to this are 
obtained [compare Ritchie (J., 1935, 1054), who could obtain only a 25% yield of «-carb- 
ethoxyethyl sulphite], it is probably because insufficient mixing is allowing local heat pro- 
duction, the consecutive reactions R,SO; —> RO-SOCI —-> RCI, and even direct action of 
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the thionyl chloride on the hydroxy-compound, as well as possible interaction between the 
base and both the chlorosulphinate and thionyl chloride. It has always been assumed 
that in such experiments pyridine hydrochloride was formed; but there does not appear 
to be any record of systematic analysis, and in many experiments the hydrochloride 
must have been contaminated with appreciable amounts of other pyridine compounds. 

Excellent yields of «-carbethoxyethyl sulphite and n-butyl sulphite as well as quinoline 
hydrochloride and dimethylaniline hydrochloride were produced by addition of thionyl 
chloride to ethereal solutions of the appropriate hydroxy-compound and base. The 
hydrochlorides of these bases were also produced in the case of phenol. The rapidity 
and definiteness of this reaction would appear to rule out the probability of the formation 
of a complex between the pyridine and the thionyl chloride; it is better to postulate 
that the co-ordination of the hydroxyl hydrogen atom with the nitrogen atom of the 
base, ROH:NC;H,, facilitates the appropriately oriented collision with the thionyl chloride 
molecule. 

The Decomposition of Chlorosulphinates in the Presence of Tertiary Bases and their 
Hydrochlorides.—In Part I (loc. cit.) it was shown that pure alkyl chlorosulphinates and 
ethyl a-chlorosulphinoxypropionate (compare also Frankland and Garner, J., 1914, 105, 
1101) decomposed when heated with pyridine hydrochloride, and gave rise to the chloride, 
RCI, in excellent yield; sulphur dioxide was evolved steadily and left the pyridine hydro- 
chloride unchanged. The same chlorosulphinates reacted with pyridine itself, in ethereal 
solution, even below room temperature, giving rise to a considerably. diminished yield of 
chloride, RCl, the pyridinium compound, C;H;N(R)-O-SOCI, and probably pyridine- 
sulphur dioxide, C;H;N:SO, (Gerrard, J., 1936, 688; Gerrard, Kenyon, and Phillips, J., 
1937, 153). It is now shown that for these typical chlorosulphinates and for phenyl 
chlorosulphinate the mechanism of the decomposition effected by pyridine, quinoline, 
and dimethylaniline is quite different from that of the decomposition effected by the 
hydrochlorides of these bases. In the absence of ether, the aliphatic chlorosulphinates 
reacted rapidly with pyridine in the cold, the products being the same as those obtained 
in ethereal solution. With quinoline the reaction was somewhat slower, but still fairly 
rapid, and similar types of compounds were produced, the quinolinium compound being 
in decidedly smaller yield. The slower reaction with quinoline is probably due to the 
bulkier appendage, which decreases the probability of suitably oriented collisions (cf. 
Winkler and Hinshelwood, J., 1935, 1147). Dimethylaniline reacted vigorously with 
n-butyl chlorosulphinate even at — 5°, and readily with ethyl «-chlorosulphinoxypro- 
pionate, producing a low yield of chloride, RCI, some sulphite, R,SO,, and products not 
yet identified. The fate of the base is probably largely determined by the reactivity 
of the hydrogen atom in the #-position. The chlorosulphinates of $-octanol and ethyl 
mandelate behaved with pyridine in ethereal solution as did n-butyl chlorosulphinate. 

When n-butyl chlorosulphinate or ethyl «-chlorosulphinoxypropionate was heated 
with quinoline hydrochloride or dimethylaniline hydrochloride, excellent yields of the 
chloride, RCI, were produced, sulphur dioxide was steadily evolved, and the hydrochloride 
of the base was recovered quantitatively. 

Not only does the mechanism of the decomposition of phenyl chlorosulphinate by 
means of a tertiary base differ distinctly from that of the decomposition by means of the 
hydrochloride of the base, but it also differs widely from that of the decomposition of 
aliphatic chlorosulphinates effected by corresponding reagents. Phenyl chlorosulphinate 
did not react in the cold with pyridine or quinoline whether ether was present or not, 
but it reacted explosively with these bases at 122°, and was decomposed vigorously by 
their hydrochlorides at 98° and 108° respectively (see p. 224). Although the chloro- 
sulphinate reacted explosively within a minute of being mixed with dimethylaniline, no 
such reaction occurred when it was heated in the presence of the hydrochloride of the 
base, slow evolution of gas occurring at about 50°. 

Carré and Libermann (Bull. Soc. chim., 1933, 58, 1050, 1075; 1936, 3, 1064) claim 
to have determined the decomposition temperatures of chlorosulphinates ‘‘ en présence 
d'une molecule de pyridine ” ; but it is remarkable that in not a single experiment described 
was pyridine as such present. Their technique was to mix, in the cold, the hydroxy- 
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compound (1-0 mol.) with pyridine (1-0 mol.) and thionyl chloride (1-0 mol.) and to heat 
this mixture until the manometer mercury began to fall more rapidly than by thermal 
expansion of air in the apparatus. After mixing, the system consisted of pyridine hydro- 
chloride, more or less pure depending on the exact procedure during the mixing (no data 
were given), the sulphite, R,SO,, and 0-5 mol. of thionyl chloride, which, during the heat- 
ing process, would convert the sulphite into chlorosulphinate with a velocity as yet un- 
known. -No reference was made to the remarkable behaviour of phenyl chlorosulphinate 
in contrast with that of the aliphatic chlorosulphinates. Without giving further details, 
the authors merely state that they have verified in a large number of cases that the tem- 
peratures of decomposition found by the technique described are the same if the decom- 
position is effected with the chlorosulphinate “‘ preparé 4 part.” and then treated with a 
molecular proportion of pyridine. 

Thionyl Chloride and Hydroxy-compounds.—The reaction between these reagents may 
take various courses according to the exact method of experiment. Whereas Stahler 
and Schirm (Ber., 1911, 44, 319) obtained an 85% yield of ethyl chlorosulphinate by the 
addition of thionyl chloride to the alcohol in the cold, and Voss and Blanke (Amnalen, 
1931, 485, 258) obtained a 68% yield by the reverse order of addition, Carré and Liber- 
mann (loc. cit.) record yields of 95% for ethyl and other chlorogulphinates so prepared, 
yet they could not obtain isopropyl chlorosulphinate, and concluded that the chlorosul- 
phinates of secondary alcohols were not formed by the direct interaction of the alcohol 
and thionyl chloride. Voss and Blanke (loc. cit.), however, obtained a 46% yield of iso- 
propyl chlorosulphinate in this way, and the author, repeating his preparation of this 
compound (J., 1936, 688), obtained an excellent yield and also secured a fair yield of 
sec.-butyl chlorosulphinate. Carré and Libermann (Compt. rend., 1933, 196, 275; Joc. 
cit.) also declared that phenyl chlorosulphinate cannot be made by the interaction of 
thionyl chloride and phenol, the product being (CgH,-OH),SCl: yet the author (J., 1939, 
99) prepared ‘phenyl chlorosulphinate in 85—90% yields from these reagents. The same 
workers claim to have prepared the chlorosulphinates of $-octanol and phenylmethyl- 
carbinol by the action of thionyl chloride on the corresponding sulphite (products were 
not distilled), and they state that the chlorosulphinates are not formed. by the action of 
thionyl chloride on the alcohols themselves: “ direct chlorination ’’ is assumed to occur. 
Since the formation of the “‘ intermediate chlorosulphinate ” is a vital link in the Walden 
inversion theories of Kenyon, Phillips, and their co-workers, the preparation of 6-octyl 
chlorosulphinate from f-octanol and thionyl chloride was a matter of considerable interest 
to them; but despite repeated attempts, Kenyon, Lipscomb, and Phillips (J., 1930, 417) 
failed to prepare it. It should be possible to do so, however, because Hunter (J., 1924, 
125, 1389) prepared 8-octyl sulphite by adding thionyl chloride (0-5 mol.) to §-octanol 
(1-0 mol.) in light petroleum, and therefore, according to Carré and Libermann—though 
in contradiction to their other statement—the chlorosulphinate should result from the 
continued addition of the thionyl chloride beyond the 0-5 mol. Evidence is now pre- 
sented to show that $-octyl chlorosulphinate can be obtained by the action of thionyl 
chloride on the alcohol as well as on the sulphite. Evidence of the formation of ethyl 
a-chlorosulphinoxyphenylacetate was also obtained, but the results with phenylmethy]- 
carbinol are uncertain. 

Other confusing conclusions, ¢.g., of Meyer (Monatsh., 1901, 22, 415), McKenzie and 
Barrow (J., 1911, 99, 1910, 1915), Hoering and Baum (Ber., 1908, 41, 1918), and Carré 
and Libermann (Compt. rend., 1935, 200, 1215; Bull. Soc. chim., 1935, 2, 1166) concerning 
thionyl chloride and mandelic acid, and also the difference between Frankland and Garner 
(loc. cit.) and Blaise and Montagne (Compt. rend., 1922, 174, 1173, 1553) concerning lactic 
acid, suggest that there are several fundamental modes of interaction due to collisions 
oriented by the electronic condition of the different parts of the molecules of the two 
reactants, the probability of such collisions depending on the exact procedure, as well as 
on the nature of the hydroxy-compound. 

Thionyl Chloride and the Walden Inversion.—It has been shown by McKenzie and 
Barrow (loc. cit.) that addition of ethyl /-mandelate (1 mol.) to cold thionyl chloride (2 mols.) 
results in the formation of ethyl /-phenylchloroacetate, «544, — 91-3°. Kenyon, Lipscomb, 
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and Phillips (J., 1930, 415) assume that this takes place without inversion through the 
decomposition of the postulated intermediate chlorosulphinate giving rise to a carbonium 


- + 

anion : CgH,*CH(O-SOCI)-CO,C,H; —> C,H,-CH-CO,C,H, +SO,+ Cl. ‘“ If pyridine were 
present,” they state, “it could facilitate the formation of the chlorosulphinate, and also 
aid its decomposition by combining with it to form the unstable intermediate complex, 
RO-SO-NC,;H,Cl, a pyridinium chloride.” ‘“‘ When the chlorosulphinate decomposes in 
the presence of pyridine,” a Walden inversion occurs. Pyridine, however, does not 
facilitate the formation of the chlorosulphinate, but the sulphite, and the formation of 
the above complex does not appear to be necessary for inversion, because Kenyon, Lips- 
comb, and Phillips obtained an inversion (a54,, +- 41-2°) when thionyl chloride (1 mol.) 
was added to an ethereal solution of ethyl /-mandelate (1 mol.) and pyridine (1 mol.), 
followed by warming on a steam-bath for 30 minutes, In these circumstances the pyridine 
as such ceased to function when 0-5 mol. of thionyl chloride had been added; during the 
subsequent warming the reaction R,SO, + SOC],—> 2R-O-SOCI took place, and this 
product underwent slow decomposition in the absence of pyridine, but with pyridine 
hydrochloride in the system as a separate phase. The incomplete decomposition of the 
chlorosulphinate in these circumstances, followed by subsequent hydrolysis during the 
working up, would account for the occurrence of a not inconsiderable amount of ethyl 
l-mandelate in the product (yields not stated), This system is equivalent to the tolyuene- 
phenylmethylcarbinyl chloroformate—quinoline hydrochloride system of Houssa and 
Phillips (J., 1932, 1232, 1st expt.), in which the chloroformate is considered as decomposing 
in the absence of tertiary base. Furthermore, McKenzie and Clough (J., 1910, 97, 2564) 
added /-phenylmethylcarbinol to thionyl chloride and obtained /-«-chloroethylbenzene, and 
for the same reasons as in the example of ethyl /-mandelate, Kenyon, Phillips, and Taylor 
(J., 1931, 382) assumed that no inversion occurred, but they obtained the d-chloride 
(Ist expt.) when thionyl chloride (2 mols.) was added to the /-alcohol (1 mol.) and pyridine 
(1 mol.), followed by heating, 7.e., in circumstances in which there was no pyridine to form 
the pyridinium complex. Although it appears certain that the chloride, RCI, is formed 
by the decomposition of the chlorosulphinate when pyridine has been used in the system, 
it is by no means probable that the chlorosulphinate is an essential intermediate when 
thionyl chloride is used alone. A study of the magnitude of the rotatory powers of the 
specimens of chlorides produced indicates the occurrence of inversion and non-inversion 
reactions together, but in different proportion. It was remarked by McKenzie and Clough 
(loc. cit.) that ‘‘ the presence of a phenyl group in other compounds causes group dis- 
placement to be accompanied by racemisation to a degree which is generally considerable.”’ 
“ Racemisation ”’ in the carefully conducted experiments with thionyl chloride is probably 
due to occurrence of non-inversion and inversion reactions, rather than to the actual change 
of configuration of the chloride when formed. For instance, /-phenylmethylcarbinol with 
thionyl chloride alone gave /-chloride, «5,4, — 63-3° (McKenzie and Clough); with 1 mol. 
of pyridine (decomposition of chlorosulphinate in absence of base, but in presence of the 
hydrochloride), d-chloride, «54g, + 17-3° (Kenyon, Phillips, and Taylor) was produced ; 
with 2 mols. of pyridine (free base present after formation of sulphite), the d-chloride, 
sag, + 36-3° (idem) was formed. Under the same three sets of conditions, ethyl /-man- 
delate and thionyl chloride afford respectively /-chloride, o4,, — 91-3° (McKenzie and 
Barrow, loc. cit.); d-chloride, «54, + 41-2° (Kenyon, Lipscomb, and Phillips); d-chloride, 
Xs4g3 + 122-0°. 

Chlorosulphonates and Tertiary Bases.—Willcox (Amer. Chem. ] ., 1904, 32, 446) obtained 
dimethylaniline-sulphur trioxide, CgH;-N(CHs),,SO3, in 83-3% yield, together with ethyl 
chloride and a little quaternary compound, by mixing chloroform solutions of ethyl 
chlorosulphonate and the base below 0°. Baumgarten (Ber., 1926, 59, 1166) obtained 
similar results with pyridine, the compound C,H,N,SO, being produced in 85% yield. 
The reaction has now been extended to ethyl «-chlorosulphonoxypropionate and to 
quinoline; when ethereal solutions of the ester and pyridine were mixed at — 10°, a 
crisp white precipitate, consisting almost entirely of pyridine-sulphur trioxide, began to 
form immediately, whereas the ethereal solution afforded a good yield of chloride, RCI. 
In a similar way quinoline-sulphur trioxide, C\H,N,SOg, was obtained. 
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The sulphur atom in the chlorosulphonate is preponderantly positive, and the lone 


pair of electrons on the nitrogen atom of the base will make oriented collision at that 


point highly probable. The velocity of precipitation of the quinoline-sulphur trioxide 
was smaller than with pyridine, probably for reasons already mentioned. It is remark- 
able that the positively charged sulphur atom in the chlorosulphonate appears to hinder 
the reactivity of the chlorine atom: whereas the chlorosulphinate gave an excellent 
yield of pyridine hydrochloride when added to an ethereal solution of the hydroxy-com- 
pound and pyridine, the chlorosulphonate still gave pyridine-sulphur trioxide. 

In line with the chlorosulphinate, phenyl chlorosulphonate did not appear to react 
with either pyridine or quinoline in the cold. Denivelle (Compt. rend., 1934, 199, 211) 
apparently found it necessary to use the drastic process of heating phenyl chlorosulphonate, 
phenol (for example), and pyridine in a sealed tube at 120° to prepare phenyl sulphate. 
In interesting contrast with the chlorosulphinate, phenyl chlorosulphonate appears to 
react slowly with dimethylaniline; on warming the mixture, an alcohol-soluble oil was 
produced which exhibited indicator properties. Denivelle (Bull. Soc. chim., 1936, 3, 
2143) concluded that phenyl chlorosulphonate is without apparent immediate action in the 
cold on a benzene solution of dimethylaniline. He referred to an oil which separates in the 
course of two days; but he neither isolated the product nor mentioned the indicator effect. 

Carbonyl Chloride, Hydroxy-compound, and Tertiary Base.—The slow addition of a 
toluene solution of carbonyl chloride (0-5 mol.) to ethyl lactate (1 mol.) and pyridine (1 mol.) 
in toluene at — 10° produced the immediate precipitation of pyridine hydrochloride. 
Without any warming, almost theoretical yields of pyridine hydrochloride and «-carb- 
ethoxyethyl carbonate were obtained. From this, and from a study of other relevant 
experiments by, ¢.g., Hunter (loc. cit.) and Ritchie (loc. cit.), it is clear that the action of 
carbonyl chloride on a hydroxy-compound in the presence of pyridine is strictly analogous 
to that of thionyl chloride as already described : 


2R-OH:NCsH, + COC], —> CO(OR), + 2CsH,N,HCI 
CO(OR),-+COCl  —> 2CI-CO,R 


Therefore the statement (Houssa and Phillips, J., 1932, 1232) that “‘ when only one mole- 
cular proportion of quinoline was used, it was converted into quinoline hydrochloride by 
the hydrogen chloride liberated during the formation of the chloroformate” is not a 
correct description of the mechanism. Then again the statement by Carré and Liber- 
mann (loc. cit.) that ‘‘ les chloroformiates d’alcoyle qui, a l’état de pureté, sont plus stables 
que les chlorosulphites, deviennent au contraire moins stables en présence de pyridine,” 
is fallacious. The authors repeatedly refer to pyridine, whereas it was the hydrochloride 
that was present. When properly compared, it will be found that the chlorosulphinates 
are quite as reactive towards pyridine as are the chloroformates; and, as a first approxim- 
ation, it is highly probable that the chloroformates are more stable when heated with 
pyridine hydrochloride than are the chlorosulphinates. 

Phosphorus Trichloride or Oxychloride, Hydroxy-compounds, and Pyridine.—A study 
of the experiments of Railton (J., 1854, 7, 216), Menschutkin (Annalen, 1866, 139, 343), 
Schiff (tbid., 1857, 102, 334), Wichelhaus (ibid., 1868, Suppl. 6, 257), Chambon ( Jenaische Z.., 
1876, 10, 97), Geuther (ibid., p. 104), Kowalewsky (Chem. Centr., 1897, 68, 333), Jaroschenko 
(tbid., p. 334), Milobendzki and Sachnowski (Chem. Polski, 1917, 15, 34), and Balarew 
(Z. anorg. Chem., 1917, 99, 187; 101, 225) shows that the action of the chlorides and 
oxychloride of phosphorus on hydroxy-compounds involves even more possible mechanisms 
than that of thionyl chloride. Highly probable mechanisms are of the types : 


(i) ROH + PCl, —> PCl,-OR + HCl 

(ii) 3R-OH + PCl,—»> P(OR), + 3HCl 
(iii) P(OR), + HCl —> P(OH)(OR), + RCI 
(iv) P(OR); + PCl,—> PCI(OR), + PCl,-OR 
(v) ROH + HCl —>» RC1+H,0 


The mechanism or mechanisms followed will depend upon the nature of the group R 
and the exact procedure. In the presence of pyridine, however, when efficient mixing is 
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ensured, the primary action is the formation of the ester, phosphite or phosphate, the 
addition of the phosphorus chloride beyond 4 mol. then giving rise to the types shown 
in (iii) and (iv). 

Addition of an ethereal solution of phosphorus trichloride (0-33 mol.) to an_ ethereal 
solution of pyridine (1 mol.) and n-butyl alcohol, 6-octanol, or ethyl mandelate (1 mol.) 
resulted in almost quantitative precipitation of pyridine hydrochloride. The further 
addition of the trichloride produced no heat effect and no apparent change. Phosphorus 
oxychloride gave similar results; but the precipitation of the hydrochloride was definitely 
slower, as would be expected from the presence of the positive charge on the phosphorus 
atom, which diminished the reactivity of the chlorine atoms. 

A satisfactory explanation of the experimental results of Houssa and Phillips (J., 
1931, 108) is thereby furnished. Addition of a mixture of $-octanol (1 mol.) and pyridine 
(2 mols.) in ether to phosphorus trichloride (1 mol.) in ether probably resulted in the 
precipitation of pyridine hydrochloride (1 mol.), leaving in solution $-octyl phosphite 
(0-33 mol.), pyridine (1 mol.), and phosphorus trichloride (0-66 mol.). When this mixture 
was warmed for 10 minutes, a reaction of type (iv) would occur with an unknown velocity. 
The action of pyridine on these chlorides (of which lower members, ¢.g., n-butyl, are stable 
to distillation) is now under examination. Apparently the pyridine did not effect a con- 
version into $-chloro-octane, for none was found in the ultimate product. Treatment of 
the ethereal solution with water doubtless resulted in the hydrolysis of these chlorides, 
PC1,(OR) —> P(OH),(OR) and PCl(OR), —-> P(OH)(OR),, and these esters were in fact 
the main products isolated by the authors. An analogous argument explains their results 
with phosphorus oxychloride, with which “ only a trace of 8-chloro-octane was produced, 
the main products being a neutral phosphoric ester and a mixture of acid phosphoric 
esters.” Phosphorus pentachloride, however, did give some 6-chloro-octane (actual 
amount not stated), a result to be expected from the reaction 4ROH + PCl,; + 4C,H;,N—> 


RCl + O—P(OR), + 4C;H;N,HCl. Kenyon, Phillips, and Taylor (loc. cit.) carried out 
their phenylmethylcarbinol—-phosphorus halide experiments in absence of ether and in the 


presence of 1 mol. of pyridine per mol. of alcohol. If the reaction proceeded by the course 
R-OH —> P(OR),; —> PCI(OR), + PCI1,(OR), then the production of a 70% yield of 
chloride indicates that the chlorophosphites in this case are much less stable and are 
decomposed at 50° in the presence of pyridine hydrochloride, in which circumstances it 
is not clear how the pyridine complex formulated by the authors can be formed. 

The conclusions of Boyd and Ladhams (J., 1928, 215) can be profitably examined in 
the light of these arguments. 


EXPERIMENTAL. 


Interaction of Phenyl Chlorosulphinate with Tertiary Bases and their Hydrochlorides.— 
(a) With pyridine iu ethereal solution. Phenyl chlorosulphinate, prepared as described in 
Part I (loc. cit.) (23-75 g., 1 mol.), in 30 c.c. of dry ether (the ether used throughout was dried) 
was treated with pyridine (10-7 g., 1 mol.) in 20 c.c. of ether at — 10°. Apart from the im- 
mediate precipitation of about 0-3 g. of pyridine hydrochloride, no reaction took place even 
on 3 days’ standing at room temperature. The addition of phenol (12-2 g., 1 mol.) in 20 c.c. 
of ether at — 10° then precipitated 9-2 g. of pyridine hydrochloride, and the filtered ethereal 
solution yielded phenyl sulphite, b. p. 178°/15 mm. (18-5 g.) (Found: S, 13-5. Calc.: S, 
13-7%), thus showing the presence of the chlorosulphinate in the reaction mixture. 

(b) With pyridine in absence of ether. The chlorosulphinate (17-6 g., 0-1 mol.) showed no 
sign of reaction on being mixed with pyridine (7-9 g., 0-1 mol.) at — 5°. The mixture was then 
heated gently in a small flask attached to an upright condenser fitted at the top with a tube 
leading to a guard-tube containing calcium chloride, a reversed empty wash bottle, and to a 
three-way tap leading either to a manometer or to a wash-bottle containing an aqueous solution 
of potassium hydroxide and thence to the top of a separating funnel attached at the bottom 
to another funnel for levelling purposes. At 122° (reproducible in several experiments) there 
was a sudden rise in pressure, the manometer tap was shut, and the absorption tap opened. 
The reaction was almost explosive and subsided in a few seconds; the alkali absorbed about 
0-03 mol. of sulphur dioxide, but no hydrogen chloride. The liquid in the flask thickened 
immediately, and on cooling became an amber-coloured gum, which, on trituration with water, 
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yielded a pale brown solid (10-5 g.) and an aqueous solution containing pyridine hydrochloride 
(0-095 mol.). The brown solid was insoluble in the common organic solvents, but readily 
soluble in dilute sodium hydroxide, forming a dark brown solution, from which it was repre- 
cipitated by dilute hydrochloric acid, the mother-liquor being colourless. The solid was free 
from chlorine and nitrogen (Found: C, 56-6; H, 3-4; S, 156%). It appeared to form a 
benzoate, a pale brown solid, insoluble in a solution of sodium hydroxide, but very soluble in 
chloroform, from which it could not be crystallised. 

(c) With quinoline. The chlorosulphinate (8-8 g., 0-05 mol.) was mixed with quinoline 
(6-5 g., 0-05 mol.) and heated as described. Similar phenomena were observed. The decom- 
position occurred at 122°, the alkali absorbed 1-17 g. of sulphur dioxide, but no hydrogen 
chloride, and the thick gum which remained yielded on trituration a pale brown solid (6-1 g.), 
having properties apparently identical with those of the solid obtained in (b), and an aqueous 
solution of quinoline hydrochloride (nearly 0-05 mol.). 

(d) With dimethylaniline. This base and the chlorosulphinate reacted explosively within 
1 min. after mixing at 16°, the volatile products being emitted in white clouds, leaving a dark 
greenish-black residue lining the flask: 

(e) With pyridine hydrochloride. The chlorosulphinate (17-6 g., 0-1 mol.) was mixed with 
pyridine hydrochloride (11-5 g., 0-1 mol.) and heated as described. The hydrochloride remained 
solid, but dissolved gradually as the temperature was raised, and at 90° the mass became 
homogeneous. At 98° an explosive reaction occurred, 4 g. of a mixture of hydrogen chloride 
and sulphur dioxide being evolved almost in equimolar ratio. The residue, a stiff brown 
gum, was triturated with water, but instead of the brown solid, an ether-soluble gum was 
obtained, and the aqueous liquid contained pyridine hydrochloride (0-1 mol.), excess chloride 
ion (0-187 g.), and sulphur dioxide (0-128 g.). The gum weighed 12-5 g. when dried, was soluble 
in the common organic solvents, and in aqueous sodium hydroxide, from which it was repre- 
cipitated by hydrochloric acid. 

(f) With quinoline hydrochloride. The chlorosulphinate (8-8 g., 0-05 mol.) and the hydro- 
chloride (0-05 mol.) were heated as described. The latter softened at about 85°, gave a homo- 
geneous liquid at 103°, and reacted as described at 108°. 1-567 G. of a mixture of hydrogen 
chloride and sulphur dioxide (in almost equimolar ratio) were evolved, and the residue of thick 
brown gum yielded, on treatment as in (e), quinoline hydrochloride (0-05 mol.) and thick brown 
oil (7-1 g.) having similar properties to that obtained in (e). ! 

(g) With dimethylaniline hydrochloride. The chlorosulphinate (5-4 g.) and the hydro- 
chloride (4-8 g.) were heated as in (f). Evolution of gas started at 50°, and from 65° to 120° 
it was steady but slow. 0-93 G. of hydrogen chloride and sulphur dioxide in equimolar ratio 
was evolved. Trituration of the residue with water yielded an ether-soluble oil (2-9 g.) similar 
to that in (f), an aqueous solution of dimethylaniline hydrochloride, and a white solid (1-5 g.), 
m. p. 122°. 

The characterisation of the thick oils and brown solids produced in the foregoing experi- 
ments will be reported later. 

The Interaction of Thionyl Chloride and Phenol in the Presence of Tertiary Bases in Ethereal 
Solution.—(a) With pyridine. Thionyl chloride (80 g., 0-5 mol.) in 50 c.c. of ether was added 
slowly to a mixture of phenol (129 g., 1 mol.) in 200 c.c. of dry ether and pyridine (107 g., 
1 mol.), at — 5° (vigorous shaking throughout is essential for a good yield). 153 G. (Calc. 
155 g.) of pyridine hydrochloride were precipitated (Found: Cl, 30-7. Calc.: Cl, 30-8%). 
The ethereal solution yielded phenyl sulphite, b. p. 178°/15 mm. (141-8 g., 91%). Richter 
(Ber., 1916, 49, 2340) prepared phenyl sulphite by these reagents in carbon disulphide, and 
used 1 mol. of pyridine, not a “ little ’’ pyridine (Silberrad, ]. Soc. Chem. Ind., 1926, 45, 37, 55). 

(b) With quinoline. Thionyl chloride (6 g., 0-5 mol.) in 20 c.c. of dry ether, added to 
quinoline (12-9 g., 1 mol.) and phenol (9-4 g., 1 mol.) in 50 c.c. of ether at — 5°, gave quinoline 
hydrochloride (15-9 g.) (Found: Cl, 20-9. Calc. : Cl, 21-4%) and phenyl sulphite, b. p. 177— 
179°/16 mm. (9-6 g.). In these experiments, the phenomena during the mixing of the reagents 
were different from those observed with alcohols in ethereal solution. At first the hydro- 
chloride of the base redissolved in the pyridine—phenol-ether, and then, as the phenol was 
converted into sulphite, the hydrochloride separated as an oil, probably containing dissolved 
pyridine and/or phenol, and on being vigorously shaken it crystallised. The pyridine and 
quinoline hydrochlorides were good specimens, but the dimethylaniline hydrochloride obtained 
in the corresponding experiment was discoloured. 

Reaction of Phenyl Chlorosulphinate with Formic Acid.—The chlorosulphinate (17-6 g., 
0-1 mol.) was mixed with formic acid (100% ; 5-5 g., 0-12 mol.) in a flask attached to the absorp- 
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tion apparatus. The reaction proceeded steadily at room temperature, hydrogen chloride 
(3-45 g.), sulphur dioxide (5-77 g.), and carbon monoxide (508 c.c.) being evolved. After four 
hours the residue was distilled, and a colourless fraction, b. p. 77—85°/18 mm., 7-8 g., was 
obtained; a thick syrupy residue, 3-6 g., remained undistilled, oil-bath at 200°. Redistillation 
yielded a fraction, b. p. 78—83°/18 mm., 6 g., of which 0-180 g. gave with concentrated sulphuric 
acid in a Lunge nitrometer 27-8 c.c. (N.T.P.) of carbon monoxide, indicating 84% of phenyl 
formate. Auger (Compt. rend., 1904, 139, 798) showed that Seifert’s product, from the inter- 
action of phenol and formic acid in the presence of phosphorus oxychloride (J. pr. Chem., 
1900, 31, 467), could not have contained more than 30% of phenyl formate, the rest being 
phenol, which could not be separated by distillation but was removed by benzoylation. 

Reaction of Phenyl Chlorosulphinate with 1-Menthol in Presence of Pyridine.—The chloro- 
sulphinate (17-6 g., 0-1 mol.) was added slowly to a well-shaken ethereal solution of /-menthol 
(15-6 g., 0-1 mol.) and pyridine (8 g., 0-1 mol.) in 50 c.c. of ether at — 5°. Pyridine hydro- 
chloride (11-4 g. Calc.: 11-55 g.) was precipitated at once (Found: Cl, 30-2. Calc.: Cl, 
30:7%). Distillation of the ethereal solution under 2—3 mm. yielded fractions: (i) b. p. 70— 
125° (8 g.); (ii) b. p. 1560—156° (9-6 g.); (iii) b. p. 156—160° (3-8 g.); residue (2-6 g.). Frac- 
tion (iii), phenyl menthyl sulphite, had a3” + 10-61° (1 = 1) (Found: S, 11-2. C,H,,0,S 
requires S, 10-8%). 

Preparation of Phenyl Chlorosulphinate by the Action of Thionyl Chloride on Phenyl Sulphite. = 
Carré and Libermann (Compt. rend., 1932, 195, 799) claim to have prepared this ester in excellent 
yield by the action of thionyl chloride on phenol “‘ en présence d’une quantité equimoleculaire 
de pyridine,”’ but in one place they state they could not distil their product, whereas in another 
place they state that they isolated ‘‘ une petite quantité de chlorosulphite de phenyle.”” Phenyl 
sulphite (freshly distilled) was treated with excess of thionyl chloride and kept for 48 hours. 
The product on distillation gave about a 10% yield of phenyl chlorosulphinate. 

Interaction of Aliphatic Chlorosulphinates with Tertiary Bases.—(a) With pyridine in absence 
of ether. (i) n-Butyl chlorosulphinate (15-6 g., 0-1 mol.) was mixed with pyridine (7-9 g., 0-1 
mol.) at — 10° in a flask which was then fitted to the absorption apparatus and immersed in 
water at 0°. Within a few minutes a red oil began to separate, the temperature rising mean- 
while to 10°. The absorption liquid contained a little sulphur dioxide, but no chloride ion. 
Treatment of the product with dilute sulphuric acid gave a lower aqueous layer which con- 
tained butylpyridinium ion [yielding 19-0 g. of butylpyridinium ferrocyanide (Found: Fe, 
10-75. Calc.: Fe, 10-7%)], sulphur dioxide (nearly 0-1 mol.), chloride ion (1-6 g.), and pyridine 
(4:8 g., 60% of original amount), whilst the upper layer gave only n-butyl chloride (3-9 g. 
42%), b. p. 77°, di’ 0-8873. 

(ii) Ethyl «-chlorosulphinoxypropionate (20-0 g., 0-1 mol.) was mixed with pyridine (7-9 g., 
0-1 mol.) at — 10°, and the flask treated as in (i), but being immersed in ice~water. The only 
sign of reaction was a gradual development of a pale yellow colour; but, on removal of the 
ice~water after 15 mins., the mixture became quite hot in 4—5 mins., forming a dark red, = 
mobile liquid and emitting little more than a trace of sulphur dioxide, and 
hydrogen chloride. Addition of dry ether precipitated a dark red oil (11-3 g.) (cf. Oiiiaal 
loc. cit.; Gerrard, Phillips, and Kenyon, loc. cit.), and the ethereal layer yielded to water 3-74 g. 
of sulphur dioxide, 4-5 g. of pyridine (probably as CyH,N,SO, 3 in the ethereal solution), and 
1-5 g. (55%) of ethyl a-chloropropionate, b. p. 47-5°/20 mm., 3" 1-4170, di?" 10779 (Found : 
C1, 25-7. Calc. : Cl, 26-0%), but no chloride ion. The oil contained CY’, 1-403 g.; SO,, 2-41 g., 
and pyridinium compound. 

(b) With quinoline in absence of ether. (i) n-Butyl chlorosulphinate (15-6 g., 0-1 mol.) and 
quinoline (12-9 g., 0-1 mol.) reacted at — 10°. Addition of ether produced a solution, from 
which sulphur dioxide (4 g.), quinoline (8-3 g.), and »-butyl chloride (5-5 g., 60%) were obtained, 
and an oil (8-8 g.), from which, after treatment with aqueous sodium bicarbonate and ether 
extraction to remove quinoline, n-butylquinolinium chloroplatinate, m. p. 223—-224° (decomp.), 
was obtained (Found: Pt, 24-9. C,,H,,N,PtCl, requires Pt, 25%). 

(ii) Ethyl «-chlorosulphinoxypropionate (20 g., 0-1 mol.) and quimoline (0-1 mol.) also 
Teacted at — 10°. Sulphur dioxide was evolved slowly as the mixture was heated to 56°, 
but there was no indication of a definite temperature of emission. Treatment as in (i) yielded 
an oil (5-5 g.), which contained quinoline and an a-carbethoxyethylquinolinium salt (chloro- 
platinate, m. p. 170—171°. Found: Pt, 22-562. C,,H,,0,N,PtCl, requires Pt, 22-46%), and 
an ethereal solution containing ethyl a-chloropropionate (10-3 g., 75%), b. p. 47-5°/21 mm., 


a* 1-0779, quinoline, and sulphur dioxide in almost molecular proportions, but giving very 
little chloride ion with water. 
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(c) With quinoline in presence of ether. (i) Ethyl a-chlorosulphinoxypropionate (20 g., 
0-1 mol.) and quinoline (0-1 mol.) were mixed in ethereal solution (200 c.c.) at — 10°, and 
allowed to warm to 16°. An oil began to separate from the beginning, and after 24 hours the 
oil (4-1 g.) had the same composition as in (b, ii) (chloroplatinate, m. p. 170—171°. Found: 
Pt, 22-5%), and the ethereal solution resembled that above, containing ethyl «-chloropropionate 
(9-6 g., 70%), b. p. 47°/20 mm. 

(ii) With quinoline (0-1 mol.) in ethereal solution methyl chlorosulphinate (0-1 mol.) reacted 
rapidly at — 10°, heat being evolved, and gave 13 g. of a dirty white solid. Ethyl chloro- 
sulphinate (0-1 mol.) reacted less rapidly, giving a white precipitate of ethylquinolinium chloro- 
sulphinate (16-4 g.) tending to change to a red oil [Found : Cl, 14-2; SO,, 22-7. C,H,N(C,H,)*SO,Cl 
requires Cl, 13-9; SO,, 249%]. m-Propyl chlorosulphinate (0-1 mol.) gave a mixture of oil 
[Found : Cl, 11-0; SO,, 22-6. C,H,N(C,H,)SO,Cl requires Cl, 13-1; SO,, 23-6%] and crystals 
(6-9 g.) (Found: Cl, 13-6; SO,, 190%). Evaporation of the ether in a vacuum desiccator 
gave 3-6 g. of white crystals of quinolinium sulphite, which turned into a red sticky mass on 
manipulation [Found: SO,, 19-2; Cl, 1-35. (C,H,N),H,SO, requires SO,, 190%]. isoButyl 
chlorosulphinate (0-1 mol.) yielded 8-2 g. of dirty white crystals, m-amyl chlorosulphinate 
(0-1 mol.) gave 8-3 g. of oil, and u-butyl chlorosulphinate (0-1 mol.) gave 9-0 g. of oil. 

(d) With dimethylaniline in absence of ether. (i) Ethyl a-chlorosulphinoxypropionate (0-1 
mol.) mixed with the base (0-1 mol.) at — 10° became hot in 3 mins. after removal from the 
cooling bath, sulphur dioxide and the chloropropionate being evolved. The residue of thick 
red oil was treated with water, and an indigo-blue solution with indicator properties resulted. 
The ethereal extract of this gave the chloropropionate (6-9 g., 50%), b. p. 47-5°/21 mm., and 
a-carbethoxyethyl sulphite (0-5 g.), b. p. 171°/20 mm. Addition of.sodium hydroxide to the 
aqueous solution precipitated a sticky purple mass from which were obtained 0-4 g. of a purple 
solid with indicator properties, and 5 g. of a white solid, m. p. 120—124°, insoluble in water 
and alkali, soluble in acid, reprecipitated by alkali. This substance is being examined. 

(ii) The base (12-1 g., 0-1 mol.), added slowly to -butyl chlorosulphinate (0-1 mol.) at — 10°, 
reacted vigorously when only 7 g. of the base had been added, sulphur dioxide and butyl 
chloride being emitted, leaving a semi-solid mass. Dilute hydrochloric acid was added, and 
from the upper layer n-butyl chloride (3-2 g.) and »-butyl sulphite (3-5 g.), b. p. 115°/18 mm., 
di 0-9948 (Found: S, 16-1. Calc. for CgH,,0,S: S, 16-4%), were obtained. On being ren- 
dered alkaline with sodium hydroxide, the aqueous solution yielded a semi-solid mass, which 
on crystallisation from alcohol gave a white solid, m. p. 120—124° (3-3 g.), and dimethylaniline 
(2-5 g.), probably added after the reaction had commenced. 

(e) With dimethylaniline in ethereal solution. (i) Ethyl «-chlorosulphinoxypropionate 
(17 g.), mixed with dimethylaniline (10-5 g.) in 200 c.c. of dry ether at — 10°, began to deposit 
a dark oily mass on warming to room temperature. After 12 hours, the oil weighed 13 g., 
and the ethereal solution, on being washed with water, gave no chloride ion, much sulphur 
dioxide, ethyl «a-chloropropionate (2-2 g.), b. p. 47:5°/21 mm., n? 1-4170, ae 1-0780, and 
a-carbethoxyethyl sulphite (3-0 g.), b. p. 173°/21 mm., n?” 1-4400. 

(ii) -Butyl chlorosulphinate (15-7 g., 0-1 mol.) and dimethylaniline (12-1 g.) in 50 c.c. of 
ether, mixed at — 10° and allowed to warm to room temperature, gave a semi-solid dark 
brown mass (20-4 g.), and the ethereal solution yielded »-butyl chloride (3-3 g.) and u-butyl 
sulphite (3-0 g.). 

(iii) Methyl, ethyl, propyl, isobutyl, and »-amyl chlorosulphinates reacted with dimethyl- 
aniline in ethereal solution below room temperature. The first mixture evolved much heat 
at — 10°, and the oil separated rapidly. 

The Decomposition of Aliphatic Chlorosulphinates in Presence of the Hydrochlorides of Quinoline 
and Dimethylaniline.—(a) With quinoline hydrochloride. Ethyl a-chlorosulphinoxypropionate 
(15 g., 0-075 mol.) and quinoline hydrochloride (10 g., 0-075 mol.) were mixed in a flask which 
was then fitted to the absorption apparatus and gently heated in a water bath. The mass 
became fluid at 38°, sulphur dioxide appeared slowly to be evolved at 39°, and two layers 
were maintained in the reaction mixture throughout. The temperature was gradually raised 
to 60°, and there was no indication of a definite decomposition temperature, sulphur dioxide 
being steadily evolved. On being cooled, the two layers persisted, the lower one consisting 
of quinoline hydrochloride containing dissolved sulphur dioxide and probably ethyl «-chloro- 
propionate, the upper one being chiefly the ester. Treatment with dry ether yielded pure 
quinoline hydrochloride (10 g.; ca. 100%) (Found: Cl, 21-2. Calc.: Cl, 21-4%) and ethyl 
«-chloropropionate (9-9 g., almost theoretical), b. p. 47-5°/21 mm., nie 1-4170, di?* 1-0779. 

(b) With dimethylaniline hydrochloride. Ethyl a-chlorosulphinoxypropionate (10 §., 
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0-05 mol.) was mixed with dimethylaniline hydrochloride (7-8 g.) as in (a). At 29° the hydro- 
chloride liquefied. The temperature was raised slowly (1 hour) to 97°, and there was a slow 
evolution of sulphur dioxide (2-87 g. Calc.: 3-2 g.) but no hydrogen chloride was evolved. 
The ethereal extract, after being washed with water (which extracted 0-028 g. of chloride ion 
and some sulphur ‘lioxide), yielded ethyl a-chloropropionate (6-5 g., almost theoretical), b. p. 
47°/21 mm., njy* 1-4178, di?* 1-0779. The ether-insoluble residue remained molten and 
retained some sulphur dioxide after standing over concentrated sulphuric acid in a vacuum 
for 12 hours; after several hours over calcium chloride and solid potassium hydroxide, how- 
ever, white dimethylaniline hydrochloride was obtained (7-5 g.) (Found: Cl, 22-2. Calc.: 
Cl, 225%), free from sulphur dioxide. 

The Production of Sulphites——(a) To ethyl lactate (236 g., 2 mols.) mixed with pyridine 
(160 g., 2 mols.) in 200 c.c. of ether at — 10°, thionyl chloride (119 g., 1 mol.) in 100 c.c. of 
ether) was added dropwise with shaking. A pure white precipitate of pyridine hydrochloride 
began to separate at once; this was finally filtered off rapidly and washed with ether (230 g., 
theoretical) (Found: Cl, 30-4. Calc.: Cl, 30-7%). The ethereal solution after being washed 
and dried yielded «-carbethoxyethyl sulphite (258 g., 90%), b. p. 161°/13 mm., 148°/4—5 mm. 
(Ritchie, loc. cit., gives b. p. 168—164°/4 mm.), 720" 1-4400 (Found: S, 11-3. Calc. : S, 11-4%). 

Repetition of this experiment provided convincing evidence that the actual production of 
the sulphite was theoretical. Ritchie (loc. cit.) states that Frankland and Garner’s method 
(J., 1914, 105, 1101) for the preparation of this sulphite gave uncertain results on a larger 
scale; but his own technique—addition of thionyl chloride to a cooled, stirred mixture of 
ethyl lactate and pyridine, followed by heating at 100° for 2 hours—gave a poor yield (25%). 
The low yield was probably due to inadequate mixing causing local heating and formation of 
the chlorosulphinate which reacted with the pyridine. Subsequent heating of the mixture is 
unn A 
(6) Ethyl lactate (0-1 mol.), quinoline (0-1 mol.), and thionyl chloride (0-05 mol.) as in (a) 
gave quinoline hydrochloride (16-3 g.) (Found: Cl, 21-0. Calc.: Cl, 21-4%), and the sulphite 
(13-3 g.), b. p. 162°/15 mm. 

(c) Dimethylaniline (0-1 mol.) yielded the hydrochloride (15 g.) (Found: Cl, 21-9. Calc. : 
Cl, 22-56%), and the sulphite (13-1 g.), b. p. 162°/15 mm. 

(@) The corresponding results for -butyl alcohol (0-1 mol.) are: quinoline hydrochloride 
(16-3 g.), w-butyl sulphite (9 g.), dimethylaniline hydrochloride (15-5 g.), »-butyl sulphite (9 g.). 

(e) »-Butyl chlorosulphinate (39-1 g., 1 mol.) was added slowly to a mixture of /-menthol 
(39 g., 1 mol.) and pyridine (19-7 g., 1 mol.) in 100 c.c. of ether. Precipitation of pyridine 
hydrochloride commenced immediately (Final wt., 29-1 g. Calc.: 28-8 g.) (Found: Cl, 29-5%), 
and the ethereal solution, after being washed and dried, yielded 1l-menthyl butyl sulphite (56 g.), 
b. p. 98—99°/1 mm. To separate the possible stereoisomerides, the product was distilled into 
four fractions : (i) al®’ — 32-0° (1 = 1); (ii) al®’ — 32-1°, di! 1-0056 (Found: S, il ‘5. CH,,0,S 
requires S, 116%); (iii) al® — 32-5°, di” I: 0025 (Found : S, 11-56%); (iv) aif’ — 32-6°: it is 
seen that no separation had occurred. 

(f) a-Carbethoxyethyl n-butyl sulphite (36 g.; 80%), b. p. 141—142°/19 mm. (Found: S, 
13-4. C,H,,0,S requires S, 13-4%) and pyridine hydrochloride (22 g.) (Found: Cl, 29-9%) 
were obtained from 0-2 mol. of ethyl «-chlorosulphinoxypropionate and u-butyl alcohol as 
in (e). During the distillation there was some tendency of the radicals to interchange, n-butyl 
sulphite and a-carbethoxyethyl sulphite being formed (cf. Bourgeois and Casteele, Bull. Soc. 
chim. Belg., 1927, 36, 149). 

Interaction of B-Octanol and Thionyl Chloride.—Thionyl chloride (9 g., 0-5 mol.) in 10 c,c. 
of ether was added dropwise to 8-octanol (19-5 g., 1 mol.) and pyridine (12 g., 1 mol.) in 50 c.c. 
of ether at — 10°. The pyridine hydrochloride (16-7 g.) (Found: Cl, 30-3%) was filtered off 
and the filtrate divided into two equal parts. (a) Thionyl chloride (4-5 g., 0-5 mol.) was added, 
but there was no sign of reaction. After 18 hours pyridine (6 g., 1 mol.) was added at — 10°, 
and a dark red oil (6 g.) containing a $-octylpyridinium compound was slowly deposited. 
The ethereal solution yielded 8-octyl chloride (4-7 g., 43%), b. p. 66-5°/20 mm., dif” 0-8600, 
my” 1-4297. (b) After being washed and dried, this half yielded 6-octyl sulphite (7-2 g)., 
b. p. 192—195°/22 mm., 139°/3 mm., dif 0-9249, ni®* 1-4455 (Found: S, 10-5. Calc.: S, 
105%). Hunter (loc. cit.) prepared this ester (yield not stated) from the same reagents in light 
petroleum without the aid of pyridine, and gave b. p. 183—-134°/1 mm,, di?" 0-9264, 2%, 1-4436. 

B-Octanol (39 g., 1 mol.) in an equal volume of ether was added slowly to thionyl chloride 
(60 g., 1 mol. + excess) in an equal volume of ether at — 10°, the liquid being agitated by a 
stream of dry carbon dioxide. Excess thionyl chloride was removed on the pump; the product 
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(67-9 g. Calc. for B-octyl chlorosulphinate: 63-6 g. Found: SO,, 29-1; Cl, 17-6. C,H,,0,Cis 
requires SO,, 30-1; Cl, 16-7%) was pale yellow and was characterised as follows. (a) 15 G. 
poured on ice yielded f-octanol (7-5 g.), b. p. 85°5°/20 mm., di%° 0-8268, nj" 1-4298, but no 
8-octyl chloride was obtained. (b) 21-2 G. were treated with pyridine (8 g.) in ethereal solution 
at — 10°. 9-2 G. of oil separated, and the ethereal solution yielded 8-octyl chloride (6-1 g., 
41%), b. p. 70°/24 mm., di 0-8630, uli" 1-4293. (c) 10-6 G., heated with pyridine hydrochloride 
at 50—70° for 1-5 hours, yielded 8-octyl chloride (6-0 g., 81%), dif 0-8625, nj” 1-4293, and 
an undistilled oil (2 g.). (d) 10-6 G. gave with formic acid (2 c.c.), SO,, 2:36 g.; HCl, 1-41 g. 
(i.e., SO,: HCl =1:1, and not 1:2 as would be obtained from thionyl chloride); about 
25 c.c. of carbon monoxide, and a liquid, b. p. 79—80°/25 mm., 5-5 g., di 0-8661, probably 
B-octyl formate. ; 

Interaction of Ethyl Mandelate and Thionyi Chloride—Thionyl chloride (3 g., 0-025 mol.) 
in ether, added to ethyl mandelate (9 g., 0-05 mol.) and pyridine in ether at — 10°, pro- 
duced 5-7 g. of pyridine hydrochloride (Found: Cl, 29-9%). There was no apparent action 
when 3 g. of thionyl chloride were added to the ethereal filtrate; but when, 12 hours later, 
pyridine (4 g., 0-05 mol.) was added, an oil separated (6 g.), which was not completely soluble in 
water, but the aqueous solution gave yellow «a-carbethoxybenzylpyridinium ferrocyanide, 
CHPh(CO,Et)-NC,H,[H,Fe(CN),] (Found: Fe, 12-1. (C,,H,sO,N,Fe requires Fe, 12-25%. 
C,,H,,0O,N,Fe,H,O requires Fe, 11-8%). The ethereal solution yielded ethyl phenylchloro- 
acetate (3-5 g., 36%), b. p. 1388—139°/20 mm., nj 1-5187 (Found: Cl, 17-1. Cale.: Cl, 
17-9%). 

Ethyl mandelate (18 g., 0-1 mol.) was added dropwise to thionyl chloride (20 g., 1-75 mols.) 
diluted with an equal volume of ether, and agitated by a stream of dry carbon dioxide at — 10°. 
After an hour at 16°, the excess thionyl chloride was removed in a vacuum (2 hours), and 
26-8 g. of colourless «-carbethoxybenzyl chlorosulphinate (Calc.: 26-3 g.) were obtained (Found, 
after hydrolysis with cold dilute sodium hydroxide : SO,, 22-8; Cl, 14-6. Cy 9H,,;O,CIS requires 
SO,, 24-4; Cl, 13-5%). 

(a) The chlorosulphinate (13-1 g., 1 mol.) in 20 c.c. of ether was treated with pyridine 
(4 g., 1 mol.) at — 10°. A thick yellow oil (8-5 g.) separated, and all but about 1 g. dissolved 
in water. The aqueous solution gave a yellow ferrocyanide (Found: Fe, 12-2%). The ethereal 
solution deposited no oil on standing with more pyridine (4 g.). It yielded ethyl phenyl- 
chloroacetate (4-6 g., 46%), b. p. 138°/20 mm., #3” 1-5176 (Found: Cl, 17-3%). 

(b) The chlorosulphinate (6-5 g., 1 mol.) was mixed with 100% formic acid (1-2 g., 1 mol.). 
1-248 G. of sulphur dioxide, 0-824 g. of hydrogen chloride (SO,: HCl = ca. 1:1), and about 
20 c.c. of carbon monoxide were evolved. 

(c) The chlorosulphinate (4 g.), dissolved in ether and poured on crushed ice, yielded a 
mixture .of mandelate and ethyl phenylchloroacetate (2-6 g.), b. p. 134°/15 mm., mj” 1-5165 
(Found : Cl, 85%). 

Interaction between Phenylmethylicarbinol and Thionyl Chloride.—The carbinol (12-2 g., 
1 mol.) was added slowly to thionyl chloride (20 g., excess) diluted with 20 c.c. ether as described. 
After 1 hour at 16° and 2-5 hours on the pump, the product (18-5 g.) was pale yellow (Found, 
by cold alkaline hydrolysis : SO,, 15-6; Cl, 18-1. C,H,O,CIS requires SO,, 31-2; Cl, 17-4%). 
This a-phenylethyl chlovosulphinite (8 g.) was treated with pyridine (3 g.) at — 10° in ethereal 
solution. There was no deposition of oil even after 24 hours’ standing, followed by 1 hour's 
refluxing. The ethereal solution, however, gave considerable heat when treated with water, 
sulphur dioxide and hydrogen chloride being evolved. From the ether a-chloroethylbenzene 
(6 g.) was obtained, b. p. 79°/19 mm., mj” 1-5275 (Found: Cl, 24:9. Calc.: Cl, 25-2%). 
Thionyl chloride (4-3 g.), added to phenylmethylcarbinol (9 g.) and pyridine in ether at — 10°, 
produced 8-1 g. of pyridine hydrochloride, which was separated. Addition of 4-3 g. of thionyl 
chloride produced no apparent effect, and after 24 hours, half the solution on treatment with 
water yielded a-chloroethylbenzene (4-7 g.), b. p. 76—78°/15 mm., n° 1-5275 (Found: Cl, 
23-8%); the other half gave about 0-5 g. of oil with pyridine after standing for some days, 
and after working up, a-chloroethylbenzene (4-2 g.), b. p. 75°/14 mm., ni?" 1-5275, was obtained. 

Thionyl Chloride and Secondary Alcohols.—(a) isoPropyl alcohol. (i) By adding the alcohol 
(1 mol.) to thionyl chloride (1-5 mol.) agitated by a stream of dry carbon dioxide at — 5°, 
followed by standing at room temperature for 12 hours, isopropyl chlorosulphinate was obtained 
in 75—80% yield, b. p. 55°/40 mm., di?° 1-2020 (Found: Cl, 25-0; SO,, 44:8. Calc.: Cl, 
24-9; SO,, 44-9%). Voss and Blanke (loc. cit.) give di¥ 1-2005, b. p. 34°/24-5 mm. (ii) The 
chlorosulphinate (28-5 g., 0-2 mol.) was mixed with formic acid (9-2 g., 0-2 mol.), kept at room 
temperature for 3 hours on the absorption apparatus, and then warmed at 70° for 10 minutes. 
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Sulphur dioxide, 11-6 g., and hydrogen chloride, 6-3 g., were evolved and the residue on dis- 
tillation gave isopropyl formate, b. p. 67—68°, di" 0-8801; yield 88% (Found, by saponific- 
ation: M, 88. Calc.: M, 88). (iii) The chlorosulphinate and pyridine, mixed at — 10° 
and removed from the cooling bath, warmed rapidly, reacted vigorously, and emitted sulphur 
dioxide and isopropyl chloride. (iv) The same substances when mixed in ether gave a red 


oil which solidified at — 10°. The aqueous solution of the oil gave isopropylpyridinium ferro- - 


cyanide [Found: Fe, 11-42. (C,H,*C,H,N),H,Fe(CN),,2H,O requires Fe, 11-34%]. 

(b) By the same procedure as (a), sec.-butyl chlorosulphinate was obtained, b. p. 55— 
60°/30—35 mm. (Found, by cold alkaline hydrolysis: Cl, 20-1; SO,, 37-2. Calc.: Cl, 22-6; 
SO,, 40-9%). With pyridine in ethereal solution it gave an oil which yielded yellow sec.- 
butylpyridinium ferrocyanide [Found: Fe, 10-88. (C,H,°C;H,N),H,Fe(CN),,2H,O requires 
Fe, 10-72%]. 

The Precipitation of Pyridine Hydrochloride by the Interaction of Hydroxy-compounds and 
Phosphorus Halides in the Presence of Pyridine in Ethereal Solution.—(a) Phosphorus trichloride 
(6-8 g., 1 mol.) in 20 c.c. of ether was added slowly to a well-shaken solution of »-butyl alcohol 
(11-1 g., 3 mols.) in 80 c.c. of ether and pyridine (12 g., 3 mols.) at — 10°. A crisp white pre- 
cipitate of pyridine hydrochloride (Found : Cl, 30-5%) formed at once and continued to separate 
until addition was complete (yield, 17-3 g.; 100%). Addition at room temperature of more 
phosphorus trichloride to part of the ethereal filtrate had no apparent effect. An aqueous 
extract of the other part produced only a faint cloudiness with silver nitrate. 

(b) Phosphorus oxychloride (7-7 g., 1 mol.) in 10 c.c. of ether, added slowly to n-butyl 
alcohol (11-1 g., 3 mols.) in 50 c.c. of ether and pyridine (12 g., 3 mols.), also gave the hydro- 
chloride (16-5 g. Calc.: 17:°3.g. Found: Cl, 30-1%). 

(c) Phosphorus trichloride (4-1 g., 1 mol.) in 10 c.c. of ether, added to B-octanol (11-7 g., 
3 mols.) and pyridine (7-2 g., 3 mols.) in 40 c.c. of ether, behaved similarly (hydrochloride, 
10-0 g. Calc.: 10-35 g. Found: Cl, 30-1%). Further addition of the trichloride to the 
filtrate effected no apparent change. 

(d) Phosphorus oxychloride (4-6 g., 1 mol.), B-octanol, and pyridine [as in (c)] reacted less 
rapidly (hydrochloride, 8-9 g. Calc.: 10:35 g. Found: Cl, 29-5%). Further addition of 
oxychloride to the filtrate produced no noticeable effect. 

(e) Phosphorus trichloride (2-05 g., 1 mol.) in 10 c.c. of ether, added to ethyl mandelate 
(8:1 g., 3 mols.) in 40 c.c. of ether and pyridine (3-6 g., 3 mols.), also gave the hydrochloride 
(61g. Calc.: 52g. Found: Cl, 30-05%). The filtrate did not appear to react with more 
trichloride. 

Ethyl a-Chlorosulphonoxypropionate and Tertiary Bases.—In an attempt to prepare a-carb- 
ethoxyethyl n-butyl sulphate by addition of n-butyl chlorosulphonate (17-1 g.) to an ethereal 
solution of ethyl lactate (11-8 g.) and pyridine (8 g.), the white granular precipitate first obtained 
turned into a thick paste which could not be filtered, and the decanted ether yielded, after 
being washed and dried, -butyl chloride (4-3 g.), b. p. 70—77°, and a residue (4-6 g.) which 
could not be distilled. The white paste appeared to be pyridine sulphate, but since Baum- 
garten (loc. cit.) had prepared pyridine-sulphur trioxide, C,H,N,SO,, from ethyl chlorosulphonate 
and pyridine, and Willcox (loc. cit.) had prepared the corresponding dimethylaniline compound 
similarly, it appeared desirable, not only to include quinoline in the series, but also to extend 
the method of Bushong (Amer. Chem. J., 1903, 30, 212) and that of Levaillant (Ann. Chim., 
1936, 6, 461) for the preparation of alkyl chlorosulphonates to a typical hydroxy-ester. Dry 
chlorine was passed into a-carbethoxyethyl sulphite (75-5 g.) in a wash bottle surrounded with 
ice-water until the correct increase in weight for the reaction, R,SO, + Cl, = RCI + R-O*SO,Cl, 
had been obtained (6 hours). On distillation, two fractions were obtained: (i) b. p. 50— 
56°/23 mm., 33-1 g.; (ii) b. p. 88—95°/2 mm., 54 g. Fraction (i) yielded ethyl a-chloropro- 
pionate after being washed aa dried, b. p. 47°/19 mm.; and (ii) gave ethyl a-chlorosulphonoxy- 
propionate, b. p. 90—-92°/2 mm., 43 g. (Found: Cl, 16-5. C,H,O,CIS requires Cl, 16-4%). 
The same compound (Found: Cl, 16-3%) was also prepared by adding ethyl lactate (11-8 g.) 
to sulphuryl chloride (14 g.) agitated by a stream of dry air and cooled at first at — 10°, the 
temperature being allowed to rise to that of the room towards the end. The product was 
diluted with chloroform, washed rapidly with ice-water, dried over sodium sulphate, and 
worked up as usual; b. p. 90—92°/2 mm. (14 g., 65% yield). 

To the chlorosulphonate (10 g.) in 30 c.c..of dry ether, pyridine (4 g.) in 10 c.c. of ether 
was added at — 10°. A white crystalline precipitate formed immediately, and was finally 
collected (4-5:g.); it gave no reaction for chloride, dissolved fairly slowly in water, and gave 
a copious precipitate with barium chloride (Found: S, 19-6. Calc. for CsH,N,SO,: S, 20%. 





















































230 Simpson: The Triterpene Group. Part VI. 


Calc. for C,H;N,H,SO,: S, 18%). The ethereal solution yielded ethyl «-chloropropionate, 
b. p. 48°/22 mm. (5-8 g., 85%), nz” 1-4171, de 1-0778. 

The chlorosulphonate (11 g.) in 20 c.c. of dry ether at — 10° was treated with quinoline 
(6-5 g.). A white crystalline precipitate (7-8 g.) formed much more slowly than with pyridine. 
It dissolved slowly in cold water, rapidly in hot water, gave a decided reaction for sulphate, 
and a slight one for chloride. After being washed quickly with ice—water, it was left for 24 hours 
in a vacuum desiccator over phosphoric oxide (Found: S, 15-0. Quinoline—sulphur trioxide, 
C,H,N,SO, requires S, 15-3%). If the washing with ice-water is not rapidly carried out, 
quinoline sulphate (Calc.: S, 141%) is formed: one specimen contained S, 14-0%, even after 
prolonged desiccation. The ethereal solution after being washed and dried yielded ethyl 
a-chloropropionate, b. p. 45°/16 mm., 6-2 g., 3° 1-4179. 

Interaction of Carbonyl Chloride and Ethyl Lactate in the Presence of Pyridine.—Carbonyl 
chloride (24-8 g., 0-25 mol.) in 400 c.c. of toluene was added to a mixture of ethyl lactate (59 g., 
0-5 mol.) and pyridine (40 g., 0-5 mol.) in toluene (80 c.c.) at — 10°. Precipitation of pyridine 
hydrochloride commenced forthwith and continued until the end of the addition. It was 
filtered off immediately (54 g. Calc.: 57 g. Found: Cl, 303%). The toluene solution was 
washed and dried, and, after the removal of the toluene at 50—60°/40 mm., a-carbethoxyethyl 
carbonate (58 g., 90%) was obtained, b. p. 110—110-5°/1 mm., n}®* 1-4280, dj? 1-1280, di 
1-1080 (Found: C, 50-2; H, 6-8. C,,H,,0, requires C, 50-4; H, 6-9%). Ritchie (loc. cit.) 
obtained poor yields of the corresponding carbomethoxy-ester from carbonyl chloride (1-0 mol.), 
methyl lactate (2 mols.), and pyridine (2 mols.). With 1-4 mols. of carbonyl chloride, followed 
by heating at 100° for 2 hours, he obtained a 40% yield of the carbonate and 20% of methyl 
a-chloropropionate, the latter probably being due to intermediate formation of the chloro- 
formate owing to local excess of the carbonyl chloride. Waste of this reagent on the side 
reaction would explain why 0-4 mol. excess is necessary to give even a 40% yield of the desired 
product. 

Phenyl Chlorosulphonate and Tertiary Bases.—An attempt to prepare the chlorosulphonate 
by addition of phenol to a cold ethereal solution of sulphonyl chloride led to formation of a 
mixture of chlorophenols (cf. Durrans, J., 1922, 121, 44); the compound was therefore pre- 
pared by the method of Battegay and Denivelle (Compt. rvend., 1932, 194, 1505). No pre- 
cipitates were produced when phenyl chlorosulphonate was added to an ethereal solution of 
pyridine or quinoline, even when n-butyl alcohol was added to the resulting mixture. In 
absence of ether, these bases gave no indication of a reaction when they were mixed with the 
chlorosulphonate. Dimethylaniline, however, did appear to react; a vivid deep blue liquid 
was produced slowly in the cold, rapidly by heating on a water-bath. The resulting oil was 
insoluble in water, soluble in alcohol, giving rise to a blue solution which exhibited a “‘ universal 
indicator ”’ effect, violet (alkali) + yellow (acid), the whole range of colours being shown and the 
effect being reversible. 
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46. The Triterpene,Growp. Part VI. The Oxidation of B-Amyrin 
Benzoate. A New Route to the Thio-compound, C,,H,,OS. 


By James C. E. Simpson. 


The oxidation of §-amyrin benzoate is shown to be considerably more complex 
than would appear from the work of Beynon, Sharples, and Spring (J., 1938, 1233), 
and in consequence cannot be regarded as comparable with oxidations of certain 
derivatives of B-boswellic acid, which give rise to single products in high yield (Simp- 
son and Williams, J., 1938, 1712). In view of this intrinsic dissimilarity, and also in 
consequence of the work of Ruzicka, Miiller, and Schellenberg (Helv. Chim. Acta, 
1939, 22, 758), the criticism of Spring (Chem. and Ind., 1938, 57, 1108) as to the validity 
of the evidence on which the present tentative structure of 6-boswellic acid is based 
(Simpson and Williams, Joc. cit.) is no longer justifiable. 

Treatment of dehydro-B-amyrenyl benzoate with sulphur in boiling benzyl acetate 
yields the benzoate of the thio-compound C,,H,,OS, previously obtained by the 
partial dehydrogenation of $-amyrin; f-amyrenonyl benzoate and §-amyranonyl 
benzoate are unaffected under these conditions. It is shown, by a comparison of the 
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properties of B-amyradienone with those of certain ketones derived frem the thio- 
compound, that the chromophoric group in the latter substance and its derivatives 
cannot consist of a system of two conjugated double bonds. 





It has been stated by Beynon, Sharples, and Spring (J., 1938, 1233) that the oxidation of 
8-amyrin benzoate with chromic anhydride produces the «f-unsaturated ketone ester, 
g-amyrenonyl benzoate, whereas a similar oxidation of 8-amyrin acetate yields ‘‘ B-amyrin 
acetate oxide’’. [The latter compound is now considered on good evidence (Picard, 
Sharples, and Spring, J., 1939, 1045) to be a saturated ketonic acetate, and has in con- 
sequence been re-named $-amyranony]l acetate.] It would therefore appear that the nature 
of the acyl radical attached to C, controls the course of the oxidation at the double bond 
of f-amyrin, despite the fact that this is regarded as being in ring C and consequently in 
a position comparatively remote from C,. 

Using this argument, Spring (Chem. and Ind., 1938, 57, 1108) has questioned the validity 
of certain deductions made by Simpson and Williams (J., 1938, 1712) in connection with 
the structure of 8-boswellic acid. These authors showed that the course of the ethylenic 
oxidation of certain derivatives of this acid is governed by the groups attached to C,, 
and argued that this behaviour suggests a close association of C,; with the double bond, 
thus indicating its location in ring B. 

Inasmuch as additional (although admittedly not conclusive) evidence also supported 
the structure proposed for 8-boswellic acid, the oxidation of the 8-amyrin esters seemed to 
require further investigation. The study of this problem had been in progress for some 
time when it was anticipated in some degree by Ruzicka, Miiller, and Schellenberg (Helv. 
Chim. Acta, 1939, 22, 758), who stated that, contrary to the observations of Beynon, 
Sharples, and Spring (loc. cit.), the oxidation of 8-amyrin acetate is analogous to that of 
the benzoate, and yields B-amyrenonyl acetate and not $-amyranony]l acetate. There is, 
moreover, a considerable discrepancy between the physical constants of $-amyrenonol 
recorded by the Swiss authors and those given by Beynon, Sharples, and Spring (loc. cit.) 
(see Table I). 

The results obtained in this laboratory from the oxidation of B-amyrin benzoate are 
described below. They show that the reaction is exceedingly complex, and that it can in 
no sense be regarded as comparable with the extremely smooth and simple oxidations of 
the 8-boswellic acid derivatives, referred to above, which give rise to high yields of pure 
products. In view of the author’s results and of the work of Ruzicka, Miiller, and Schellen- 
berg (loc. cit.), the criticism of Spring (loc. cit.) can no longer be regarded as justified. 

The experimental conditions which permit of the isolation of pure §-amyrenonyl 
benzoate (by direct crystallisation from acetic acid) appear to be highly critical, for whereas 
oxidations carried out under the exact conditions described by Beynon, Sharples, and 
Spring (loc. cit.) yielded a keto-benzoate of constant m. p. 263—264°, yet comparatively 
slight variations, made in the hope of improving the rather unsatisfactory yield of pure 
material, yielded a mixture which could not be purified by further crystallisation from 
acetic acid. This mixture was shown to consist principally of §-amyrenonyl benzoate 
by its hydrolysis and subsequent acetylation, whereby pure f-amyrenony]l acetate, having 
the constants shown in Table I, was readily isolated. On hydrolysis of either the pure 
keto-acetate or the pure keto-benzoate, §-amyrenonol was obtained with constants (Table I) 
in good agreement with those of Ruzicka, Miiller, and Schellenberg (loc. cit.). In no case 
was a preparation obtained having the physical properties ascribed to it by Beynon, 
Sharples, and Spring (loc. cit.). 

The mother-liquors from the impure §-amyrenonyl benzoate contained appreciable 
quantities of acidic material. This was removed, and the neutral residue hydrolysed and 
acetylated, leading to the isolation in small yield (approximately 2%) of a sparingly 
soluble, levorotatory acetate, m. p. 324°. Ultimate analysis indicated the formula C,,H,,O,, 
which is difficult to reconcile with any feasible structure. The ‘alternative formula 
CypH 590,47 however, is not excluded, and this is supported by the analysis of the related 
alcohol, which gave figures in good agreement with the formula C,,H,,0;.° In view of the 
failure. of this alcohol to give a positive tetranitromethane test, and of the absence, as 
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revealed by spectrographic evidence, of the «$-unsaturated ketonic group, the only struc- 
tures consistent with its molecular formula are those of an a-diketone and a ketonic oxide, 
formed by mechanisms (a) and (b) respectively : 


>C(OH)—CH(OH)—CO— —> >C=C(OH)—CO— 
(a.) 
>cC=CH—CH,— —> >C=CH—CcO— >cH—co—co— 


' (.) 


>C—CcH—Co— 
\ 


Of these alternatives, (6) is to be preferred, since the compound fails to react with alcoholic 
ferric chloride and with o-phenylenediamine, and shows little selective absorption in the 
ultra-violet (inflexion at 2500 A., log « = 3-32; curve II in the figure). 











I. Dehydr yrenyl acetate (m. p. 221°5—223°). 
II. Alcohol, CygH,,O, (m. p. 262—264°). 
III. B-Amyradienone (m. p. 176°5—178°). 
IV. Keto-acetate, Cy,3H yO, (All in alcohol.) 


Methylation and rebenzoylation of the acid fraction (roughly 20% of the total oxidation 
products) gave rise to two further crystalline substances. One of these proved to be a 
methoxyl-free, neutral benzoate, m. p. 293—294°, which gave analytical data suggestive 
of the formula C,,H,;,0,. (This substance was present in extremely small amount; a 
possible reason for its occurrence in the acid fraction is given in the experimental part.) 
The filtrate from this compound contained a crystalline methyl ester, m. p. 230°, which 
failed to react with hydroxylamine acetate in boiling alcohol. Four highly concordant 
analyses gave a mean value (C, 74:5; H, 7-85%) which cannot be reconciled with any 
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molecular formula corresponding to a simple oxidation product. The only formula in 
good agreement with these figures is C,;H;,0,, corresponding to the dibenzoate of an 
(enolised) hydroxy-keto-methyl ester C,,H,,0,, with two uncharacterised oxygen atoms. 
These oxidation products are being further investigated as material accumulates. 

The present work was planned with the additional objective of making a comparative 
study of the partial dehydrogenation of simple oxidation products of 8-amyrin by means of 
sulphur. It was hoped in this way to throw light on the mode of formation from $-amyrin 
of the thio-compound C,,H,,OS, to the importance of which, in connection with the struc- 
ture of the 6-amyrin group of triterpenes, attention has recently been drawn (Simpson, 
J., 1938, 1313; 1939, 755). For this purpose 8-amyranonyl benzoate, m. p. 261°, and 
dehydro-B-amyrenyl benzoate, m. p. 239°, have been prepared. The latter compound was 
obtained from the hitherto unknown dehydro-f-amyrenol, the product of hydrolysis of 
dehydro-8-amyrenyl acetate, which has been shown by Beynon, Sharples, and Spring 
(loc. cit.) to result from B-amyrenonol on reduction, followed by simultaneous dehydration 
and acetylation. The physical constants of the dehydro—acetate prepared in this laboratory 
are not in good agreement with those recorded by Beynon, Sharples, and Spring; they 
appear to vary with small changes in experimental conditions (compare Ruzicka, Miiller, 
and Schellenberg, Helv. Chim. Acta, 1939, 22, 767; Ewen, Spring, and Vickerstaff, J., 
1939, 1303), and are summarised in Table I. The author’s dehydro-acetate, m. p. 221-5— 
223°, showed an absorption maximum at 2820 A., log « = 3-76 (curve I in the figure). 

The action of sulphur on the two new benzoates, and also on §-amyrenonyl benzoate, 
was studied under the improved conditions recently described (J., 1939, 755). Both 
ketonic esters were recovered unchanged * in good yield; dehydro-f§-amyrenyl benzoate, 
on the other hand, was smoothly converted into the benzoate of the thio-compound, the 
identity of which with the product from §-amyrin was established beyond question. 

It is not proposed at this stage to discuss in detail the significance of these results; 
attention is however directed to the fact that the available evidence precludes the possi- 
bility that the dehydrogenation of $-amyrin to the thio-compound involves preliminary 
formation of dehydro-f-amyrenol and subsequent entry of a sulphur atom at some other 
part of the molecule. Such a mechanism, which would be in harmony with the similarity, 
both in position and in intensity, of the maxima of the absorption spectra exhibited by 
the dehydro-f-amyrenyl acetate of Beynon, Sharples, and Spring and (curve IV) the 
keto-acetate C,,H,,O, (the primary product of oxidation of the acetate of the thio-com- 
pound), appears at first glance to be strongly supported by the conversion of the author’s 
dehydro-8-amyrenyl acetate into the thio-compound. This hypothesis would however 
imply the presence of two conjugated double bonds in the keto-acetate C,,H,,O,, and this 
is excluded by previous observations (Simpson, Joc. cit.), which indicate that the thio- 
compound hf its oxidation products are saturated substances. 

In a detailed study (to be communicated later) of the behaviour of the oxidation pro- 
ducts of the thio-compound towards unsaturation tests, it has been found that, although 
all the products so far prepared give completely negative tetranitromethane reactions 
(except the unsaturated dihydroxy-acid Cy9H;90,), weakly positive responses to the 
Liebermann-Burchard test are given by substances in which there is a hydroxy- or an 
acetoxy-group on C,. These weak reactions are ascribable to dehydration (preceded by 
hydrolysis if necessary) in the strongly acid medium employed, with consequent production 
of unsaturation, and are entirely inhibited by conversion of the C,-group into carbonyl; 
for example, the C,-ketones C,,H,,0, and C,5H,,O, [compounds (V) and (VIII); J., 1939, 
755] give completely negative Liebermann-Burchard reactions. In order to compare the 
colour reactions of the “‘ thio-compound series ” with those of a $-amyrin derivative in 
which no participation in the Liebermann—Burchard test by the C,-group should be possible, 
dehydro-f-amyrenol (m. p. 221-5—223°) has been converted into a ketone, B-amyradienone 


* Boiling quinoline, likewise, is without effect on ep sr benzoate (observation of Miss T. 
Sen-Gupta in this laboratory), thus indicating that the conversion of keto-acetyl oleanolic acid under 
these conditions into the keto-acetate, C,,;H,,O,, m. p. 208—210° (Ruzicka, Cohen, Furter, and Sluys- 


Veer, Helv. Chim. Acta, 1938, 21, 1735), involves the loss of carbon dioxide and hydrogen without 
migration or elimination of alkyl groups. 
R 
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(yield, 25—30%), which shows selective absorption at 2540 and 2860 a., log « = 3-18 
(curve III). 

f-Amyradienone gives strongly positive tests for unsaturation, and the complete 
contrast between this behaviour and that of the C,-ketones, Cg9H,.O, and C3 9H,,0,, 
derived from the thio-compound leads to the seemingly inescapable conclusion that the 
chromophoric group in the thio-compound and its derivatives cannot consist of a con- 
jugated system of two double bonds. A point of interest in this connexion is that the 
compound C,,H,,0, (from methyl O-acetyloleanolate and selenium dioxide; Ruzicka, 
Grob, and Sluys-Veer, Helv. Chim. Acta, 1939, 22, 788) is strongly unsaturated towards 
tetranitromethane, and yet virtually indistinguishable, spectrographically, from the keto- 
acetate C,.H,,O, derived from the thio-compound. 

The author is indebted to Dr. R. A. Morton for the spectrographic determinations 
recorded in the figure. 


TABLE I. 
f-Amyrenonyl f-Amyrenonyl Dehydro-f-amyrenyl 
acetate. benzoate. acetate. 


f-Amyrenonol. 
M. p. [alp. M. p. [a]p. M. p. " M. p. [e]p. 
175° +113° 260—261° -+158° 265° 208—209° +331° (1) 
230—231 102 264—265 _ 262—263 — — (2 
233—234 104 261—262 97 263—264 oa {e) 216—217 319 
b) 221-5—223 221 (3) 
(1) Beynon, Sharples, and Spring, Joc. cit. (2) Ruzicka, Miiller, and Schellenberg, Joc. cit.; m. p.’s 
corrected. (3) This paper. 
EXPERIMENTAL. 


(Melting points are uncorrected; specific rotations were measured in chloroform solution.) 

Oxidation of B-Amyrin Benzoate-—A suspension of the benzoate (10 g.) in glacial acetic acid 
(450 c.c.) was treated under reflux with a solution of chromic anhydride (7 g.) in water (30 c.c.) 
and acetic acid (30 c.c.), added drop by drop during 35—45 minutes; a clear solution resulted 
after approximately one-quarter of the reagent had been added. When the addition was 
complete, the solution was refluxed for a further 4 hour and then completely precipitated with 
water. Recrystallisation of the crude material from a boiling saturated solution in aqueous 
acetic acid gave a product (A) which crystallised in plates, m. p. 255—260° (yield, 50%), and 
gave no depression in m. p. when mixed with authentic B-amyrenonyl benzoate (prismatic 
needles, m. p. 263—-264°, prepared by the method of Beynon, Sharples, and Spring; yield, 
30—35%); an appreciable depression was however observed when it was mixed with 6- 
amyranonyl benzoate. The melting point could neither be sharpened nor raised appreciably 
by further crystallisation from glacial acetic acid. 

Product (A) was hydrolysed under reflux for 3—3} hours with 9% benzene-alcoholic potas- 
sium hydroxide solution (20 vols.), and the product isolated by concentration, precipitation 
with water, and extraction with ether. Evaporation of the washed and dried extract gave a 
crystalline residue, which separated from aqueous alcohol in soft needles, m. p. 206—208°, 
unchanged by further crystallisation. The crude acetate, obtained by refluxing this material 
for } hour with 8—10 times its weight of acetic anhydride, had m. p. 215—235°, and was highly 
soluble in alcohol. By digestion with methanol a main fraction, sparingly soluble in alcohol, 
was obtained; this was fairly pure f-amyrenony]l acetate {needles, m. p. 255—257°, [aj + 95° 
(t = 1, ¢ = 3-57)}. Two or three crystallisations from ethyl acetate yielded the pure acetate 
in stout, blunt needles, m. p. 261-5—262-5°, [aJ}” + 96° (1 = 1, c = 2-12). The acetate was 
also readily isolated by acetylation of the material contained in the mother-liquor of the alcohol 
mixture of m. p. 206—208°. 

Acetate, Cs,H,,O,.—The filtrate from product (A) was precipitated with water and extracted 
with ether. An acid fraction (B) was removed from the ethereal extract by means of 3% 
sodium hydroxide solution; the neutral solution was then washed with water and evaporated. 
The residue was refluxed for 6 hours with a large excess of benzene—alcoholic potash (10%) ; 
water was then added, and the suspension extracted with ether.* The extract was washed 
with dilute hydrochloric acid and water, dried, and evaporated, and the residual red resin 
(30—35% of the total oxidation products) was refluxed for 4 hour with acetic anhydride (3 

* In some experiments the preliminary washing with 3% sodium hydroxide solution was omitted, 
the removal of the acid fraction and hydrolysis of the neutral benzoates being effected in one stage 
with hot alkali. 
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parts by weight). On cooling, a crystalline product rapidly separated, part of which was 
sparingly soluble in ethyl acetate. Continued recrystallisation of this fraction from benzene— 
ethyl acetate furnished the new acetate in small rods, m. p. 322—324° after preliminary sinter- 
ing, [a] — 110° (i = 1, c = 3-34). The compound gave a very faint coloration with tetra- 
nitromethane in chloroform (Found: C, 77:2; H, 9-6. C,,H,,9O, requires C, 77-0; H, 10-1. 
CygH,,O, requires C, 77-3; H, 9°75%). 

Alcohol, Cy,H,,03.—A solution of the foregoing acetate (150 mg.) in hot benzene (3 c.c.) 
was refluxed for 6 hours with 0-ln-alcoholic potassium hydroxide (15 c.c.). The alcohol, 
isolated by precipitation with water and extraction with ether, separated after six crystallisations 
from methanol in well-formed needles, m. p. 284—285°, which gave negative reactions with 
tetranitromethane in chloroform and with ferric chloride (Found: C, 78-7; H, 10-5. C3,H,,0, 
requires C, 78-9; H, 10-6%). The mother-liquors contained considerable amounts of lower- 
melting material, and in a different experiment the alcohol (from another hydrolysis) melted 
constantly at 262—-264°. This preparation also crystallised in needles; a mixture of it with 
the product of higher m. p. melted intermediately. 

The lower-melting modification was heated for an hour at 155—160° with o-phenylene- 
diamine; the recovered material had m. p. 273—275° (needles from methanol) and gave no 
depression in m. p. when mixed with either the higher- or the lower-melting form. 

Isolation of Compound, Cs,H,,O,, and Methyl Ester, m. p. 230°.—The acid fractions (B), 
which were obtained by the action of both cold and hot sodium hydroxide, were combined 
and acidified with hydrochloric acid, and the precipitated resinous acids (8-8 g.; 20—25% of 
total oxidation products) collected with ether. After treatment with diazomethane in ethereal 
solution and standing for 2 days, a crystalline product (0-6 g.), very sparingly soluble in ether, 
had separated. This was removed and treated with benzoyl chloride (1 c.c.) in pyridine (6 c.c.) 
on the steam-bath. The product, isolated in the usual manner, was a mixture, which was 
resolved by means of benzene-alcohol into (a) a small amount of a sparingly soluble * compound 
which formed small dull needles, m. p. 298—294°, and gave no coloration with tetranitromethane 
in chloroform (Found: C, 79-9; H, 9-25; OMe, nil. C,,H,,O, requires C, 79-5; H, 9-0%), 
and (b) a soluble methyl ester (main fraction), which separated from methyl alcohol containing 
a little acetone in heavy brittle cubes or prisms, m. p. 228—229°, [a]#* + 16-7° (1 = 1, c = 3-62) 
(Found: C, 74-4, 74-7; H, 7-8, 7-9; OMe, 5-0. C,,H,,O, requires C, 74-5; H, 7-8; OMe, 
43%. CsgH,,O, requires C, 74-0; H, 7-85; OMe, 5-0%). The tetranitromethane reaction 
was negative. 

The ethereal mother-liquor containing the non-crystalline esters was evaporated, and the 
residue benzoylated in pyridine solution. A solution of the product, isolated in the usual 
manner, in methyl alcohol first deposited some resinous matter, which was removed, and then 
slowly crystallised. The product (0-4 g.) was crystallised from methyl alcohol-ether and then 
from methyl alcohol and a little acetone, yielding glassy tablets of the above methyl ester, 
m. p. 229—230° (Found: C, 74-5, 74-4; H, 7-85, 7-85%). 

B-Amyranonyl Benzoate——S-Amyranonol [1-5 g., prepared by Spring’s method (J., 1933, 
1345)] was heated for 1 hour at 100° in pyridine (3 c.c.) and benzoyl chloride (2-5c.c.). After 
standing over- night, the product was treated with methyl alcohol, and the precipitated benzoate 

from acetone; it separated in brittle glassy rectangles, m. p. 260-5—261-5°, 
> + 73° @=1, ¢ = 2-21) (Found: C, 81-5; H, 10-0. C,,H,,O, requires C, 81-3; H, 
10- 0%). 

f-Amyrenonol.—This compound was prepared by hydrolysis under reflux (a) of authentic 
f-amyrenonyl benzoate (5 hours with 10% benzene—alcoholic potash), and (b) of B-amyrenonyl 
acetate (7 hours with 5% benzene-alcoholic potash), which was obtained from product (A) as 
already described. All preparations crystallised from aqueous methanol or ethanol in hair- 
like needles, m. p. 233—234°, [a] $f + 104° (J = 1, c = 4-14). On continued recrystallisation 
from aqueous methanol the m. p. fell to 212—214° after preliminary sintering, and was unchanged 
by further crystallisation; this low-melting modification formed soft needles. Treatment 
of 8-amyrenonol (ex benzoate) with boiling acetic anhydride gave the acetate, m. p. 259—260°, 
[a] + 161° (7 = 1, c = 1-68). 

Dehydro-B-amyrenol.—(a) The reduction of B-amyrenonol (1-25 g.) was carried out by the 
method of Beynon, Sharples, and Spring (Joc. cit.). The crude reduction product was crystallised 
once from alcohol; it then had m. p. 195—2065° (small prismatic needles), and gave a lemon- 
yellow coloration ‘with tetranitromethane in chloroform. Without further purification, this 
material was refluxed with approximately its own weight of fused sodium acetate in acetic 
* This is possibly a lactone which had previously been saponified by the treatment with hot alkali. 
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anhydride (9 parts) for 2} hours. The crystalline product (m. p. 180—190°) which separated 
on cooling could not be purified by crystallisation from slightly aqueous acetic acid, but readily 
- yielded dehydro-$-amyrenyl acetate, m. p. 216—217°, [a] § + 319° (1 = 1, c = 1-88), on re- 

peated crystallisation from benzene-alcohol (clusters of needles). The compound gave an 
intense brown coloration with tetranitromethane in chloroform (Found: C, 82-4; H, 10-8. 
Calc. for CygH.,0,: C, 82-3; H, 108%). Hydrolysis of the acetate with excess of boiling 
0-1n-alcoholic potassium hydroxide for 3 hours gave dehydvo-B-amyrenol, which separated from 
acetone in well-formed needles, m. p. 209—211° after sintering at 203° (Found: C, 84-9; 
H, 11-3. CggH,g,gO requires C, 84-8; H, 11-4%). 

(b) In the course of the reduction of a larger quantity (6 g.) of B-amyrenonol, the sodium 
was added during 1? hours. The crude reduction product, after treatment with acetic anhydride- 
sodium acetate, furnished the dehydro-acetate (from benzene-alcohol) in inch-long, flattened 
needles, m. p. 221-5—223°, [a]? + 223°, + 222°, + 218° (i = 1, c = 1-68, 1-38, 1-13) (Found: 
C, 82-5; H, 110%). Hydrolysis of this preparation (44 hours under reflux) with 0-5n- 
alcoholic potassium hydroxide gave a product which formed needles from acetone, m. p. 188— 
190°, clearing at 200°, and raised to 195—197° (clear at 208°) by recrystallisation. The melting 
point of this preparation was not appreciably changed after 5 hours’ heating at 130°/0-1 mm. 
Reacetylation of the (not recrystallised) material gave a quantitative yield of the acetate, 
m. p. and mixed m. p. 222—223°. 

Dehydro-B-amyrenyl Benzoate.—Dehydro-fB-amyrenol [0-5 g., prepared by method (b) 
above] was heated for 14 hours at 100° with pyridine (3 c.c.) and benzoyl chloride (0-5 c.c.). 
After starfiding over-night, the solvent was removed under reduced pressure, and the residue, 
after digestion with methyl alcohol, was crystallised from benzene—alcohol, dehydro-B-amyrenyl 
benzoate being obtained in large, heavy, shining laminz, m. p. 238—239°, [a]? + 219° (/ = 1, 
¢ = 2-21) (Found: C, 84:1; H, 10-3. C,,H,,0, requires C, 84-05; H, 9-9%). 

B-Amyradienone.—Dehydro-8-amyrenol [method (b); 400 mg.] was dissolved in hot acetic 
acid (50 c.c.) and water (5 c.c.). The solution was cooled to 40—45° (a small amount of the 
solute crystallised), and treated during 50 minutes at this temperature with a solution of chromic 
anhydride (0-15 g.) in water (0-5 c.c.) and acetic acid (5-5 c.c.) with mechanical stirring. The 
suspension had cleared when roughly one-third of the reagent had been added, and was still 
susceptible to further rapid oxidation under the same conditions even when the addition was 
complete. After 20 minutes, methyl alcohol was added, the solvent removed under reduced 
pressure, and the residue treated with water and extracted with ether. Evaporation of the 
washed and dried extract (which contained no acidic material) gave a resin, which crystallised 
(m. p. 140—145°) from slightly diluted methanol. After several crystallisations, B-amyradienone 
separated in small prismatic needles, m. p. (constant) 170—171°, [a]#” + 108° (1 = 1, c = 1-20) 
(Found: C, 84-7; H, 11-3. Cg ggH,,O requires C, 85-2; H, 11:0%). The compound gave an 
intense, deep yellow colour with tetranitromethane in chloroform, and the Liebermann—Burchard 
reagent produced an immediate, intense, purplish-crimson coloration. In another experiment, 
performed under strictly analogous conditions, the ketone (from 300 mg. of the alcohol) separated 
in needles, m. p. (constant) 176-5—178° (Found: C, 84-8; H, 11-3%). 

The oxime of the ketone (m. p. 171°), prepared in the usual manner, separated from alcohol 
containing a little benzene in shining platelets or prismatic needles, m. p. 268-5—270° (efferv.) 
(Found: C, 81-8; H, 11:2; N, 3-2. Cs 9H,,ON requires C, 82-3; H, 10-8; N, 3-2%). 

Thio-compound, Cs,H,,OS, from Dehydro-B-amyrenol.—300 Mg. of dehydro-f-amyrenyl 
benzoate were refluxed under nitrogen for 34 hours with sulphur (150 mg.) in benzyl acetate 
{lc.c.). The product was precipitated with methyl alcohol, and, without purification, hydrolysed 
under reflux in benzene (5 c.c.) with 10% alcoholic potassium hydroxide (10 c.c.) for 2 hours; 
the product was then isolated by ether extraction and crystallised once from methyl alcohol. 
Its identity with the thio-compound derived from §-amyrin was established by its conversion 
into the acetate, which formed needles, m. p. 196—197° (197—-198° when mixed with an authentic 
specimen); by the hydrolysis of the acetate into the free alcohol, m. p. 198—199° alone and 
on admixture with authentic material; and finally by the preparation of the benzoate, m. p. 
and mixed m. p. 226—227°. ‘ 

Attempted Dehydrogenation of B-Amyrenonyl and B-Amyranonyl Benzoates.—(a) B-Amyrenonyl 
benzoate (500 mg.) and sulphur (250 mg.) were refluxed in benzyl acetate (1-5 c.c.) for 4 hours 
under nitrogen. The product, isolated by the addition of methyl alcohol, was freed from sulphur 
and coloured impurities by hydrolysis with benzene—alcoholic potassium hydroxide (10%). 
The $-amyrenonol so formed was isolated by extraction with ether, and identified by the pre- 
paration of the acetate, m. p. 258—259° (260-5—261-5° when mixed with authentic B-amyr- 
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enonyl acetate), and of the benzoate, which crystallised in lamine, m. p. 258-5—259-5°, from 
benzene-alcohol; this is presumably a polymorphic modification, for it gave no depression 
when mixed with authentic B-amyrenonyl benzoate (prismatic needles) of m. p. 263—264°. 

(b) The procedure with $-amyranonyl benzoate (500 mg.), and the identification of the 
product, were carried out exactly as in (a). The benzoate had m. p. 260-—-261° alone and 
mixed with authentic B-amyranonyl benzoate, and the acetate melted at 300—302°. 8B- 
Amyranonyl acetate, prepared by Spring’s method (loc. cit.), melted (after recrystallisation 
from benzene—alcohol) at 297—-299° (sintering at 290°), and a mixture of the two samples at 
299—301°. The oxidation product thus appears to contain a small amount of impurity which 
is removed by the treatment with sulphur. 


UNIVERSITY OF LonpDon, KinG’s COLLEGE. [Received, July 25th, 1939.] 





47. Polysaccharides. Part XXXIX. The Constitution of Certain 
Levans formed by Bacterial Action. 


By R. R. Lyne, S. Peat, and M. STAcEy. 


The polysaccharides produced from sucrose by three different organisms, namely, 
B. megaterium, Bact. pruni and Bact. prunicola, are polyfructoses of the levan type. 
From an examination of the products of hydrolysis of the methylated levans it was 
demonstrated that each levan could be structurally represented by a terminated 
chain of 10—12 contiguous fructofuranose units mutually linked through positions 2 
and 6 as in the levan formed by B. subtilis; thus certain differences in properties 
between the levans were probably due to varying degrees of aggregation of the “ re- 
peating unit.” Anomalies in the optical rotations of levan acetates have been shown 
to arise from incomplete acetylation of the levan. 


In an endeavour to determine whether plant-gums of the type of cherry- or damson-gum 
are of plant or of microbiological origin numerous attempts have been made in these labora- 
tories to cultivate, in artificial media, organisms isolated from these gums or from the bark 
of infected trees. Occasionally certain of these organisms were able to produce poly- 
saccharides, but in such cases the products were invariably polyfructoses of the levan type 
and not complex gums. 

Levans formed from sucrose by the action of B. subtilis and B. mesentericus were isolated 
in purified form and in considerable quantities by Harrison, Tarr, and Hibbert (Canadian 
J. Res., 1930, 3,449). The chemical structure of these “‘ bacterial ”’ levans, which are water- 
soluble, acid-labile analogues of inulin, was studied by Hibbert, Tipson, and Brauns 
(ihid., 1931, 4, 221) and investigated in greater detail by Challinor, Haworth, and Hirst 
(J., 1934, 676). Levans of a similar, if not identical, constitution are widely distributed 
in plants and they appear to represent the form in which carbohydrate is stored in certain 
species. Certain of these levans have been investigated previously (see, ¢.g., Challinor, 
Haworth, and Hirst, J., 1934, 1560; Haworth, Hirst and Lyne, Biochem. J., 1937, 31, 
786; Schlubach e al., Annalen, 1936, 130, 523; 1937, 532, 191). Further interest in 
levans arose when Cooper and Preston (Biochem. J., 1935, 29, 2267), during the course of 
an investigation of polysaccharide synthesis by bacteria, demonstrated that a number of 
micro-organisms, particularly those in the plant-pathogen group, were able to produce from 
sucrose acid-labile polyfructoses of the levan type. 

For the purpose of the present investigation quantities of levans were prepared from 
sucrose by the action of three different organisms (Cooper and Preston, /oc. cit.). Those 
employed were: (a) B. megaterium, an aerobic bacillus closely related to the B. subtilis 
group; (b) Bact. pruni (Phytomonas prunt), the plant pathogen which causes “ black 
spot ’” and canker in peaches, plums, etc.; (c) Bact. prunicola (Phytomonas prunicola), the 
plant pathogen which is the causative agent of “ bacterial shot wilt ” of the plum tree. 

The levans were purified by repeated precipitation by methyl alcohol from an aqueous 
solution. The rotations of the levans in water were a'most identical and each on hydrolysis 
with dilute acid yielded only fructose residues. Whereas the levans from Bact. prunt and 
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B. megaterium appeared to be identical in physical properties with previously known levans, 
the product from Bact. prunicola was considerably less soluble in water and gave solutions 
of pronounced viscosity and opalescence. 

Previous work (Challinor, Haworth, and Hirst, loc. cit.) has shown that the methylated 
B. mesentericus levan can be structurally represented by (I). 


MeO my ——tac “| o——1n 
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In this formulation the molecular structure is shown to be built up on the plan of 10—12 
contiguous fructofuranose units, mutually linked through positions 2 and 6, forming a 
terminated chain molecule, and its relationship to inulin has been discussed. In the present 
work, carried out separately on each levan, the methods followed closely the lines laid down 
by Challinor, Haworth, and Hirst (loc. cit.). Direct methylation, with sodium hydroxide 
and methyl sulphate, proceeded smoothly to give fully methylated levans which were 
homogeneous and apparently identical with one another. By the “ end-group ” method it 
was found, within the limits of experimental error, that in each case (I) could be taken to 
represent the molecular constitution of the “‘ repeating unit ” of the methylated levan. 
The terminal residue, obtained in 10—12% yield of the scission products, was recognised 
as 1:3: 4: 6-tetramethyl methylfructoside, since it was readily converted into 2:3: 4: 6- 
tetramethyl fructuronamide (Avery, Haworth, and Hirst, J., 1927, 2313). The trimethyl 
methylfructoside constituent was identified by its conversion into crystalline 1:3: 4- 
trimethyl fructose. Such differences of properties as existed between the levans examined 
appeared to be attributable to the different degrees of aggregation of the repeating unit and 
in this respect a parallelism between the mode of constitution of levan and of starch and 
glycogen is apparent (Haworth, Hirst, and Isherwood, J., 1937, 577). 

Challinor, Haworth, and Hirst (loc. cit.) had observed that both the levan formed 
by B. subtilis and that occurring in rough-stalked meadow grass (Poa trivialis) gave acetates 
the rotations of which varied according to the mode of preparation. Similar results had 
previously been recorded by Haworth and Streight (Helv. Chim. Acta, 1932, 15, 609) for 
inulin acetate. Using certain bacterial levans, we have been able to examine the problem 
more closely. The general method used for preparing the levan acetates involved the 
addition of a small quantity of water to dissolve the levan, prior to the addition of the 
acetylating reagents, namely, pyridine and acetic anhydride. It was observed that 
the rotations of these acetates varied in a remarkable manner according to the proportion 
of water present. That these products were not the result of polysaccharide degradation 
was proved by the facts that (a) each acetate on de-acetylation by sodium hydroxide gave 
the original levan unchanged in properties; (b) each acetate on methylation yielded a 
methyl levan identical with that produced directly from the original levan ; (c) each acetate 
on further acetylation by the aqueous pyridine-acetic anhydride method gave acetates 
with rotations which varied according to the amount of water present. A study of the 
acetyl contents of the products revealed the interesting fact that within certain limits a 
decreased quantity of water present in the acetylation mixture gave a product with an 
increased acetyl content and that the more highly acetylated products showed a higher 
positive rotation than those which were incompletely acetylated. For example, a fully 
acetylated levan (OAc, 44-8%) had [«]p +23° in chloroform, whereas an acetylated levan 
with acetyl content of 43-2% showed [a] —13° in chloroform. Each of these acetates 
yielded the same levan on de-acetylation. 


EXPERIMENTAL. 
Bact. Pruni Levan.—The polysaccharide was obtained as a pinkish-white, non-reducing 
powder. Fractionation from aqueous solution by alcohol showed it to be essentially homo- 
geneous, an average sample having ash 3-0%, moisture 5-0%, and showing [«]?” —45° in water. 
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It was labile towards acid reagents inasmuch as heating with n/100-hydrochloric acid at 50° 
changed the specific rotation from [«]?” —40° to [a]? —86° (equilibrium value) in 140 minutes. 
An aliquot portion of the hydrolysate, on warming with phenylhydrazine acetate, gave gluco- 
sazone in quantitative yield, and in a second portion of the hydrolysate, the estimation of total 
reducing sugar by Fehling’s solution and of ketose sugar by Nyn’s method (Chem. Absir., 1925, 
19, 1236) indicated that the levan was constituted of fructose residues only. 

Methylation. The method used was that described by Challinor, Haworth, and Hirst 
(loc. cit.). The product (20 g.) (OMe, 44-8%) was dissolved in chloroform—acetone and separated 
by the addition of light petroleum into the following fractions : 





















Fraction. Weight, g. OMe, %. [a]? in CHCI,. 1p. in m-cresol. 
B” Lin ctbithe doceatocndhesinses 1-0 38-0 —57° 0-18 
FB «ccc deuseb bbe ccvectihiddiees 41 43-7 —57 0-93 (contained 0-5% of ash) 
TAS, ccicincsercedunsepeuineees 11-0 44-9 | — 56 0-31 
Ie 2-0 44-2 —54 0-30 
Vv secoees 1-0 44-3 —654 0-29 






Dentetadions of the chain-length by the methods of Challinor, Haworth, and Hirst (loc. i 
cit.) were carried out on fraction II and on a sample from the combined fractions III, IV, and V. 
No furfural or unsaturated decomposition products could be detected during the operations of 
hydrolysis, glycoside formation, or distillation of these or subsequent fractions described later. 
From fraction II (4-02 g.) the following products were isolated by distillation at 0-01 mm. : 

Fraction. Weight, g. nn. Bath temp. OMe, %. 








1 0-3 1-4450 115° 59-7 
2 0-1 1-4510 115—120 57-1 
3 2-16 1-4570 120—130 51-1 
4 






The estimated jammaah ir teteninategt methylfructoside (contained in fractions 1 and 2) was 

0-385 g. This amount was derived from 4-02 g. of levan and corresponds to a chain length of 

11—12 fructose units. r 
A repetition of the hydrolytic procedure applied to the combined fractions III, IV, and V J 

(6-72 g.) yielded the following monosaccharide fractions : i 


{ 
t 

0:17 1-4610 130 50-2 ; 
i 









Fraction. Weight, g. ne, Bath temp. OMe, %. i 
B" snediadstossvertene loses 0-24 1-4450 130° 60-3 i 
DB cdccondecsecdsssdssnetbe des 19RD 1-4550 130—135 53-7 e 
GD cicscccescovecoresansscbene:: .. SOF 1-4585 135—140 51-2 P 
GD . ncrpeconssoccensegampessate ...0w 1-4612 above 140 49-0 ‘ 





The amount of tetramethyl methylfructoside from this material was estimated to be 0-66 g. a 
and it corresponds to a chain length of 11—12 units, i 

In both cases the tetramethyl methylfructoside was shown to be 1: 3: 4: 6-tetramethyl 
methylfructofuranoside inasmuch as it was converted (in yield comparable with that from 
authentic tetramethyl fructofuranose) into the crystalline amide of 2:3: 4: 6-tetramethyl 
fructuronic acid, m. p. 96° alone or when mixed with an authentic specimen (Avery, Haworth, 
and Hirst, loc. cit.). 

The fractions with i to those of a trimethyl methylhexoside gave, 
on hydrolysis, 1 : 3 : 4-trimethyl fructose, m. p. 72° alone or in admixture with an authentic 
specimen. 

Bact. Prunicola Levan.—This polysaccharide was a white powder, non-reducing in Fehling’s 
solution; it was moderately readily soluble in water, in which it showed [a]p —40° (ash, 18%; 
moisture, 2-2%). It was hydrolysed by n/100-hydrochloric acid at 60°, the rotation ([a], — 40°) 
changing to [a]) —93° in 240 minutes. Estimations of the reducing sugars in the hydrolysate 
by Fehling’s solution and by Nyn’s method proved that the polysaccharide contained only i 
fructose residues. Hydrolysis of the levan with n-acetic acid, followed by the addition of : 
phenylhydrazine, gave glucosazone in quantitative yield. j 

Methylation. Five methylations of Bact. prunicola levan (10 g.) by the method previously . 
indicated gave a methylated product (8 g.) (OMe, 44:5%). 30 G. of material were prepared in 
this way and separated in the usual manner into the following fractions : ; 




















Fraction. Weight, g. OMe, %. [a]p in CHCi,. Nep. in m-cresol. 
1-6 41-0 — 53° insol. 
8-3 43-0 —59 0-6 
12-3 43-0 —59 0-37 
2-6 44:7 —60 Q-33 
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Estimations of the chain length by hydrolysis with acid methyl alcohol, followed by fractional 
distillation of the methylated fructosides so formed, was carried out in the usual way. 

Fraction B (5-06 g.) yielded the following main fractions: (a) 0-27 g., b. p. 110°/0-02 mm., 
ny 1-4465 (OMe, 58:0%); (b) 1-24 g., b. p. 115°/0-02 mm., n>” 1-4515 (OMe, 53-7%); (c) 
2-30 g., b. p. 120°/0-02 mm., 2° 1-4550 (OMe, 509%); residues 1-5 g. The amount of 
tetramethyl methylfructoside contained in (a) and (b) (0-58 g.) was ca. 11% of the weight of 
methylated levan hydrolysed and corresponded to a chain length of 10—11 units. 

Fraction C (10-55 g.) yielded the following main fractions: (a’) 0-55 g., b. p. 110°/0-03 mm., 

ne” 1-4440 (OMe, 590%); (b’) 1-13 g., b. p. 120°/0-04 mm., nf” 1-4480 (OMe, 58-0%); (c’) 
4-92 g., b. p. 125°/0-03 mm., n?” 1-4550 (OMe, 52-0%); residues 4-0 g. (OMe, 500%). The 
amount of tetramethyl methylfructoside in (a’) and (b’) (1-12 g.) was ca. 10% of the weight 
of methylated levan hydrolysed and as before corresponded to a chain length of 10—12 units. 
From both fractions the 1 : 3 : 4: 6-tetramethyl methylfructoside was characterised by con- 
version into 2:3: 4: 6-tetramethyl fructuronamide, and the trimethyl methylfructoside by its 
hydrolysis to crystalline 1 : 3 : 4-trimethyl fructose. 
B. Megaterium Levan.—This polysaccharide resembled closely the Bact. pruni levan in its 
physical properties. It was a water-soluble white powder, [«],) —40°, ash 2-0%, moisture 3-0%. 
After hydrolysis with n-acetic acid, followed by treatment with phenylhydrazine, it yielded a 
quantitative amount of glucosazone. On heating with n/50-hydrochloric acid at 60° its rotation 
[a]p —40° changed to [«]) —85° (equilibrium value) in ca. 30 minutes. 

Methylation. Three treatments by the method previously indicated sufficed to give a 
methylated levan with methoxyl content 446%. A sample (26 g.) was separated into the 
following fractions by addition of light petroleum to a chloroform—acetone solution : 































































Fraction. Weight, g. OMe, %. [a]p in CHCI,. Nep.+ 
BS Saat Lied 1-7 43-0 —55° 0-17 I 
Bs ssesece 10-4 44-0 —57 0-18 ¢ 
3. o cceece 10-4 44-0 —56 0-11 
ba sae 2-6 45-6 —54 0-10 F 
Chain-length determinations were carried out on fractions 2 and 3. From fraction 2 (8-5 g.) 
the following fractions of methylfructosides were obtained : (e) 0-29 g., nj" 1-4440 (OMe, 60-0%) ; t 
(f) 1:25 g., ni* 1-4510 (OMe, 55-0%); (g) 4:5 g., mB 14550 (OMe, 51-0%); (h) 1-33 g., nz 
1-4582 (OMe, 50-0%). The amount of tetramethyl methylfructoside in fractions (e) and (f) 
was 9% of the weight of methylated dextran hydrolysed and corresponded to a chain length of 
12—13 units. From fraction 3 (9-05 g.) the following fructoside fractions were prepared : 
(e’) 0-15 g., nz” 1-4450 (OMe, 61-0%); (f’) 1-68 g., n2” 1-4510 (OMe, 55-0%); (g’) 2-91 g., n2” 
1-4570 (OMe, 52-0%); (h’) 2-17 g., n=” 1-4630 (OMe, 50-0%). The amount of tetramethyl 
methylfructoside (1-09 g.) in (e’) and (f’) was ca. 12% of the weight of the methylated levan 
hydrolysed and corresponded to a chain length of about 10 units. 
In this distillation it was noted that certain fractions (h’ and the residue) were more viscid 
than usual. Accordingly they were combined and subjected to further hydrolysis by contact 
with 0-5% methyl-alcoholic hydrogen chloride during 50 hours at room temperature. The 
product, isolated in the usual way, now distilled readily, had n}" 1-4550, and was shown to be 
1:3: 4+trimethyl methylfructoside. It would appear from these observations that fraction 
(h’) and the residues-contained a difructosan derivative (cf. Haworth, Hirst, and Percival, J., Ti 
1932, 2384). The tetra- and tri-methyl methylfructosides were characterised by the methods th 
previously described. lis 
Levan Acetates.—B. pruni levan acetate. Method I. Levan (1-0 g.) was dissolved in water fre 
(2 c.c,) and pyridine (20 c.c.), and the solution cooled in ice. Acetic anhydride (20 c.c.) was then As 
added cautiously to the well-stirred solution. After being kept for 2 days at room temperature, an 
the gel-like mass was poured into water; acetyl levan then separated as a white powder. It was be 
thoroughly washed with water and dried ina vacuum. Purification was effected by the addition h 
of light petroleum to a solution in chloroform. The acetate had [a], + 20° in chloroform and a 
0-50 (in m-cresol). “. 
Method II. The acetylation was carried out as above, except that the acetylating reagents 
were allowed to react for 8 hours only. The acetate had [«]p +21° in chloroform, »,, 0-59 All 
(in m-cresol). On the addition of light petroleum to a solution of the acetate in chloroform the an 
r following fractions were separated: (A) 4:1% yield, [«]) +21° in chloroform; (B) 31-2% 
f yield, [«]p +21° in chloroform; (C) 28-0% yield, [«]p +21° in chloroform; (D) 20-0% yield, out 
‘ [a]p +21° in chloroform. lut 
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A sample (0-9 g.) on de-acetylation with sodium hydroxide yielded levan (0-33 g.) having 
[«]p —45° in water. This material, when re-acetylated by method II, gave an acetate having 
[«]p +20° in chloroform, whereas another sample, acetylated by method III (below), formed an 
acetate having [«]) —10° in chloroform. 

Acetyl levan prepared by method II on treatment with sodium hydroxide and methyl 
sulphate gave a methylated derivative (OMe, 44-4%) having [a]) —59° in chloroform. 

Method III. This acetylation was carried out by method I, but with the further addition 
of 4 c.c. of water. The reaction was allowed to proceed for 8 hours. The product had [a], 
—10° in chloroform and »,,, 0-44. On fractionation by the addition of ether and light petroleum 
to the chloroform solution the following fractions were separated : 


Fraction ....00scececcesceccceces A B Cc D 
WME HE Wecilek Sli ali 10 44 20 11 
boo ccsobewseses sodecdsectce —10° — 6° — 2° 
On de-acetylation, a sample of this acetate (0-7 g.) gave levan (0-30 g.) having [a], —44° in 
water. This material on re-acetylation by method II gave an acetate having [a], +20° (in 
chloroform), and a further sample on re-acetylation by method III yielded an acetate having 
[«]p —10° (in chloroform). 
B. megaterium Jevan. Comparable results were obtained with the B. megaterium levan. 
A series of acetates was prepared having rotations varying from [a], —26° to [a]p +23° (in 
chloroform) depending upon the amount of water present during the acetylation. Determin- 
ation of the acetyl contents of these products gave the following values : 


[ap of acetate in CHCI, ...... +23? gs He Oe I 80" 
% Acetyl 44-8 44-4 44-4 44-8 44-0 43-2 38-1 36-4 
It would thus appear that incomplete acetylation, due to the presence of an excess of water 
during acetylation, provides the reason for the differences in rotation of the levan acetates. 


Acetyl levan prepared by method III, on methylation in the usual way, gave a methylated 
derivative having OMe 44-2% and [«], —58° in chloroform. 





The authors express their gratitude to Professor W. N. Haworth, F.R.S., for his interest in 
this investigation and thank Dr. P. A. Cooper for preparing the levans. 


Tue A. E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, July-21st, 1939.] 









48. The Separation of $-Picoline, y-Picoline, and 2: 6-Lutidine 
from their Mixture. 


By Aran G. Lipstone. : 


These three bases have been separated as B- and y-picoline oxalates (from alcohol) 
and 2 : 6-lutidine monomercurichloride (from water) in satisfactory yields. 


THE methods available for the preparation of 8-picoline, y-picoline, and 2 : 6-lutidine from 
the “ 6-picoline ” fraction of coal tar bases (b. p. 140—145°) mostly depend on the crystal- 
lisation of complex salts; the crystallisation of dimercurichlorides and/or zincichlorides 
from alcohol is normally employed (e.g., Flaschner, J., 1909, 95, 669; Constam and White, 
Amer. Chem. J., 1903, 29, 4; Meisenheimer, Annalen, 1920, 420, 192, 197; Heap, Jones, 
and Speakman, J. Amer. Chem. Soc., 1921, 48, 1936). 2:6-Lutidine has, however, 
been separated as hydrobromide (Marcuse and Wolfenstein, Ber., 1899, 32, 2526) and as the 
hydrochloride via the ferrocyanide (Koenigs and Happe, Ber., 1903, 36, 2907). In the 
absence of 8-picoline, y-picoline may be obtained by removal of the 2 : 6-lutidine with 
benzaldehyde and zinc chloride (Bailey and McElvain, J]. Amer. Chem. Soc., 1930, 52, 1633). 
All these methods, except the last, which is of limited application, are very laborious 
and uneconomical. 

An expeditious method of separation, giving satisfactory yields, has now been worked 
out. The bases are converted into oxalates and these are crystallised from alcohol; 2 : 6- 
lutidine remains in the initial mother-liquor and is subsequently separated as the mono- 
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mercurichloride (Garrett and Smythe, J., 1902, 81, 454) from dilute hydrochloric acid. 
y-Picoline oxalate (m. p. 137—138°) is readily obtained and contains base and acid in the 
ratio of 4:5; 8-picoline oxalate (m. p. 119—121°), with a ratio of base to acid of 2: 3, 
separates from the mother-liquor somewhat less readily. The rather less satisfactory 
separation of the @-picoline oxalate is probably due to some esterification of the oxalic 
acid, as the mother-liquor on repeated evaporation (under reduced pressure) becomes 


syrupy. 










EXPERIMENTAL. 


“‘ 8-Picoline ’’ was obtained from crude pyridine bases (b. p. 90—155°) supplied by the 
South Eastern Tar Distillers Ltd. of Tonbridge. These were fractionated through a Vigreux 
column (1 m. x 2 cm.) until further fractionation no longer changed the size of the fractions; 
from 1 gallon there were obtained 1900 c.c. of pyridine, b. p. 115—116°, 600 c.c. of «-picoline, 
b. p. 128—129°, 850 c.c. of “‘ B-picoline,” b. p. 142—144°, 550 c.c. of 2: 4lutidine, b. p. 155— 
156°, 400 c.c. of residue, b. p. above 170°, together with about 100 c.c. of total intermediate 
fractions. 

8- and y-Picoline.—100 C.c. of the “ $-picoline”’ fraction were warmed to 80°, 110 g. of 
commercial anhydrous oxalic acid added during 10 minutes, and 150 c.c. of boiling absolute 
alcohol then stirredin. The crystalline mass deposited on cooling was washed with a little alcohol, 
the filtrate and washing being reserved for the preparation of 2: 6-lutidine. The precipitated 
oxalates were twice crystallised from absolute alcohol (solid added to boiling alcohol) without 
filtration; a third crystallisation, the hot solution being filtered (pump), afforded -picoline 
oxalate in large colourless plates of constant m. p. 137—-138°. Evaporation of the mother- 
liquors under diminished pressure gave a mixture of 8- and y-picoline oxalates, which was 
further crystallised. From the more concentrated mother-liquors pure §-picoline oxalate 
separated in small colourless prisms, m. p. 119—121° (constant) after recrystallisation from 
alcohol. Several evaporations caused the mother-liquors to become too syrupy to deposit 
further crystals; from these the bases were recovered (see below) and returned for oxalate 
separation. The use of hydrated oxalic acid, treatment of batches larger than 100 g. at a time, 
and heating solutions for more than the minimum time necessary, seriously diminished the 













































yields. Both oxalates were very readily soluble in cold water and somewhat soluble in cold Ih 
alcohol, yy-picoline oxalate being the less soluble. be 
The bases were obtained from the oxalates by solution in the minimum quantity of water § #5 
and distillation with an excess of 50% potassium hydroxide solution; the distillate was de- § st 
hydrated with solid potassium hydroxide and distilled. 8-Picoline boiled at 144-0°/760 mm. § pr 
(corr.), and y-picoline at 144-6°/760 mm. (corr.). Recovery of the bases was 95—97% of the § tr 
theoretical with 100 g. batches of oxalate. Wi 
The constant-boiling mixtures of the bases and water had the following boiling points: § ¢o 
B-picoline and water, b. p. 96-8°/760 mm. (corr.), and y-picoline and water, b. p. 97-2°/760 mm. 
* (corr.). 
Recovery of bases from oxalate mother-liquors was effected by distilling off as much alcohol ” 
as possible under diminished pressure, diluting the residue with an equal volume of dilute has 
hydrochloric acid, and distilling off the rest of the alcohol under diminished pressure. The . 
residue was cautiously basified with 30% sodium hydroxide solution, and the base separated of 
by steam-distillation. The distillate was fractionated through a 50 cm. Vigreux column; fol 
the constant-boiling mixture of bases with water was separated easily from the excess of water § ME 
and dehydrated with potassium hydroxide, and the bases distilled. cye 
Identification and Analysis of Oxalates—The base, prepared from its oxalate, was converted 
into (a) the dimercurichloride, (b) the picrate, and (c) the corresponding acid by oxidation 
with calcium permanganate: these derivatives were identified by their m. p. Analysis was 
accomplished by distilling 5 g. of the oxalate with 10 c.c. of water and 12 c.c. of 50% potassium § for 
hydroxide solution and determining the base in the distillate by titration with n-sulphuric acid J (25 
with ferric chloride as indicator, and the oxalate in the still residue after acidification by titration J} suc 
with potassium permanganate. wat 






The oxalate, m. p. 119—121°, gave a dimercurichloride, m. p. 147°, picrate, m. p. 148—149°, 
and acid by oxidation, m. p. 234° agreeing with those recorded in the literature for the de- 
rivatives of B-picoline (Found : base: acid = 2; 3). 

The oxalate, m. p. 137—138°, gave a dimercurichloride, m. p. 129—130°, picrate, m. p. 165°, 
and acid by oxidation, m. p. 315°, agreeing with those recorded in the literature for the de- 
rivatives of y-picoline (Found: base : acid = 4: 5), 
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2 : 6-Lutidine—This was separated from the initial mother-liquors from the preparation 


















i. 

e of the oxalates. The recovered constant-boiling mixture with water was used without dehydra- 

3, tion; 200 c.c. of this were mixed with 100 c.c. of concentrated hydrochloric acid and 150 c.c. of 

y water and added to a solution of 200 g. of mercuric chloride in 11. of boiling water. On cooling, 

ic 2 : 6-lutidine monomercurichloride separated; after recrystallisation from water containing 

a5 2% of its volume of concentrated hydrochloric acid, it melted at 187—188°. Further quantities 
were obtained by concentrating the mother-liquors and recrystallising the products. The 
base was obtained by steam-distillation with an excess of 30% sodium hydroxide solution; 
the constant-boiling mixture [b. p. 95-6°/760 mm. (corr.)] was separated by fractionation and 

he dehydrated with potassium hydroxide, and the base distilled, b. p. 144-4°/760 mm. (corr.). 

ux Recovery of bases from the mercurichloride mother-liquors was effected by evaporating 

S ; these to a small bulk, decomposing the salts cautiously with excess of 30% sodium hydroxide, 

1e, and steam-distilling and isolating the bases as in the case of 2 : 6-lutidine. The recovered bases 

— were returned for oxalate separation. 

ute From 700 c.c. of the “ 8-picoline ’’ fraction there were obtained 158 g. of y-picoline, 71 g. of 
f-picoline, 267 g. of 2 : 6-lutidine, and 100 g. of recovered bases (mostly 8-picoline). 

an Tue University CHEMICAL LABORATORY, CAMBRIDGE. [Received, October 16th, 1939.] 
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out 49. Evpimeric Alcohols of the cycloHexane Series. Part III. 

line Glucoside Formation. 

ner- 

was By D. T. C. GiLtespre, A. KILLEN MAcBETH, and J. A. MILLs. 

oe cis- and trans-Forms of alcohols of the cyclohexane series both condense with 

iat bromotetra-acetylglucose to give glucosides. Miescher and Fischer’s generalisation 

late that glucoside formation can be applied as a criterion of tvans-configuration is therefore 

‘ untenable. 

ime, 

ers In a recent paper (Helv. Chim. Acta, 1938, 21, 336) Miescher and Fischer showed that 
borneol reacted with bromotetra-acetylglucose to give the tetra-acetylglucoside, whereas 

rater § *soborneol did not condense. It was further observed that certain epimeric alcohols of the 

; de- § sterol and sex-hormone series showed a similar behaviour, and Miescher and Fischer 

mm. § proceeded to the generalisation that glucoside formation could be applied as a criterion of 

f the § évans-configuration in the series. Ruzicka, Furter, and Goldberg (sbid., p. 498) disagreed 
with this conclusion and adduced evidence to show that the glucoside-forming alcohols 

ints: § could not invariably be regarded as having the é¢rans-configuration. 

‘mm. In the cyclohexane series the steric effect of other rings is absent, and it appeared to us 
that glucoside formation would probably take place with both the cis- and the trans-forms 

i of such alcohols. This expectation has been realised in all the cases examined, and glucoside 

“—' formation cannot therefore be applied as a discriminative test of configuration in the case 

rated of simple epimeric alcohols of the cyclohexane series. The tetra-acetylglucosides of the 

ames: following alcohols were prepared: J-menthol, d-meomenthol, dl-isomenthol, dl-neoiso- 

water § Menthol, cis- and ¢rans-cryptol, cis- and trans-dihydrocryptol, cis- and trans-l-3-methyl- 
cyclohexanol, and cis- and trans-4-methyl- and -4-isopropyl-cyclohexylcarbinols. 

verted 

jation EXPERIMENTAL. 

is was Tetva-acetyl 1-Menthyl-d-glucoside.—Pure J-menthol (6 g.) was shaken at room temperature 

assium § for 60—70 hours with bromotetra-acetylglucose (20 g.) and dry silver oxide (10 g.) in dry ether 

ic acid J (25 c.c.). After filtration and washing of the silver salts with ether, the combined filtrates were 

tration § successively washed with dilute nitric acid and water, and after removal of the ether on the 
water-bath any unchanged menthol was removed by steam-distillation. The residue, recrystal- 

—149°, | lised from dilute methyl alcohol, gave fine needles (11 g.), m. p. 1295°, [a], —90-3° (c 2-02, 

the de-§ alcohol) (Found: C, 591; H, 7-9. Calc.: C, 59-2; H, 785%) (compare Fischer and Raske, 
Ber., 1909, 42, 1469). - 

>. _ Tetva-acetyl d-neoMenthyl-d-glucoside —d-neoMenthol (6 g.), prepared by the Ponndorf 

the de- 


reduction of /+-menthone by the method of Grubb and Read (J. Soc. Chem. Ind., 1934, 53, 521), 
when treated as above, gave the tetra-acetyl glucoside (7 g.), which separated from dilute methyl 
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alcohol in fine needles, m. p. 144-5°, [a]p +3-3° (c 2-073, alcohol) (Found: C, 59-35; H, 7-9. 
Cy4H 3,019 requires C, 59-2; H, 7-85%). 

Tetva-acetyl dl-isoMenthyl-d-glucoside.—dl-isoMenthol, prepared by reduction of dl-piperitone 
(Hughesdon, Smith, and Read, J., 1923, 2918), was purified by crystallisation of the hydrogen 
phthalate (m. p. 106—107°), which on hydrolysis gave the alcohol, m. p. 50—51°. The alcohol 
(1-2 g.) with bromotetra-acetylglucose (4 g.), silver oxide (2-5 g.), and ether (10 c.c.) gave by the 
above treatment the #etra-acetyl glucoside (2 g.) in slightly flattened needles, m. p. 103—105°, 
from methyl alcohol (Found : C, 59-4; H, 8-0. C,,H3;,0,»9 requires C, 59-2; H, 7-85%). 

Tetva-acetyl di-neoisoMenthyl-d-glucoside——The compound of dl-neoisomenthol with phos- 
phoric acid, having m. p. 60° after recrystallisation (thrice) from light petroleum, was prepared 
from the reaction product of the Ponndorf reduction of isomenthone (Read and Grubb, J., 1934, 
316). The alcohol, m. p. 11—12°, obtained on hydrolysis (1-2 g.) was converted into the ietva- 
acetyl glucoside, which on crystallisation from methyl alcohol yielded 2-5 g. having m. p. 128— 
130° (Found : C, 59-4; H, 8-1. C,,H3,0,9 requires C, 59-2; H, 7-85%). 

Tetra-acetyl trans-Dihydrocryptylglucoside.—trans-Dihydrocryptol (10 g.) (Cooke, Gillespie, 
and Macbeth, J., 1939, 518) was condensed in the usual way with bromotetra-acetylglucose 
(20 g.), silver oxide (20 g.), and dry ether (25c.c.). The crude glucoside on recrystallisation from 
dilute methyl alcohol yielded the pure tefra-acetyl glucoside (11 g.) in plates, m. p. 107-5°, [a]? 
— 25-8° (c 1-96, alcohol) (Found: C, 58-3; H, 7-8. C,3H;,0,. requires C, 58-4; H, 7-7%). 

Tetra-acetyl cis-Dihydrocryptylglucoside.—The pure alcohol (above reference), when condensed 
and worked up similarly, gave much the same yield (10 g.) of pure recrystallised tetva-acetyl 
glucoside in fine needles, m. p. 102°, [a]? —32-8° (c 1-93, alcohol) (Found: C, 58-3; H, 7-8. 
Cy3H 3,049 requires C, 58-4; H, 7-7%). 

Tetra-acetyl trans-l-3-Methylcyclohexyl-d-glucoside.—ivans-l-3-Methylcyclohexanol (1-2 g.), 
prepared by hydrogenation of 3-methylcyclohexanone obtained by the hydrolytic decomposition 
of pulegone (Wallach, Annalen, 1896, 289, 340) and purified through the hydrogen phthalate, 
gave, as in the preceding experiments, the pure teiva-acetyl glucoside (1-8 g.), m. p. 103°, [a]? 
—31-5° (¢ 1-97, alcohol) (Found : C, 56-9; H, 7-45. C,,H;,0,, requires C, 56-7; H, 7-25%). 

Tetra-acetyl cis-1-3-Methylcyclohexylglucoside.—cis-l-3-Methylcyclohexanol recovered from 
the hydrogen phthalate crystallisations in the preceding experiment was purified by repeated 
crystallisation of its p-nitrobenzoate. The alcohol obtained on hydrolysis (0-6 g.) yielded on 
treatment the pure éeiva-acetyl glucoside (1-1 g.), m. p. 105°, [a]? —38-9° (c 2-0, alcohol) (Found : 
C, 56-6; H, 7°56. C,,H 3,0. requires C, 56-7; H, 7-25%). 

Tetva-acetyl trans-4-Methylcyclohexylcarbinylglucoside—The pure alcohol (1-5 g.) (Cooke 
and Macbeth, J., 1939, 1245) was shaken with bromotetra-acety!glucose (6 g.), silver oxide 
(3 g.), and dry ether (10 c.c. ). The tetva-acetyl glucoside, worked up in the usual way, crystallised 
from dilute methyl alcohol in long, flat needles (2-4 g.), m. p. 113°, [«]?”” —28-6° (cl 1- 92, alcohol) 
(Found : C, 57-55; H, 7-45. CygH,,0,, requires C, 57-6; H, 7-5%). 

Tetra-acetyl cis-4-Methylcyclohexylcarbinylglucoside.—The cis-alcohol (1:2 g.) (Cooke and 
Macbeth, Joc. cit.) on condensation with bromotetra-acetylglucose (5 g.), silver oxide (3 g.), 
and dry ether (10 c.c.) gave after the usual treatment the tetra-acetyl glucoside (2-0 g.), which 
formed needles from dilute methyl alcohol, m. p. 72—73°, [a]}” —23-4° (c 1-97, alcohol) (Found : 
C, 57-4; H, 7-3. CygH 3,019 requires C, 57-6; H, 7-5%). 

Tetra-acetyl trans-4-isoPropylcyclohexylcarbinylglucoside.—The pure alcohol (1-5 g.) (Cooke 
and Macbeth, Joc. cit.) was shaken for 60 hours at room temperature with bromotetra-acetyl- 
glucose (6 g.), silver oxide (3 g.), and dry ether (10 c.c.). The pure ¢etva-acetyl glucoside was 
isolated from dilute methyl alcohol in needles, m. p. 112°, [a]}® —26-9° (c 2-08, alcohol) (Found : 
C, 59-3; H, 8-0. C,H 3,09 requires C, 59-2; H, 7-8%). 

Tetra-acetyl cis-4-isoPropylcyclohexylcarbinylglucoside.—The pure alcohol (3 g.), bromotetra- 
acetylglucose (12 g.), silver oxide (6 g.), and dry ether (20 c.c.) were shaken for the usual time. 
The pure tetva-acetyl glucoside (6-8 g.), recrystallised from dilute methyl alcohol, had m. p. 103— 
104°, [a] —25-8° (c 1-96, alcohol) (Found: C, 59-25; H, 7-5. C,,H,,0,, requires C, 59-2; H, 
78%). 

Tetra-acetyl trans-l-Cryptylglucoside—-A sample of /-cryptol (4 g.), purified by rigorous 

tion of the p-nitrobenzoate (Galloway, Dewar, and Read, J., 1936, 1595) and having 

[a]p —129-6° (c 2-1, alcohol). was condensed in the usual way with bromotetra-acetylglucose 

(16 g.) and silver oxide (8 g.) in dry ether (25 c.c.). The pure tetra-acetyl glucoside (4-6 g.) 

crystallised from dilute alcohol in large plates, m. p. 99—99-5°, [a]y —80-6° (c 2-27, alcohol) 
(Found: C, 58-55; H, 7-3. C,,;H;,0;9 requires C, 58-7; H, 7:3%). 

Tetra-acetyl cis-l-Cryptylglucoside —A sample of L-cryptol (20 g.) prepared by the Ponndorf 
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reduction of /-cryptone, and having a) —40-4° (homogeneous), was condensed with bromotetra- 
acetylglucose (40 g.) and silver oxide (20 g.) in dry ether (60 c.c.). After the usual preliminary 
treatment unchanged cryptol (10 g.) having a) —49-3° was recovered on steam-distillation. 
The crude residual tetra-acetyl glucoside (17 g.) was dissolved in alcohol, and water added at 
20° until precipitation just occurred. After the solution had been cleared by addition of a 
little alcohol, the mixture was placed in the refrigerator. The crystals collected (5-5 g.) were 
again crystallised in the same way, and a first fraction (2 g.) again collected. This had m. p. 
96—99°, [a]) —83-0° (c 1-87, alcohol), but a further crystallisation from dilute alcohol gave the 
pure tetra-acetyl glucoside in long needles (1-4 g.), m. p. 106-5°, [a]? —90-7°. Recrystallisation 
did not affect these constants. The substance is evidently a tetra-acetyl cryptylglucoside 
(Found : C, 58-8; H, 7-5. C,3H;,0,9 requires C, 58-7; H, 7-3%) and, as the Ponndorf reduction 
product of cryptone contains some 5% of the cis-alcohol, it appears probable that the fractional 
crystallisation has achieved a separation of tetra-acetyl cis-l-cryptylglucoside from the mixed 
reaction product. 


We are indebted to Dr. G. Burger for the micro-analyses of many of the compounds described 
above. 


JouHNsSON CHEMICAL LABORATORIES, 
THE UNIVERSITY OF ADELAIDE. [Received, November 14th, 1939.] 





50. y-Substitution in the Resorcinol Nucleus. Part V. The 
Gattermann Reaction with 4-Acylresorcinols. 


By H. A. SHan and R. C. SHAH. 


In continuation of previous work (J., 1939, 132, 300, 749) the behaviour of some 
4-acylresorcinols in the modified Gattermann reaction has been studied. 


(1) RESPROPIOPHENONE gave a ketone-aldehyde whose constitution as 2: 4-dihydroxy-3- 
formylpropiophenone was proved as follows: 2 :4-Dihydroxy-3-methylpropiophenone, 


prepared by the Hoesch reaction from 2-methylresorcinol (Jones and Robertson, J., 1932, 
1692) and propionitrile, gave by Clemmensen reduction 2-methyl-4-propylresorcinol, which 
was characterised by the preparation of 17-hydroxy-4 : 8-dimethyl-6-propylcoumarin. 
Reduction of the ketone-aldehyde by the Clemmensen method gave a phenol identical 
with 2-methyl-4-propylresorcinol. 

2 : 4-Dihydroxy-3-formylpropiophenone on condensation with ethyl acetoacetate and 
cyanoacetic acid gave 5-hydroxy-3-acetyl-6-propionylcoumarin and 5-hydroxy-6-propionyl- 
coumarin-3-carboxylic acid respectively. 

(2) Resbutyrophenone gave a ketone-aldehyde whose constitution as 2 : 4-dihydroxy-3- 
formylbutyrophenone was established by reactions similar to those mentioned above. On 
condensation with cyanoacetic acid it afforded 5-hydroxy-6-butyrylcoumarin-3-carboxylic 
acid. 

(3) 2: 4-Dihydroxybenzophenone gave a ketone-aldehyde whose constitution as 2 : 4- 
dihydroxy-3-formylbenzophenone follows from its reduction by Clemmensen’s method to a 
phenol identical with 4-benzyl-2-methylresorcinol prepared by reduction of 2 : 4-dthydroxy- 
3-methylbenzophenone (Jones and Robertson, loc. cit.). On condensation with cyanoacetic 
acid it afforded 5-hydroxy-6-benzoylcoumarin-3-carboxylic acid. 

(4) 2: 4-Dihydroxyphenyl benzyl ketone gave a ketone-aldehyde whose constitution 
as 2.: 4-dthydroxy-3-formylphenyl benzyl ketone was established as follows : 2 : 6-Dihydroxy- 
m-tolyl benzyl ketone, prepared by the Hoesch reaction from 2-methylresorcinol and 
phenylacetonitrile, gave on reduction by Clemmensen’s method 2-methyl-4-B-phenylethyl- 
resorcinol, characterised by the preparation of a di-p-mitrobenzoyl derivative, and identical 
with the product of reduction of the ketone-aldehyde by the Clemmensen method. 2: 4- 
Dihydroxy-3-formylphenyl benzyl ketone on condensation with cy4noacetic acid, ethyl 
malonate, and ethyl acetoacetate gave 5-hydroxy-6-phenylacetylcoumarin-3-carboxylic acid, 
ethyl 5-hydroxy-6-phenylacetylcoumarin-3-carboxylate, and 5-hydroxy-3-acetyl-6-phenylacetyl- 
coumarin respectively. 
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246 . y-Substitution in the Resorcinol Nucleus. Part V. 


EXPERIMENTAL. 


The following compounds were prepared by methods already described (Part II; J., 1939, 
132). 
2 : 4-Dihydroxy-3-formylpropiophenone.—To a solution of respropiophenone (10 g.) in dry 
ethyl acetate, zinc cyanide (14 g.) and potassium chloride (1-5 g.) were added, followed by 
aluminium chloride (16 g.) in ether. Hydrogen chloride was passed for 4 hours. Water (200 
c.c.) was then added gradually, and the mixture heated at 100° for 4 hour. The precipitated 
ketone-aldehyde crystallised from alcohol (charcoal) in stout colourless needles (7-5 g.), m. p. 
140—141° (Found: C, 62-1; H, 5-4. Cj, 9H,,O, requires C, 61-9; H, 5-2%). It gave a bright 
yellow colour in alkali solution and a deep red coloration with alcoholic ferric chloride. The 
2 : &-dinitrophenylhydrazone crystallised from glacial acetic acid in tiny yellow needles, m. p. 
265—267° (decomp.) (Found: N, 15-1. C,,H,,0,N, requires N, 15-0%). 

5-Hydroxy-6-propionylcoumarin-3-carboxylic acid, prepared from cyanoacetic acid (1 g.) 
and the ketone-aldehyde (1 g.) in 20% sodium hydroxide solution (15 c.c.), crystallised from 
alcohol in straw-coloured needles (0-9 g.), m. p. 185—186° (efferv.) (Found: C, 59-9; H, 4-0. 
C13H,O, requires C, 59-5; H, 3-8%). 

5-Hydroxy-3-acetyl-6-propionylcoumarin, prepared from the ketone-aldehyde (1 g.), ethyl 
acetoacetate (1 g.), and piperidine (4 drops), crystallised from dilute alcohol in yellow needles 
(0-6 g.), m. p. 188—190° (Found : C, 64-6; H, 4-7. C,,H,,0; requires C, 64-6; H, 4-6%). 

2 : 4-Dihydroxy-3-methylpropiophenone.—A solution of 2-methylresorcinol (1 g.) and excess 
of propionitrile (1 g.) in ether (30 c.c.) was saturated with hydrogen chloride in presence of fused 
zinc chloride (1 g.); a reddish viscous layer gradually separated. After 24 hours, ether (50 
c.c.) was added, the ethereal layer decanted, and the viscous liquid washed twice with ether 
(30 c.c.). The residual material was heated with water (50 c.c.) on the steam-bath for 4 hour, 
and the ketone collected on cooling. It crystallised from water in rosy needles (0-5 g.), m. p. 
128—130° (Found: C, 66-6; H, 6-7. Cj 9H,,0O,; requires C, 66-7; H, 6-7%). Its reduction 
by the Clemmensen method gave 2-methyl-4-propylresorcinol, which crystallised from ligroin in 
pearly prisms, m. p. 102—103° (Found : C, 72-4; H, 8-6. C,9H,,O, requires C, 72-3; H, 8-4%). 

7-Hydroxy-4 : 8-dimethyl-6-propylcoumarin was prepared from 2-methyl-4-propylresorcinol 
(0-5 g.), ethyl acetoacetate (0-5 g.), and sulphuric acid (80%; 2 c.c.) and crystallised first from 
ligroin and then from 10% aqueous alcohol; it formed colourless needles, m. p. 160—162° 
(Found: C, 72-6; H, 6-9. C,,H,,O, requires C, 72-4; H, 6-9%). 

Reduction of 2 : 4-Dihydroxy-3-formylpropiophenone,—The aldehyde (1 g.), dissolved in acetic 
acid, was gradually added to a mixture of zinc amalgam (20 g.), dilute hydrochloric acid (1 : 1) 
(30 c.c.), and acetic acid (5 c.c.) at 100°. The heating was continued until an ethereal extract 
of a sample did not give a coloration with alcoholic ferric chloride. The cooled liquid was 
filtered and both it and the residual amalgam were extracted with ether. The oily residue left 
after the evaporation of the ether, on neutralisation of the acetic acid, precipitated 2-methyl- 
4-propylresorcinol, which crystallised from ligroin in pearly prisms, m. p. and mixed m. p. with 
the above specimen 102—103°. 

2 : 4-Dihydroxy-3-formylbutyrophenone.—Prepared from resbutyrophenone (10 g.), zinc 
cyanide (13 g.), potassium chloride (1-4 g.), aluminium chloride (14-7 g.), and hydrogen chloride, 
this crystallised from alcohol in stout yellow needles (3 g.), m. p. 42—43° (Found: C, 63-6; 
H, 5-9. C,,H,,0O, requires C, 63-5; H, 5-8%). The semicarbazone crystallised from glacial 
acetic acid in colourless needles, m. p. 242—245° (decomp.) (Found: N, 15-3. C,,H,,0,N; 
requires N, 15-9%). 

5-H ydroxy-6-butyrylcoumarin-3-carboxylic acid, prepared by the condensation of the ketone- 
aldehyde with cyanoacetic acid, crystallised from alcohol in straw-coloured needles, m. p. 
198—200° (efferv.) (Found: C, 60-7; H, 4-4. C,,H,,0, requires C, 60-9; H, 4-4%). 

2 : 4-Dihydroxy-3-methylbutyrophenone, prepared from 2-methylresorcinol (1 g.), butyronitrile 
(1 g.), zinc chloride (1 g.), and hydrogen chloride in ether (30 c.c.), crystallised from water in 
straw-coloured needes, m. p. 155—157° (Found: C, 65-4, 65-4; H 6-2, 6-3. C,,H,,O, requires 
C, 68-1; H, 7:°3%. The low carbon and hydrogen values appear to be due to the formation of 
methane in combustion). 

2-Methyl-4-butylresorcinol was prepared by the reduction of 2: 4-dihydroxy-3-methyl- 
butyrophenone and 2: 4-dihydroxy-3-formylbutyrophenone by the Clemmensen method. 
Both specimens crystallised from light petroleum (b. p. 80—90°) in pearly prisms, m. p. and 
mixed m. p. 74—76° (Found: C, 74:4; H, 9-3. C,,H,,O, requires C, 73-3; H, 8-9%). 

2 : 4-Dihydroxy-3-formylbenzophenone.—Prepared from 2 : 4-dihydroxybenzophenone (10 g.), 
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zinc cyanide (16-4 g.), aluminium chloride (17-6 g.), and hydrogen chloride, this crystallised 
from alcohol in pale yellow needles (4 g.), m. p. 117—-118° (Found : C, 68-7; H, 42. C,,H,,0, 
requires C, 69-4; H, 4:1%). The 2: 4-dinitvophenylhydvazone crystallised from glacial acetic 
acid in yellow needles, m. p. 228—230° (decomp.) (Found: N, 13-1. Cg 9H,,O,N, requires 
N, 13°3%). 

5-Hydroxy-6-benzoylcoumarin-3-carboxylic acid, prepared by the condensation of the ketone- 
aldehyde with cyanoacetic acid, crystallised from alcohol in tiny needles, m. p. 244° (efferv.) 
(Found : C, 65-7; H, 3-4. C,,;H,9O, requires C, 65-8; H, 3-2%). 

4-Benzyl-2-methylresorcinol, prepared by Clemmensen reduction of the ketone-aldehyde, 
crystallised from ligroin in pearly prisms, m. p. 96—98° (Found: C, 78-4; H, 6-6. C,,H,,0, 
requires C, 78-5; H, 65%). The m. p. was not depressed by a sample prepared by the 
Clemmensen reduction of 2: 4-dihydroxy-3-methylbenzophenone (Jones and Robertson, 
loc. cit.). 

2 : 4-Dihydroxy-3-formylphenyl Benzyl Ketone.—Prepared from 2 : 4-dihydroxypheny] benzyl 
ketone (10 g.), zinc cyanide (10-3 g.), aluminium chloride (11-2 g.), and hydrogen chloride, this 
crystallised from dilute alcohol in tiny colourless needles (6 g.), m. p. 110-5—112° (Found: C, 
70-2; H, 4-7. C,;H,,0, requires. C, 70-3; H, 47%). ,The 2: 4-dinitrophenylhydvrazone 
crystallised from glacial acetic acid in tiny yellow needles, m. p. 252—253° (decomp.) (Found : 
N, 12-6. C,,H,,O,N, requires N, 12-8%), and the semicarbazone in tiny colourless needles, 
m. p. 248—249° (decomp.) (Found: N, 12-9. C,.H,,0O,N, requires N, 13-4%). 

Ethyl 5-hydroxy-6-phenylacetylcoumarin-3-carboxylate, prepared from ethyl malonate (1 g.), 
the ketone-aldehyde (1 g.), and piperidine (4 drops), crystallised from alcohol in woolly yellow 
needles (0-6 g.), m. p. 200—201° (Found: C, 68-2; H, 4:6. C,.H,,O, requires C, 68-2; H, 
46%). 

5-H ydroxy-3-acetyl-6-phenylacetylcoumarin, prepared by the condensation of the ketone- 
aldehyde with ethyl acetoacetate in presence of piperidine, crystallised from alcohol in yellow 
needles, m. p. 198—200° (Found : C, 70-7; H, 4-4. Cy, H,,O, requires C, 70-8; H, 4-4%). 

5-H ydroxy-6-phenylacetylcoumarin-3-carboxylic acid, prepared by the condensation of the 
ketone-aldehyde with cyanoacetic acid, crystallised from alcohol in rectangular plates, m. p. 
215—217° (efferv.) (Found: C, 66-6; H, 3-7. C,,H,,O, requires C, 66-7; H, 3-7%). 

2: 6-Dihydroxy-m-tolyl benzyl ketone was prepared from 2-methytfesorcinol (1. g.), phenyl- 
acetonitrile (1-5 g.), zinc chloride (1 g.), and hydrogen chloride in ether (30 c.c.) and crystallised 
from benzene; m. p. 157—159° (Found: C, 70-9; H, 6-7. C,,;H,,0;,0°5H,O requires C, 
71-6; H, 5-9%). 

2-Methyl-4-B-phenylethylresorcinol, prepared by Clemmensen reduction of the preceding 
ketone and of 2 : 4-dihydroxy-3-formylphenyl benzyl ketone, crystallised from hot water in 
colourless needles, m. p. 115—116° (Found: C, 78-9; H, 7-1. C,,H,,O, requires C, 78-9; 
H, 7-0%). The di-p-nitrobenzoyl derivative, prepared from the phenol (0-2 g.), p-nitrobenzoyl 
chloride (0-4 g.) in ether, and sodium hydroxide solution (3 c.c.), crystallised from alcohol in 
straw- oloured needles, m. p. 140—142° (Found: N, 5-3. C,.H,,O,N, requires N, 5-5%). 
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51. Chalkones: Production of isoOxazoles from Some Chalkone 
Derivatives. 


By R. B. SHeEnot, R. C. Swan, and T. S. WHEELER. 






The action of hydroxylamine in presence of alkali on a chalkone dibromide (IV) 
provides an unambiguous synthesis of the resulting isooxazole (II), and the reaction 
can therefore be employed to determine which of the two possible isooxazoles, (II) or 
(III), is obtained from the related dibenzoylmethane (I) and hydroxylamine. No 
simple relation can be traced between the substituents in (I) and the structure of the 
preferred isooxazole. 


TxE action of hydroxylamine on unsymmetrical dibenzoylmethanes (I) normally proceeds 
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as shown at (a), one or other, but seldom both (see footnote 4 to the table), of the corre- 
sponding isomeric 3 : 5-diaryl substituted isooxazoles (II) and (III) being produced : 


(a) R,CO-CH,COR, ——~—> Ry cnt CRe or R, CeCHERs 


(L.) = A (III.) 


The determination of which of the isomers (II) and (III) is produced in (a) requires 
that there should be available a simple unambiguous synthesis of these compounds. The 
action of hydroxylamine in alcoholic solution on the chalkone dibromide (IV) in presence 
of alkali proceeds thus 

NH,-OH 


() RyCOCHBrCHBrR, ———> (II) 
(IV.) 


and provides an easy method for determining the course of reaction (a2). This statement 
is based on the following considerations : 

(1) Weygand and Bauer (Amnalen, 1927, 459, 123) synthesised the two isomeric 3 : 5- 
phenyl--anisylisooxazoles by the following unambiguous method : 


(c) R,CCKZNOH) + NaCicR, —> (II) 


and confirmed reaction (6) for (IV; R, = Ph, R, = p-anisyl) and for (IV; R, = #-anisyl, 
= Ph). 

™ (2) Auwers and Brink (J. pr. Chem., 1932, 183, 159) prepared 5-phenyl-3-methyliso- 

oxazole by the application of reaction (b) to Me*CO-CHCI-CHCIPh; the structure of the 

two 3 : 5-phenylmethylisooxazoles had already been fixed by Weygand and Bauer (loc. 

cit.) using reaction (c). 

(3) Auwers and Brink (loc. cit., p. 156) obtained 5-phenyl-3-styrylisooxazole by the 
action of hydroxylamine in presence of alkali on Ph-CH:CH-CO-CHBr-CHBrPh; 
the structure was fixed by the previous preparation of the 3-phenyl-5-styryl 
isomer by Ciusa and Terni (Atts R. Accad. Lincei, 1911, [v], 20, ii, 25) from 
Ph-CH:CH-CH(NH-OH)-CH,°C(SNOH)Ph by oxidation. 

(4) Blatt (J. Amer. Chem. Soc., 1931, 53, 1133) showed that the oxime of -bromophenyl 
«$-dibromo-f-phenylethyl ketone gave with alkali the same tsooxazole (3-p-bromopheny]1-5- 
phenylisooxazole) as was obtained by the action = alkali and hydroxylamine on #. 
bromopheny]1 «8-dibromo-$-phenylethyl ketone (IV ; = p-bromophenyl, R, = phenyl)- 

(5) Weygand and Bauer (loc. cit. ) also employed es Feik (c) to show that the action of 
hydroxylamine in weak acid, neutral or alkaline solution on the two isomeric enol ethers 
Ph-CO*CH:C(OMe)*C,H,"OMe (#) and -C,H,(OMe)*CO-CH:C(OMe)Ph proceeded thus : 

NH,OH 


(d@) R,CO-CH:C(OAlk)R, ———> (III) 
(v.) 


so that when reactions (5) and (d) apply, the related compounds (IV) and (V) yield isomeric 
3 : 5-disubstituted tsooxazoles. In mineral acid solution, (V) is immediately hydrolysed 
to (I) (see Claisen, Ber., 1926, 59, 144). 

This production of isomeric tsooxazoles from (IV) and (V) has now been confirmed for 
the cases when R, and R, are respectively phenyl, 6-bromo-3 : 4-methylenedioxypheny]; 
phenyl, #-tolyl; p-tolyl, phenyl; ®-naphthyl, phenyl; #-anisyl, p-tolyl; and #-tolyl, ?- 
anisyl. These results and those of Weygand and Bauer are summarised in the table 
(columns 1—4; rows 1—8). Columns 3 and 4 give the m. p.’s of the tsooxazoles (II) and 
(III) obtained from (IV) and (V) by reactions (6) and (d) respectively. The results for the 
related compounds given in rows | and 2, 4 and 5, and 7 and 8 are interesting; taking rows 
1 and 2 in detail, it will be seen that the tsooxazole obtained from (IV) in row 1 is the same 
as that formed from (V) in row 2 and vice versa; similar results were obtained with the 
other pairs. 

(6) The course given for reaction (5) is further supported by a consideration of the 
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probable mechanism of the reaction. Weygand and Bauer (loc. cit.) pointed out that (V), 
which is a final product of the prolonged action of alkali in alcoholic solution on (IV), 
could not in view of the production of (III) in (d) be an intermediate in (b); they suggested, 
therefore, the possibility of the intermediate formation of the acetal R,-CO-CH,°C(OAIk),Rg. 
Such acetals are, however, only formed from (IV) in quantity in certain instances (see 
Kohler and Addinall, J]. Amer. Chem. Soc., 1930, 52, 3728; cf. Auwers and Seyfried, 
Annalen, 1930, 484, 186). The monobromochalkone R,-CO-CBr:CHR, (VI), which is 
always the first product of the restricted action of alkali on (IV) (see Nadkarni e¢ al., J., 
1937, 1798), is more likely as an intermediate. (VI), like the parent chalkone 
R,CO-CH:CHR,, can be made to react with hydroxylamine to yield an oxime (see, for 
example, Auwers and Brink, Annalen, 1932, 493, 218). This oxime with alkali, or (VI) 
with hydroxylamine and alkali, gives (II) (Weygand and Bauer, Joc. cit.; Auwers and 
Brink, Joc. cit.). The production of (II) from (IV) is therefore to be expected. 

These considerations confirm the view stated above, and already implied by previous 
workers (see Allen e al., Canadian J. Res., 1932, 7, 643; 1934, 11, 388), that reaction (b) 
provides a simple unambiguous synthesis of 3 : 5-diaryl substituted isooxazoles, and may 
therefore be employed to determine the course of reaction (a). 

The table (column 5) gives the m. p.’s of tsooxazoles prepared from (I) either in the 
present research or previously, for which data are available to fix the structure. This 


1 2 - 4 5 6 


Carbonyl carbon 
atom (x) which 
is linked to N in 
M. p. of the isooxazole 
neutral or sooxazole obtained from 
alkaline (I) pf ee 
a). 


R,. R,. i é i ; . R,CO-CH,CO-R,. 
in nes x 


1 Ph 
PCH, OMe 
h 


x 
3: 4 CHOC H,Br(6) x 
5 p-C,H.M ee 
jah 6 e 
B-C,9H, ” 
?-C,H,OMe  p-C,H,Me 
Pye —- 
H,-O 
Ph 3: 4-CH,O, C,H, 
p-Ph-C,H, Ph 
?-C,H,CH:CH ,,- 
PCC 3: 4-CH,0,:C,H, 
-C,H,Me ”» 
oe 3 : 4-CH,0,:C,H,Br(6) 


Ph CoH NOs 
”” e 
Me Ph x 


1 Pond and Shoffstall, J. Amer. Chem. Soc., 1900, 28, 658. 2 Weygand and Bauer, Annalen, 
1927, 459, 123. * Present research. * Present research, but Weygand (Amnnalen, 1927, 459, 104) 
states that a mixture of the isomeric isooxazoles is obtained. Kohler et al (J. Amer. Chem. Soc., 1919, 
41, 1697) found that Ph-CH,-CO-CH,-CO-CMe, gave a mixture of isooxazoles with hydroxylamine. No 
other report of the production of other than a single isooxazole from an unsymmetrical | : 3-diketone 
has been traced. 5 Allen and Ball, Canadian J. Res., 1932, 7, 643. * Auwers and Brink, J. pr. 
Chem., 1932, 188, 156; Ryan and Dunlea, Proc. Roy. Irish Acad., 1913, 32B, 1. 7 Allen et al., 
Canadian J. Res., 1934, 11, 382. ® Nadkarni ef al., J., 1937, 1798. * Wieland (Ber., 1904, 37, 
1151) showed this compound to be 5-phenyl-3-p-nitrophenylisooxazole by a method involving reduction. 
10 Claisen, Ber., 1926, 59, 144. 11 Auwers and Brink (loc. cit., p. 159); the dichloride was used. 
18 As Weygand and Bauer (loc. cit.) point out, the enol ethers of benzoylacetone do not react with 
hydroxylamine as shown in reaction (d). Here oximation occurs, so that the same isooxazole is 
obtained from (IV) and (V) (cf. row 18, columns 3 and 4). — 
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structure can be deduced by comparison of the m. p.’s in column 5 with those of the iso- 
oxazoles obtained in reaction (b), which are, as explained above, given in column 3; the 
results obtained in reaction (d), which are given in column 4, are available in a number of 
cases, and, as previously mentioned, support the results given by (0). The structure 
of one isooxazole (row 16) has been otherwise determined. The structures of the iso- 
oxazoles obtained from (I) are indicated in column 6. 

An examination of the results given in column 6 shows that with #-nitro-, o-hydroxy-, 
p-methoxy- and p-methyl-dibenzoylmethanes, the phenyl group is in the 5-position in the 
#sooxazoles resulting from (I); that is, the carbonyl carbon atom to which the nitrogen 
atom becomes linked -is remote from the phenyl group. With 3: 4-methylene- 
dioxy-, 6-bromo-3 : 4-methylenedioxy-, and #-phenyl-dibenzoylmethanes, and with 
Ph:CO-CH,*CO-CH:CHPh, and Ph-CO-CH,°CO-C,,H, (8), 3-phenylésooxazoles are formed. 
p-Tolyl takes the 3-position in preference to p-anisyl and to the methylenedioxypheny]l 
group; the latter also takes the 5-position in the product from 4-chloro-3’ : 4’-methylene- 
dioxydibenzoylmethane. 

These results do not appear to admit of any simple analysis; Bradley and Robinson 
reached a similar conclusion in regard to the hydrolytic fission of substituted dibenzoyl- 
methanes (J., 1926, 2356). 


EXPERIMENTAL. 

The compounds were colourless, unless otherwise stated. Recrystallisation was from 
alcohol unless another solvent is mentioned. Following are the new compounds prepared as 
intermediates in the production of isooxazoles. 

Chalkones.—p-A nisyl p-methylstyryl ketone (1), m. p. (acetic acid) 126° (Found: C, 81-0; 
H, 6-2. C,,H,,O, requires C, 80-9; H, 6-3%), and B-naphthyl styryl ketone (2), m. p. 106° 
(Found: C, 88-5; H, 5-7. C,,H,,O requires C, 88-4; H, 5-4%) (cf. Hutchins e¢ al., J., 1938, 
1885), were obtained as yellow crystalline powders from the corresponding acetophenones and 
aldehydes in presence of alcoholic alkali (Sorge, Ber., 1902, 35, 1069). 

Chalkone Dibromides.—o-Hydroxyphenyl af-dibromo-B-phenylethyl ketone (16 g.), m. p. 
(carbon tetrachloride) 192° (Found: Br, 41-6. C,,;H,,0,Br, requires Br, 41-7%), was obtained 
by treating a suspension of o-hydroxyphenyl styryl ketone (22 g.) (Feuerstein and Kostanecki, 
Ber., 1898, 31, 715) in carbon disulphide (100 c.c.) with a solution of bromine (16 g.) in carbon 
disulphide (50 c.c.), and volatilising the solvent after 12 hours (Khanolkar, private communic- 
ation; cf. Warriar et al., Current Sci., 1937, 5, 476). 

p-Anisyl aB-dibromo-B-p-tolylethyl ketone (3), which was obtained by bromination of (1) in 
warm glacial acetic acid, separated from acetic acid in colourless needles, m. p. 169° (Found : 
Br, 38-5. C,,H,,0,Br, requires Br, 38-8%). p-Anisyl a-bromo-p-methylstyryl ketone (Found : 
Br, 24-5. C,,H,,0,Br requires Br, 24-1%), which separated from a cold solution of (3) in 
pyridine, after it had been heated at the b. p. for $ min., cooled, and diluted with alcohol, formed 
yellow crystals, m. p. 129°. 

6-Naphthyl aB-dibromo-B-phenylethyl ketone (4), obtained by bromination of (2) in glacial 
acetic acid, had m. p. (carbon tetrachloride) 173° (Found: Br, 38-3. C,H,,OBr, requires Br, 
_ 383%). B-Naphthyl a-bromostyryl ketone, which separated in yellow needles from alcohol, 
m. p. 116°, was obtained by the action of pyridine on (4) (Found: Br, 24-0. C,H,,OBr 
requires Br, 23-7%). 

The other chalkone dibromides required have previously been described in the literature. 

Diketones.—The oil (p-anisyl 8-methoxy-p-methylstyryl ketone) obtained by adding water 
to a solution of (3) (8 g.) and sodium methoxide (1 g. of sodium) in methyl alcohol, which had 
been boiled under reflux for 1} hour, gave a yellow solid (3 g.) after it had been heated with 
dilute hydrochloric acid for 2 hours. The product, p-anisoyl-p-ioluoylmethane (5) (Found : 
C, 76-7; H, 5-8.- C,,H,,O, requires C, 76-1; H, 6-0%), separated from alcohol in yellow 
needles, m. p. 104°; (5) was also prepared by the action of dilute hydrochloric acid on p-tolyl 
Bp-dimethoxystyryl ketone, obtained as an oil by the action of methyl-alcoholic sodium 
methoxide on p-tolyl af$-dibromo-f-p-anisylethyl ketone (Nadkarni ef al., J., 1937, 1801). 
Benzoyl-B-naphthoylmethane, m. p. 99° (Found: C, 82-7; H, 5:2. C,.H,,O, requires C, 83-2; 
H, 5-1%), was similarly obtained from (4) as a yellow crystalline powder. 

Chalkone Ether Derivatives.—The ethers R,*CO*CH°C(OAIk)R, referred to in the table were 

by the action of alkali alkoxide in alcohol on the corresponding chalkone dibromides 
(see Nadkarni e al., loc. cit., p. 1803). As is usual with this type of compound, the ethers from 
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(3) and (4) could not be satisfactorily crystallised; the other ethers have previously been 
described. 

isoOxazoles.—The isooxazoles prepared in the present research are indicated in the table 
by the references to footnotes 3 and 4. The experimental details relating to reactions (a), (b), 
and (@), which were the methods of preparation employed, are as follows :—Reaction (a). The 
dibenzoylmethane (I) was boiled with hydroxylamine hydrochloride in alcoholic solution with 
or without addition of alkali (Nadkarni e¢ al., loc. cit., p. 1804). Reaction (b). An alcoholic 
solution of the corresponding chalkone dibromide (IV) containing hydroxylamine hydrochloride 
(more than 1 mol.) was treated gradually at the b. p. during 30 mins. with aqueous alkali, 
cooled, and diluted with water (see Weygand and Bauer, Joc. cit., p. 138). Reaction (d). The 
chalkone ether (V) was boiled in alcoholic solution with hydroxylamine hydrochloride with 
addition of aqueous sodium hydroxide to form a neutral or alkaline solution, or of excess of 
sodium acetate (Weygand and Bauer, loc. cit., p. 134). The methods used for each isooxazole 
are indicated in the table by the insertion of the m. p. in the appropriate column; as shown at 
the head of the table, columns 3, 4, and 5 refer respectively to reactions (b), (d), and (a). The 
similarity or differences of the isomers obtained by the above methods were confirmed by taking 
mixed m. p.’s. The following new isooxazoles were prepared :—3-p-anisyl-5-p-tolylisooxazole, 
m. p. 148° (Found: C, 76-6; H, 5-8. C,,H,,0O,N requires C, 76-9; H, 5-7%); 5-p-anisyl-3- 
p-tolylisooxazole, m. p. 130° (Found : C, 76-7; H, 5-8. C,,H,,0O,N requires C, 76-9; H, 5-7%); 
5-phenyl-3-0-hydroxyphenylisooxazole, m. p. 231° (Found: C, 75-7; H, 4-8; N, 5-8. C,,;H,,O,N 
requires C, 76-0; H, 4:6; N, 59%); 3-phenyl-5-(3' : 4'-methylenedioxyphenyl)isooxazole, m. p. 
130° (Found : C, 72-6; H, 4:3. C,,H,,0,N requires C, 72-5; H, 4:2%); 3-phenyl-5-(6’-bromo- 
3’ : 4’-methylenedioxyphenyl)isooxazole, m. p. (methyl alcohol) 157° (Found: Br, 23-4. 
CygH,,9O,NBr requires Br, 23-3%); 5-phenyl-3-(6'-bromo-3’ : 4'-methylenedioxyphenyl)isooxazole, 
m. p. (methyl alcohol) 179° (Found : Br, 23-5. C,,H,,O,;NBr requires Br, 23:3%) ; 3-phenyl-5-B- 
naphthylisooxazole, m. p. 160° (Found: C, 84:0; H, 4:8. C,,H,,ON requires C, 84-1; H, 
48%); 5-phenyl-3-B-naphthylisooxazole, m. p. 152° (Found: C, 841; H, 4:8; N, 5-2. 
C,,H,,ON requires C, 84:1; H, 4-8; N, 5-2%). 

Albrecht (Monatsh., 1914, 35, 1493) described the preparation of ‘‘ a-naphthyl styryl ketone ”’ 
(m. p. 105°) and the “ dibromide ” (m. p. 173°); the m. p.’s agree with those now found for 
the corresponding $-naphthyl derivatives. Repetition of Albrecht’s work with commercial 
a-acetonaphthone showed that the solid chalkone obtained in poor yield is the $-derivative; 
the accompanying oil mentioned by Albrecht, which forms the greater part of the product, is 
probably the a-chalkone. Support is lent to this view by the fact that Albrecht submitted the 
oxime of his so-called «-chalkone to the Beckmann transformation, but did not obtain the 
expected “‘ cinnamo-a-naphthylamide.” In the preparation from naphthalene and acetyl 
chloride, a mixture of both a- and f-acetonaphthones is obtained, and the B-compound, being 
a solid (m. p. 56°), is more readily obtained pure than the liquid «-compound. 


Roya INSTITUTE OF SCIENCE, BoMBAY. 
STATE LABORATORY, DUBLIN. [Received, November 8th, 1939.]} 





NOTE. 


The Formation of Ketyls by the Action of Potassium on Benzpinacol. By Tupor Joun and 
SyDNEY T. BowDeEn. 


Some of the reactions of benzpinacol have been ascribed to slight dissociation into the radical 
‘CPh,°OH and its subsequent transformation into benzophenone and benzhydrol (Thorner and 
Zincke, Ber., 1877, 10, 1474; Acree, Amer. Chem. J., 1903, 29, 588). There is, however, no 
direct evidence of the existence of this radical, and we have therefore compared the behaviour of 
benzpinacol with that of an equimolecular mixture of benzophenone and benzhydrol on treat- 
ment with metallic potassium. 

When a solution of benzpinacol (5-3 g.) in xylene (50 c.c.) is treated under nitrogen with 
potassium (1-1 g.), the blue ketyl is rapidly formed at the surface of the metal. On raising the 
temperature to the m. p. of the metal, there is vigorous evolution of hydrogen and the solution 
passes through a series of colour changes ranging from green to blue. At this stage potassium 
benzhydryloxide is precipitated, and if now the solution is cooled, the above sequence of colour 
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changes is reversed. Hydrolysis of the mixture yields benzhydrol (4-2 g.) and benzophenone 
(0-2 g.). An equimolecular mixture of benzhydrol (2-7 g.) and benzophenone (2-6 g.) behaves in 
a similar manner on treatment with potassium (1-1 g.) : the colour changes are closely duplicated 
and the products of hydrolysis are benzhydrol (4-6 g.) and benzophenone (0-2 g.). These results 
would seem to support the predissociation theory, but actually, preliminary experiments showed 
that the reaction with benzophenone alone is comparatively slow and that only 30% of the metal 
forms the ketyl after the mixture has been boiled for 5 hours. Under similar conditions, the 
metal reacts smoothly with benzhydrol to form the benzhydryloxide (J., 1939, 313). 

The present experiments indicate that the hydroxyl hydrogen of benzpinacol is directly 
replaced by metal with formation of the mono- and the di-potassium derivative. The latter 
suffers partial dissociation into the unimolecular ketyl (Bachmann, J. Amer. Chem. Soc., 1933, 55, 
1179; Doescher and Wheland, ibid., 1934, 56, 2011), and is then reduced to benzhydryloxide. 
As a further indication of the reactivity of benzpinacol, we find that it reacts almost instan- 
taneously in the cold with potassium triphenylmethoxide to form the ketyl system and tripheny]- 
carbinol (cf. Schlenk and Thal, Ber., 1913, 46, 2840). It is evident, therefore, that the formation 
of triphenylcarbinol from benzpinacol, bromobenzene, and sodium (Acree, loc. cit.) depends on 
the formation of ketyls through direct attack of metal and methoxide on the glycol.— 
University COLLEGE, CarpIFF. [Received, October 25th, 1939.]} 





52. Catalytic Toxicity and Chemical Structure. Part V. 
Simple Anions containing Toxic Elements. 


By Epwarp B. MAXTED and RoBert W. D. Morrisu. 


The usual catalytically toxic character of elements such as sulphur, selenium, 
tellurium, or phosphorus is, in general, lost if the structure of the molecule containing 
the normally poisonous atom is such that this poison atom is associated with a com- 
pletely shared electron octet. Special interest is attached to the toxicity of phosphite 
and hypophosphite ions from this standpoint, in view of the apparent inability of 
covalently linked hydrogen to exercise this shielding effect. 


It is a matter of general experience that not all molecular structures containing normally 
toxic elements are poisonous. For instance, although sulphur in most forms is strongly 
toxic towards metallic catalysts in catalytic hydrogenation, no poisoning occurs if the 
sulphur is present as an alkali sulphate. 

On the whole, however, little is known with regard to the type of structure necessary to 
shield a normally poisonous element, such as sulphur or phosphorus, in such a way that it no 
longer exerts its characteristic toxic properties; and it has been considered of interest, as an 
approach to this problem, to examine systematically the relative toxicities, in catalytic 
hydrogenation, of a number of simple anions containing, severally, sulphur, selenium, 
tellurium, or phosphorus. The subject of shielding a toxic element is of considerable 
practical importance, since, in preparing an impure substance for hydrogenation, it may be 
more convenient—as an alternative to the often difficult removal of any poison present—to 
convert the poisons either into a less toxic form or, better still, into a molecular form in 
which the inherently poisonous element is completely shielded. 

The principal regularity found in the present work is one which would be expected from 
the dependence of catalytic toxicity on the ability of the toxic element to become linked 
to the catalyst to form a strongly held adsorption complex having a relatively long life, by 
virtue of which the surface elements of the catalyst become obstructively occupied by the 
poison in place of remaining free for normal catalysis. It seems probable, in chemisorption 
of the type involved, that the poisonous element is attached directly to the. surface by 
ordinary covalent linkages; and, accordingly, the toxic nature of, for instance, sulphur or 
phosphorus should disappear if the electronic configuration of the molecule containing the 
toxic element is such that this element already has a completely shared electron octet, 
whereas the toxicity which is normally characteristic of the element in question should be 
shown if the element still contains unshared electron pairs. This view has been confirmed 
by the present work, in which the relative toxicities of sulphide, sulphite, sulphate, 
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sulphonate, thiosulphate, tetrathionate, selenite, selenate, tellurite, tellurate, hypophos- 
phite, phosphite, and phosphate ions, in each case towards platinum in catalytic hydrogen- 
ation, have been measured. As will be seen from the numerical results, all these ions are 
strong poisons with the exception of sulphates, sulphonates, selenates, tellurates, and 
phosphates. Since the form in which the potentially poisonous element is present must be 
stable under the conditions of testing, it is not possible to examine in this way the non- 
toxicity of substances such as the arsenates or antimonates, which, in the presence of 
catalytically activated hydrogen, are reduced to toxic arsine or stibine; but it was observed 
in earlier work that sodium arsenate was not effectively poisonous towards platinum in the 
decomposition of hydrogen peroxide. 


EXPERIMENTAL. 


The method of measuring and expressing toxicity has already been described (J., 1937, 603, 
1004). Platinum black, weighed out as required from the same stock preparation throughout 
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the series, was used as the catalyst; and crotonic acid (or ethyl crotonate in the case of unstable 
ions for which it was necessary to avoid acid) was taken as a convenient standard unsaturated 
substance. The charge employed in the hydrogenation pipette for each test consisted of 0-05 g. 
of platinum, 5 c.c. of a 2u-solution of crotonic acid in glacial acetic acid—or of ethyl crotonate in 
alcohol—and a further 5 c.c. of solvent containing the poison. The solvent used (acetic acid or 
alcohol) depended on the solubility and general stability of the particular poison being in- 
vestigated : for example, the degree of toxicity of sulphate and other stable ions can obviously 
be tested in acetic acid solution without danger of decomposition and with the advantage of a 
more rapid reaction, whereas, with less stable ions (e.g., thiosulphates), free acid cannot be 
present, and, for these, alcohol and ethyl crotonate were used. Where alcohol was employed, it 
was, with some of the poisons, necessary to dilute this with water in order to get the poison into 
solution. In such cases, all the measurements with the poison in question, including the initial 
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determination of the activity of the catalyst in the absence of poison, were made with alcohol of 
the same degree of dilution, and, in any case, the same solvent was taken both for the poison and 
for the unsaturated substance. It had previously been confirmed that, although the absolute 
hydrogenation rates are, of course, dependent on the solvent and on the substance hydrogenated, 
the value of the poisoning coefficient, «, which expresses the toxicity of a given poison—and is 
merely the fractional depression of the original activity per unit of poison present—is not 
affected by a change from crotonic acid to ethyl crotonate, or from acetic acid to alcohol or 
alcohol—water as the solvent. The temperature of hydrogenation was 25° throughout. 

The very dilute solutions used for poisoning were made, by repeated dilution, from a weighed 
amount of the sodium salt of the anion to be tested, the sodium ion in such salts being non-toxic. 
In making a sulphonate solution suitable for testing in this way, it is necessary to start with a 
substance free from other forms of sulphur. For this reason, substances such as benzene- 
sulphonic acid—in view of the liability of the original benzene to contain traces of thiophen and 
other toxic impurities—are less suitable than sulphonates of substances which are not likely to 
contain difficultly removable sulphur impurities. In the present case, the sodium salt of 
camphorsulphonic acid was used. 
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In order to allow a rapid general survey, the results of the measurements have been collected 
in Fig. 1, which includes all the anions tested with the exception of sulphites, which are discussed 
below. All the poisoning graphs are of the usual flexed linear form, the point of inflexion vary- 
ing considerably with the nature of the ion. It will be seen that sulphates, sulphonates, 
selenates, tellurates, and phosphates are non-toxic; and this was also observed to be the case 
even with concentrations far beyond the range of oe figure, e.g., with concentrations of 60 x 
10 g.-mol. in the 10 c.c. taken. 

Toxicity of Sulphites —If measurements of the toxicity of sulphites are made in the ordinary 
way, poisoning graphs of the unusual form shown in Graph I of Fig. 2 are obtained. In these, 
the activity of-the catalyst remains completely unaffected until the concentration of sulphite 
passes a limiting value, whereupon normal poisoning occurs. In this case, some factor is 
obviously present which neutralises the toxicity of the sulphite when this is present in small 
quantities only; and it was thought that the initial horizontal portion in this type of variation 
might be due to the irreversible catalytic oxidation of sulphite to non-poisonous sulphate by 
oxygen contained in the platinum black or even by traces of oxygen in the hydrogen. If this is 
the case, the sulphite solution used will, as is actually observed, only begin to exercise its normal 
toxic action when the amount added is in excess of that which can be rendered inactive by the 
oxygen present. 
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This view was confirmed in two ways. First, the initial oxidation of sulphite should be 
prevented by using oxygen-free platinum black; and, accordingly, a series of measurements was 
carried out in which the charge of platinum used as the catalyst was allowed to remain irf contact 
with hydrogen before the remainder of the system, including the unsaturated compound and the 
poison, was added, any oxygen in the platinum being thus converted to water before coming into 
contact with the sulphite. The hydrogen employed both for the initial removal of oxygen from 
the platinum and for the actual hydrogenation of the ethyl crotonate was carefully freed from 
traces of oxygen; and a special type of hydrogenation pipette was used which permitted the 
addition of the remainder of the system to the oxygen-free platinum without access of air. All 
the solutions used were made up with recently boiled solvents, which had been allowed to cool in 
hydrogen; and, to prevent a possible loss of activity by the platinum, through sintering, during 
the removal of the oxygen, the charge of metal was first of all covered with a small quantity of 
water. On working with an oxygen-free system in this way, a normal form of poisoning graph 
(see Graph II of Fig. 2) was obtained. 

Secondly, the above explanation of the non-toxicity of small quantities of sulphites under 
ordinary conditions was also confirmed by an opposite procedure, viz., by the observation that 
even a relatively concentrated sulphite solution could be rendered completely non-poisonous by 
first of all shaking this with air in the presence of platinum. 

Relative Toxicities.—Since the graphs given in Figs. 1 and 2 merely represent effective toxici- 
ties, i.e., the variation of the catalytic activity with the total poison present, rather than with 
the poison actually adsorbed on the catalytic surface (see J., 1938, 2071), no attempt will be 
made for the time being to discuss the dependence of the relative toxicity, and of the position of 
the point of inflexion, on the size and valency of the ions. However, since the relative poisoning 
effect exerted by various bulk concentrations of the various ions under comparable conditions is 
of practical interest, these effective toxicities have been summarised in the table. The non- 
poisonous ions are omitted. 


Toxicity. Toxicity. 
Relative Relative 
Ion. aX 10°. toxicity. Ion. a xX 10%. toxicity. 
Phosphite ..........00.0000 227 1-00 Sulphite .............00000. 323 1-42 
cm angel cnbeedesesoses + QED 1-05 Tetrathionate ............ 5-13 2-26 
Selenite ...........0c0000000. 2°86 1-26 Sulphide .................... 6513 2-26 
TRIE IED 05sec cicccccscese 3-12 1-37 Hypophosphite ............ 6-25 2-75 


The above values relate to the slope of the first linear portion of the poisoning graphs, this 
portion—with the exception of the phosphites and, to a lesser degree, the tellurites—covering 
the poisoning effect down to the loss by the catalyst of about one half of its original 
activity; « is the poisoning coefficient, derived in the manner described in earlier papers. 


DISCUSSION. 


On the whole, the results need little comment from the standpoint of the main object of 
the paper, viz., the dependence of toxicity on the electronic configuration. It will at once be 
seen that, in all the non-toxic ions, the poisonous element possesses a completely shared 
electron octet of the type (I), in which sulphur may be replaced by selenium or tellurium, or, 
with a change in the valency, by phosphorus, this saturation being sufficient to prevent the 
central element from attaching itself to the platinum and exercising its normal toxic 
properties. A similar shielding is observed with the non-toxic sulphonate ion (IT). 


ae £ g r aro ae 
0:S:0 0:S:C(R) 0:S:0 O0:S:S: 
O O O 


(I.) (I1.) (III.) (IV.) 


On the other hand, the possession of unsaturation, in the form of unshared electron pairs, 
by the potentially toxic atom leads at once to the free exercise of its ordinary poisonous 
character. For example, sulphite, selenite, or tellurite ions, which are of the type (ITI), also 
thiosulphates (IV), in which the additional sulphur atom is unsaturated, and the sulphide 


ion, [:s S T, are all strongly toxic. 
The toxicity of the tetrathionates would be expected from the presence of unsaturated 
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sulphur in whichever of the alternative structures [Debus, J., 1888, 58, 278; Calzolari, 
Gazzetta, 1907, (ii), 37, 609; Riesenfeld and Feld, Z. anorg. Chem., 1921, 119, 225; Martin 
and Métz, ibid., 1923, 127, 82; Raschig, ‘‘ Schwefel- und Stickstoffstudien,” Leipzig, 1924, 
p. 305; Vogel, J., 1925, 127, 2248] is accepted; but, in any case, tetrathionate ions are 
quickly reduced by hydrogen to thiosulphates (Thatcher, Z. physikal. Chem., 1904, 47, 691), 
and, actually, the observed toxicity of the tetrathionates is about twice that of the thio- 
sulphates, which would correspond with the production, and presence at the time of the 
measurement, of two molecules of thiosulphate from one of tetrathionate. 

Special interest is attached to the toxicity of the phosphites and hypophosphites. The 
usual dibasic character of phosphorous acid and the monobasic nature of hypophosphorous 
acid lead to the ionic structures (V) and (VI) (Lowry, Phil. Mag., 1923, 45, 1105), in which 


the phosphorus atom is apparently completely shielded and which should therefore, contrary 
to observation, not be poisonous. 


a a oO 7 
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Two. views of this apparent anomaly seem possible. In the first place, the apparent 
inability of the probably covalently linked hydrogen atoms to protect the platinum catalyst 
from linkage with the phosphorus atom may lie in the bond-strengths of the linkages, 
namely, in the easily ruptured phosphorus—hydrogen bond, on the one hand, and in the 
strength of the potential link between phosphorus and platinum, by virtue of which poison- 
ing occurs. The general weakness of such phosphorus—hydrogen bonds is shown by the 
actual evolution of hydrogen on treating a hypophosphite solution with platinum black or 
similar metals, as well as by the general reducing properties both of phosphites and of 
hypophosphites and by the production of so-called copper hydride (copper containing 
loosely attached hydrogen) by the action of hypophosphites on solutions of copper salts. It 
may be noted that a somewhat similar displacement of hydrogen covalently linked to a 
poison atom occurs if gaseous hydrogen sulphide is adsorbed by platinum or palladium (J., 
1919, 115, 1050; 1920, 117, 1280; 1931, 2203), in that, on subsequent evacuation, the gas 
obtained consists of hydrogen rather than hydrogen sulphide, the sulphur remaining 
attached to the platinum. 

Although the above point of view seems probably the correct one, the inability of 
hydrogen to shield a poisonous atom such as phosphorus may perhaps be considered from 
the standpoint developed by Bernal and Megaw (Proc. Roy. Soc., 1935, A, 151, 384) for the 
structure of the hydroxyl ion. They point out that, in consequence of hydrogen atoms 
possessing the unique property of having no inner electrons and consequently contributing 
nothing to repulsive forces, such atoms in combination occupy no space and in general lie 
within the effective radius of the atom to which they are bound by homopolar forces. Thus, 
the hydrogen atoms of the phosphite and hypophosphite ions may be regarded as lying 
within the / or valency shell of the phosphorus, which remains at any rate partly free for 
normal attachment, for instance to platinum. 


One of the authors (E. B. M.) wishes to express his indebtedness for the grant of a Leverhulme 
Research Fellowship for the carrying out of work of which this paper forms a part. 
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53. Studies in Electrolytic Oxidation. Part XII. The Mechanism 
of the Electrolytic Formation of Periodates. 
By A. Hickiinc and S. H. RIcHARDs. 


The electrolytic oxidation of iodates to periodates and the effect of variable factors 
such as the nature of the electrode material, acidity and alkalinity, temperature, anode 
potential, and the presence of foreign anions have been investigated. The process takes 
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place with moderate efficiency at lead peroxide and nickel electrodes, to a less extent at 
platinised and smooth platinum, and with manganese dioxide and carbon anodes no 
appreciable oxidation occurs. The efficiency is least in acid and greatest in alkaline 
solutions. At platinum and lead peroxide electrodes factors favouring the formation 
of higher oxides on the electrode surface, e.g., anodic prepolarisation, in general increase 
the efficiency markedly. Rise of temperature leads usually to an improvement in 
efficiency except in the case of a smooth platinum anode in alkaline solution. The 
anode potentials set up during the oxidation appear to be merely oxygen evolution values 
and no indication of a definite oxidation—-reduction potential is found. Various mech- 
anisms for the anodic process are considered, and it is concluded that the facts can best 
be explained by oxidation of the iodate by metallic peroxides formed on the electrode 
surface, a secondary réle being attributed to hydrogen peroxide formed initially in the 
discharge of hydroxy] ions, and this explanation is supported by independent chemical 
experiments. 


THE anodic oxidation of iodates to periodates was first recorded by Miiller (Z. Elektrochem., 
1901, 7, 509), and later more thoroughly investigated (Miiller and Friedberger, Ber., 1902, 
85, 2652; Miiller, Z. Elektrochem., 1904, 10, 49, 753), mainly with a view to ascertain the 
optimum conditions for industrial utilisation of the process (see also Willard and Ralston, 
Trans. Amer. Electrochem. Soc., 1932, 62, 239). It was established that at a smooth plati- 
num anode the oxidation only took place with reasonable efficiency in strongly alkaline 
solutions, and was favoured by the use of low current densities and temperatures, while with 
platinised platinum the process would take place to some extent even in neutral and in acid 
solutions. With a lead dioxide anode good efficiencies were obtained in neutral and in acid 
solutions. In the case of a platinum electrode, certain anions, in particular fluoride, were 
found to improve the oxidation efficiency. The mechanism of the oxidation was considered 
by Miiller (Z. Elektrochem., 1904, 10, 49), who suggested that the anodic reaction was 
electrical and could be represented as IO,’ + H,O — 2e = 10,’ + 2H". The potential of 
this process was supposed to be high, and the oxidation could only occur where the over- 
voltage of the anode was such as to prevent oxygen evolution taking place preferentially. 
While accounting for some of the experimental observations, this theory meets with many 
difficulties, and in particular fails to account for the fact that the efficiency at lead dioxide 
and platinised platinum anodes is higher than at smooth platinum although the potentials 
are considerably lower. It appeared of interest, therefore, to reinvestigate the process and 
to see if any light could be thrown upon it by the theory of electrolytic oxidation developed 
in the previous parts of this series (Glasstone and Hickling, J., 1932, 2345, 2800; 1933, 829; 
1934, 10, 1772, 1878; 1936, 820; Hickling, J., 1936, 1453; Gross and Hickling, J., 1937, 
325; Hickling and Westwood, J., 1938, 1039; 1939, 1109). 


EXPERIMENTAL. 


The electrolytic apparatus consisted of a 400-c.c. beaker, forming the anode compartment, 
into which dipped a wide glass tube, stopped at its lower end with a tight filter-paper plug, which 
served to hold the catholyte. This arrangement had a low electrical resistance, which was 
necessary in view of the poor conductivity of certain of the iodate solutions, but completely 
prevented mixing of the anolyte and catholyte. The anode compartment also contained a 
cooling coil and thermometer. For most of the experiments a rectangular sheet-platinum anode 
of area 20 sq. cm. was used; this was mounted vertically, and rotated at 175r.p.m. A platinum- 
wire cathode was employed. Current was supplied from a 100-volt generator through rheostats 
and a milliammeter. In general, 0-01 faraday of electricity was passed, and the anode solution 
was then analysed. Except where otherwise stated, the temperature of the anolyte was kept 
at about 18°, and the C.D. was 0-025 amp./sq. cm. 

“ AnalaR ” Potassium iodate was used in preparing the anolyte, which was usually 0-1m- 
potassium iodate in either n-sulphuric acid or N-potassium hydroxide; occasionally a 0-Im- 
solution in water was used. These solutions are subsequently referred to as the acid, alkaline, 
and neutral stock solutions. 250 C.c. of anolyte were used in each experiment, and the catholyte 
was either dilute sulphuric acid or dilute potassium hydroxide solution according to whether an 
acid or an alkaline anolyte was being employed. The periodate formed in the electrolysis was 
estimated by Miiller and Friedberger’s method (loc. cit.). A measured quantity of the anolyte 
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was taken, acid or alkali added until it was just alkaline to-phenolphthalein, and solid sodium 
bicarbonate introduced, followed by excess potassium iodide; the iodine liberated was then 
titrated with standard arsenite solution, and the result expressed as a current efficiency. 


Results. 


Experiments with a Smooth Platinum Anode.—Before use, the platinum electrode was cleaned 
with warm concentrated hydrochloric acid, warm concentrated nitric acid, and water, and 
heated to redness. 

Influence of acidity and alkalinity. To investigate the influence of acidity and alkalinity, 
acid, neutral, and alkaline stock solutions were electrolysed : 


Electrolyte. Acid. Initially neutral. Alkaline. 
TEENCHOMCY, Gy cnn ceceeeccesevecccccessvce 1 2 11 


Obviously, periodate formation at a smooth platinum anode is markedly favoured by alkalinity. 
To ascertain at what py value in alkaline solution an optimum yield of periodate is obtained, 
electrolyses were carried out with 0-1m-potassium iodate in phosphate buffer, borate buffer, 
carbonate buffer, and potassium hydroxide solutions of various concentrations. 


2 a 9 12 13 14 14-3 
Ticiemcy, % cvscccccvccccccsccoccscs B 6 10 14 ll 10 
Hence, the maximum efficiency is obtained with an electrolyte of pg 13. 

Influence of anodic prepolarisation. To determine the effect of this procedure on the yield, 
the anode was prepolarised for 6 hours at the usual C.D., in either N-potassium hydroxide or 
n-sulphuric acid. The appropriate amount of iodate was then introduced without stopping the 
current, and the usual electrolytic experiment carried out. The results obtained, together with 


the efficiencies when the anode was used without prepolarisation, are given below in terms of 
the efficiency, % : 


Electrolyte. 
Prepolarised anode 
Unpolarised anode 


It is seen that prepolarisation markedly improves the yield in alkaline solution, but has no effect 


when an acid electrolyte is employed. The effect of the prepolarisation was found to be some- 
what transient; ¢.g., in one experiment, the anode after prepolarisation as above was kept in 
water for 5 minutes before the usual electrolysis with alkaline stock solution was carried out; 
the efficiency under these conditions was only 17%. The effectiveness of the platinum anode for 
periodate formation in alkaline solution seems closely connected with the potential it can attain. 
This is shown in Fig. 1, where the efficiencies obtained with anodes prepolarised for various times 
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are plotted against the average potentials of the anodes observed during the electrolysis of alkaline 
stock solution at the usualC.D. The potentials are expressed on the hydrogen scale; they may 
involve a small resistance error which will, however, be the same in each case. 

Influence of duration of electrolysis. Since anodic polarisation in alkaline solution favours the 
formation of periodate, it might be expected that in the ordinary electrolytic experiments the 
efficiency would increase with the duration of the electrolysis. To test this, alkaline stock 
solution was electrolysed with a clean platinum anode, various quantities of electricity being 
passed in separate experiments : 

antity of ‘ parepcd erected 00025 0-005 0-01 0-02 0-04 0-05 

ficiency, % ... veveee OZ 9-5 10-0 10-7 12-0 16-4 
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Influence of foreign anions. It was recorded by Miiller (Z. Elektvochem., 1904, 10, 753) that 
certain foreign anions, in particular fluoride, markedly favoured the formation of periodate. 
A comprehensive survey has therefore been made of the effect of adding the salts of various 
acids to the electrolyte. The salts chosen were such as not appreciably to affect the py of the 
electrolyte, or to give rise to anodic products which could bring about secondary reactions, as 
would be the case, ¢.g., with chloride. Observations were made in both acid and alkaline stock 


solutions. The electrolytes were in all cases made 0-1N with respect to the foreign anion. The 
efficiencies, %, are listed below. 


Substance added. —_ (None.) KF. KNO,. KCIOQ, K,SO, KH,PO, H,BO,. 
1 


RE Ssiscndixeacses 1 4 8 2 — 1 
Alkaline stock 50 28 24 14 13 10 


Of the anions tried, fluoride, nitrate, and to a less extent perchlorate, increase the efficiency in 
both acid and alkaline solutions; sulphate, phosphate, and borate ions do not have any marked 
influence. The acid stock solution normally contains sulphate ions, of course, but a separate 
experiment on the electrolysis of iodic acid alone gave the same efficiency as with the stock 
solution. 

Influence of temperature. To ascertain the influence of temperature, acid and alkaline stock 
solutions were electrolysed with a clean platinum anode, water at various temperatures being 
circulated through the coil in the cell. The following efficiencies %, were obtained : 


Temperature. 0°. 18°. 50°. 85°. 
Bah MBO, |. 600 600500000 000055 one ceceee 1 1 2 3 
Alkaline stock — ............sseseee0 18 ll 7 0 


It is apparent that in alkaline solution the efficiency falls with rising temperature, and in acid 
solution the converse is the case. 

Influence of C.D. To determine whether the use of a much lower C.D. would result in an 
enhanced yield of periodate, acid and alkaline stock solutions were electrolysed with the clean 


platinum anode at a C.D. of 000125 amp./sq.cm. The efficiencies, %, together with those for 
the ordinary C.D., are listed below. 


C.D., amp./sq. cm. 0-00125. 0-025. 
EIU . coucunaimhssececeest ccsuswsenens 1 1 
Alkaline stock .....cs.cccsecsseeeee 4 11 
It may be noted that, whereas decrease in C.D. results in a lower efficiency in alkaline solution, it 
has no effect in acid. 

Experiments with Lead Peroxide Anodes.—A lead sheet, 20 sq. cm. in area, was anodically 
polarised at the usual C.D. in n-sulphuric acid for 30 mins., washed with water, and used immedi- 
ately. Between consecutive experiments the electrode was cleaned with concentrated hydro- 
chloric acid, washed with water, polished with a wire brush, and repolarised. It was found 
impossible, however, to obtain reproducible results. In three apparently identical experiments 
for the electrolysis of acid stock solution, values for the efficiency of periodate formation were 
18, 44, and 61% severally. 

Glasstone (J., 1922, 121, 2091) showed conclusively from potentiometric studies that oxygen 
evolution at a lead anode takes place through the formation of an oxide of lead higher than the 
dioxide, probably PbO,, and that on allowing a polarised lead anode to stand, this oxide slowly 
decays. It appeared possible, therefore, that the anomalous behaviour of the lead anode in the 
present investigation might be due to the formation of this higher oxide in varying amounts. 
The formation of the oxide will obviously depend largely on the pretreatment of the anode, 
the time which elapses before use, the effective C.D. at various points on the surface during 
electrolysis, and possibly other, unknown factors. To test this point of view, an electrode of 
“ AnalaR ”’ lead was made up, and two sets of experiments were carried out. (i) The clean 
electrode was anodically polarised at a C.D. of 0-05 amp./sq. cm. in N-sulphuric acid for 30 mins., 
the C.D. then reduced to 0-0125 amp./sq. cm. and 0-1m-potassium iodate introduced, and the 
usual electrolysis carried out, the current not being interrupted at any point. (ii) The polaris- 
ation was carried out in the same way, but the electrode was allowed to stand for 30 mins. in 
distilled water before electrolysis of the iodate solution was performed. Between successive 
experiments the electrode was cleaned and polished. The efficiencies, %, for series (i) were 74 
and 66, and for (ii), 20 and 25. Although the results are not precisely reproducible, it is apparent 
that in the first set of experiments, where conditions are such as to favour the formation of 
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higher oxides of lead, the efficiency is vastly greater than in the second set, where opportunity 
is given for any such oxides to decay. 

It was found that an electrode formed by the deposition of lead dioxide on smooth platinum 
would give reproducible results when used as an anode in the electrolysis of iodate solutions, 
although the efficiencies were considerably lower than those observed with polarised lead anodes, 
and this type of electrode was therefore employed in the subsequent investigation in order to 
obtain reliable results for the effects of variable factors. The most satisfactory method of 
preparing the electrode was found to be the deposition of lead dioxide from Nn-lead acetate 
solution at the usual C.D. for 5 mins.; the anode was then rotated in distilled water for 10 mins. 
and used immediately. 

Influence of acidity and alkalinity. Acid, neutral, and alkaline stock solutions were electro- 
lysed, and the following results obtained : 


Electrolyte. Acid. Initially neutral. Alkaline. 
Efficiency, % ....cccscccvceeceeseeece 6 13 38 


As with smooth platinum, periodate formation is favoured by alkalinity. 

Influence of foreign anions. ‘To determine whether certain foreign anions would improve the 
yield of periodate at a lead peroxide anode, as was observed with smooth platinum, electrolyses 
were carried out of acid stock solution containing 0-1N-potassium fluoride, -potassium nitrate, 
and -potassium perchlorate, these substances having proved particularly effective with the 
smooth platinum anode. No increase in efficiency was found, as shown by the results below : 


Substance added. (None.) KF. KNO,. KCIOQ,. 
Efficiency, % ...+..scccseceeceeceeces 6 6 6 6 


Influence of temperature. The acid stock solution was electrolysed at various temperatures : 


Temperature. 0°. 18°, 55°. 85°. 
Efficiency, % -.0-0cc ccc ccccce sec ccecee 6 6 39 56 


The efficiency is markedly improved by rise of temperature. 

Other Electrode Materials.—In order to determine the influence of other anode materials, simple 
experiments under normal conditions were carried out with acid, neutral, and alkaline stock 
solutions, the size, shape, and apparent area of each electrode being the same as that of the 
smooth-platinum anode. Platinised platinum, manganese dioxide, nickel, and gas-carbon 
electrodes were used. Before use, the platinised platinum anode was cleaned with warm 
concentrated hydrochloric acid, warm concentrated nitric acid, and washed in water. The 
manganese dioxide was deposited on grey platinum by electrolysis of a slightly acidified solution 
of N-manganese sulphate at the usual C.D. for 10 mins. ; it was then washed and used immediately. 
The nickel electrode was washed with water and polished prior to use. The gas carbon was 
thoroughly washed with boiling water The results are summarised below, those for smooth 
platinum and lead dioxide being included for comparison. 


Efficiency, %. 
Anode material. Acid. Neutral. Alkaline. 

eee 2 1l 
6 14 
13° 38 
14 30 
0 0 

0 1* 


* This suit is ; doubtful, as 5 he anode was badly attacked. 


Potential Measurements.—In order to make measurements of the potentials at which the 
oxidation occurs, a small stationary platinum anode of area 0-1 sq. cm. was used, and its potential 
at a series of currents measured against that of a saturated calomel electrode by the potentio- 
meter—voltmeter method. Experiments were carried out at room temperature using stirred 
solutions with (a) the smooth platinum anode in n-sulphuric acid, acid stock solution, acid stock 
+ 0-1N-potassium fluoride, N-potassium hydroxide, alkaline stock solution, alkaline stock 
+ 0-1N-potassium fluoride, and with alkaline stock solution after the anode had been pre- 
polarised for 6 hours under the usual conditions; (b) the smooth platinum anode coated with lead 
dioxide in n-sulphuric acid, and acid stock solution; and (c) the anode after platinising in 
n-sulphuric acid, acid stock solution, N-potassium hydroxide, and alkaline stock solution. Except 
where otherwise stated, the anodes were polarised for a few minutes at the highest C.D. to be 
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used, and the potentials were then read as the current was decreased, and immediately after- 
wards a repeat experiment was carried out. The potentials, which were very definite, were in 
general reproducible within 2 centivolts. The values are given in Figs. 2 and 3 in the form of 
C.D.—potential curves, the potentials being expressed on the hydrogen scale. 

It may be noted that the anode potentials in the electrolysis 9f iodate solutions are not in 
general markedly different from the values for solutions of the same hydrogen-ion concentration 
not containing iodate; i.e., they appear to be merely oxygen evolution potentials. Prepolaris- 
ation of the smooth platinum anode leads to a marked increase in potential, as does also the 
presence of fluoride; addition of potassium nitrate also led to an increase in anode potential. 

Chemical Oxidation of Potassium Iodate-——The chemical oxidising action of the substances 
likely to be formed ‘at an anode was investigated. 

Oxygen. Gaseous oxygen was passed through a sintered-glass bubbler at room temperature 
for 24 hours into acid, neutral, and alkaline stock solutions. No oxidation could be detected 
in any case. The experiment was then repeated for 3 hours using boiling solutions, but again 


there was no action. ° 


Fic. 2, Fic. 3. 


Smooth platinum. 


ck 
in acid stock 


am 
P60, in acid stock 





& 
S 
ine stock (6hrs. prepolarising) 


Acid stock 
Acid stock+0-iN-KF 





Alkaline stock + 0-IN-KF 


Alkaline sto 


A kali 
Platinised Pt in N-HyS0g 





Platinsed Pt in N-KOH 
Platinised Pt in alkaline stock 


g 











_ 
S 
= 
S 
) 
= 
§ 
> 
S 
3s 
*% 
S 
NS 
c 
S 





S 


is 


4 
"Os 1S 25 3 10 2-0 
Anode potential! Wolke). Anode jebinedat (volts) 














Hydrogen peroxide. Tanatar (Ber., 1899, 32, 1015) recorded that hydrogen peroxide reacts 
with periodate solutions with evolution of oxygen, but the process does not appear to have been 
investigated thoroughly. A more detailed study of the reaction has therefore now been made. 
A known amount of hydrogen peroxide was allowed to react with a known excess of potassium 
periodate and the process allowed to go to completion. The oxygen evolved was measured, and 
the amounts of periodate and iodate were separately determined ; no hydrogen peroxide could be 
detected. From the figures obtained, a satisfactory weight balance for the formation of iodate 
and oxygen against the decomposition of hydrogen peroxide and periodate according to the 
equation KIO, + H,O, = KIO, + O, + H,O was obtained. The velocity of the reaction in 
acid and alkaline solutions was investigated at 18° by measuring the rate of evolution of oxygen. 
From the values obtained, it appears that the reaction velocity can be fairly accurately represented 
by a second-order equation. The velocity constants calculated on this basis were 5 for the 
reaction in n-sulphuric acid and 26 for N-potassium hydroxide (units: moles/l., mins.). The 
presence of anions such as nitrate and fluoride did not affect the velocity constants. 

Metallic oxides. The reaction of metallic oxides, which might possibly be formed at the 
various electrodes, with potassium iodate was investigated. 250 C.c. portions of acid, neutral, 
and alkaline stock solutions were treated in separate experiments with a weight of oxide con- 
taining 0-01 g.-equiv. of available oxygen (corresponding to the normal electrolysis). Arbitrary 
conditions for investigating the reaction in the hot and the cold were adopted, viz., boiling the 
mixture for 1 hour, or keeping it at room temperature with periodic agitation for 60 hours; the 
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solutions were then filtered and analysed for periodate in the usual way. The yield was expressed 
as a percentage of that which would have been obtained if all the available oxygen had been used 
in converting iodate into periodate. The oxides used are given below. The first two were 
prepared in a pure state by routine methods; the third was prepared by Chirnoaga’s method 
(J., 1926, 1698). The oxides of platinum were made according to the methods described by 
Wohler et al. (Z. anorg. Chem., 1904, 40, 423; Ber., 1909, 42, 3326). Owing to the limited amount 
of platinum available, amounts of the oxides smaller than above specified were used (0-005— 
0-002 g.-equiv. of available oxygen). The results obtained are summarised in the following 
table. 
PbO, MnO,  NiO,. Pto,. PtO,. 

{Resta ik sdesisete Neh evamences 0 0 

Cold ¢ Mewtral: osc sic iss cicccsscsccoons 5 2 

PEE « -htnsdatepricdaveosencsaces. 0 


PD, aaniticndinscdohseanup ort 0 trace 
BOE SPREE sac cccnccdecconcccocecce 0 1 
i  ssbisisinesatinesanecssieens 42 ° 0 


DISCUSSION. 


The experimental results seem to indicate conclusively that the electrolytic itd of 
iodate to periodate is not a purely electrical reversible process represented by the equation 
IO,’ + H,O — 2e = I0,' + 2H’. Such a process should be characterised by a definite 
oxidation-reduction potential, and provided that potential can be attained, the oxidation 
should be largely independent of variable factors such as anode material, temperature, etc. 
In the present case the C.D.—potential curves show no sign of any definite potential associated 
with the reaction; on the contrary, the oxidation takes place more efficiently at lead 
dioxide and platinised platinum anodes at a low potential than it does at smooth platinum 
at a higher potential. For instance, in acid stock solution at the usual C.D., anode poten- 
tials at lead dioxide, platinised platinum, and smooth platinum were 1-85, 1-80, and 2-05 
volts respectively, whereas the efficiencies were 6, 2, and 1%. Many other such anomalies 
can be quoted. It is true that in the case of any one electrode, in which anodic polarisation 
is attended by a rise of potential, such polarisation is in general accompanied by an increase 
in efficiency, and it was on this basis that the original mechanism for the oxidation was 
advanced (Miiller, Z. Elektrochem., 1904, 10,49). Nevertheless, consideration of the poten- 
tials at the different electrodes (see above) renders this explanation definitely untenable.* 
Further grounds for the rejection of the electrical mechanism lie in the influence of temper- 
ature; although in the case of smooth platinum in alkaline solution increase of temperature 
leads to a decrease in efficiency, which is in accordance with Miiller’s view since the oxygen 
over-voltage of the electrode will be lowered by rise of temperature, yet this is not borne out 
by the influence of temperature in other circumstances in which the effect is reversed. It may 
be noted that attempts to measure the static potential of the periodate—iodate system have 
not given significant results (Miiller, ib:d., 1903, 9, 584; see also Abel and Smetana, 
Monatsh., 1932, 60,181). The simple view that oxygen is first formed at the anode and then 
brings about chemical oxidation of the iodate to periodate, seems equally unsatisfactory. 
The chemical experiments show that gaseous oxygen does not oxidise iodate, and the 
C.D.—potential curves show no depolarisation for oxygen except to a small extent in the 
case of a lead dioxide anode. 

The main features associated with electrolytic periodate formation which emerge from 
the present investigation, and for which any theory must satisfactorily account, are as 
follows: (a) the effect of anode material, (b) the increasing yield with anodic polarisation, 
(c) the effect of‘acidity and alkalinity, and (@) the influence of temperature. 

All the observations’ can be accounted for if the actual oxidation is regarded as brought 
about by metallic oxides formed on the anode surface, a secondary effect being attributed to 
hydrogen peroxide which, according to the general theory previously developed, is formed 
initially in the discharge of hydroxyl ions. The chemical experiments show that certain 
metallic oxides will oxidise iodate to periodate, and in addition it has been shown that 


* The anomaly in the case of lead dioxide was recognised by Miiller, who attempted to explain it 
by an additional ad hoc hypothesis involving a specific catalytic action. 
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hydrogen peroxide reduces periodate to iodate. The total process at the anode might 
therefore be represented as follows : 


20H’ + 2@ —> 20H —> H,0, —> H,O + O—> 40, 


’ | 


Reduces IO,’ to IO,’ May oxidise IO,’ to 
IO,’ through for- 
mation of a met- 
allic peroxide 
The criteria, therefore, for a high yield of periodate in electrolysis will be primarily that a 
suitable metallic peroxide can be formed, and secondarily, that conditions shall be such as 
to favour the decomposition of hydrogen peroxide. 

The influence of anode material can then readily be explained. It has been shown that 
lead dioxide wlll:oxidise iodate to periodate, and moreover, it is an excellent catalyst for 
hydrogen peroxide decomposition. It would be expected therefore that a lead dioxide 
anode would give good yields in the electrolysis, as is found to be the case. The anomalous 
behaviour of the uncontrolled lead peroxide anode and the increased current efficiency 
attendant on prepolarisation, may then be explained as previously indicated by the form- 
ation of an unstable oxide, higher than PbO,, which is a better oxidising agent. In the 
case of platinum it has been shown that of the oxides which have been examined only the 
higher will convert iodate into periodate, and smooth platinum is only a moderate catalyst 
for the decomposition of hydrogen peroxide. Hence, platinum anodes should in general 
give a low efficiency for periodate formation, but one which should be markedly improved by 
conditions favouring the formation of higher oxides on the anode and the decomposition of 
hydrogen peroxide. As an example of the first factor we have the influence of anodic 
polarisation, and as an example of the second there is the increase in efficiency which results 
on platinising the electrode. The effect of anions such as fluoride and nitrate in increasing 
the efficiency at a platinum anode is not entirely clear, but the measurements show that 
these anions bring about an increase of potential, and hence it may be supposed favour the 
production of higher oxides at the platinum surface. That the effect is one on the electrode 
material was shown by an experiment in which the smooth platinum anode was prepolarised 
for 10 minutes in a solution of 0-1N-potassium fluoride in N-potassium hydroxide, after 
which it was removed from this solution, quickly washed, and used for a normal electrolysis 
of alkaline stock solution; a current efficiency of 21% was obtained which is considerably 
higher than the usual value. 

In the case of nickel a fairly high current efficiency was observed, and although the yield 
by chemical oxidation does not stand very well in relation to this value, when compared 
with lead dioxide for example, it is noteworthy that actual chemical oxidation has been 
brought about by NiO,. With a manganese dioxide anode, however, the zero value of 
current efficiency is reflected in the absence of chemical oxidation. That a gas-carbon anode 
should yield poor efficiencies is not unexpected on the present theory, since the oxides of 
carbon are not good oxidising agents. 

The general effect of alkalinity in improving the oxidation efficiency must be attributed 
to the secondary action of the hydrogen peroxide at the anode. In alkaline solution the 
rate of decomposition of hydrogen peroxide is vastly greater than in acid solution and hence 
the hydrogen peroxide formed will have less chance of destroying the periodate. In order 
to demonstrate that actual reduction of periodates at an anode can take place, an experi- 
ment was carried out in which a 15% solution of periodic acid was electrolysed at a current 
density of 0-00125 amp./sq. cm., and the ratio of the oxygen evolved to the hydrogen from 
a standard coulometer was determined by gas analysis. A mean value of 0-524 for the 
molar ratio was obtained. Attempts to improve the current efficiency of periodate form- 
ation in the normal electrolysis by the introduction of metallic salts capable of bringing 
about hydrogen peroxide decomposition were unsuccessful owing to precipitation of the 
metallic ion by either iodate or periodate. 

According to the view put forward for the mechanism, it would be anticipated that 
increase in temperature would result in increase in oxidation efficiency, since it should 
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facilitate oxidation by the metallic oxide, and at the same time assist in the decomposition 
of hydrogen peroxide. This is in agreement with the results obtained with one exception, 
viz., that of smooth platinum in alkaline solution. This anomaly might conceivably be 
attributed to an effect of temperature in decreasing the polarisation and hence hindering 
the formation of the higher oxide of platinum which is considered necessary to bring about 
the oxidation. 
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54. The Optical Activation of Acids, and a New Resolution Process 
depending on it. 
By MARGARET M. JAmison and E. E. TURNER. 


In a previous paper (J., 1938, 1646) it was shown that the equilibrium in a non- 
hydroxylic solvent between the diastereoisomeric salts, base—d-acid and base—I-acid, of 
an optically active, optically stable base with an optically unstable acid is disturbed by 
adding an excess of the free acid. A technique was outlined for the detection, by means 
of “ addition curves,” of potential optical activity, even of a highly unstable kind. 
The evidence for the validity of the method has now been further analysed by the 
examination of acids of moderate optical stability, since this permits of the construction 
of curves showing both initial readings and final readings. Thus (Fig. 1), an acid of 
very low optical stability might give an addition curve ABC, whereas with an acid of 
moderate optical stability an initial curve ADE could also be constructed. In this way, 
effects other than those due to asymmetric transformation can be assessed. 

It has been shown that excess of acid, which always increases the rate of asymmetric 
transformation, may either accentuate or reverse a change occurring when base and acid 
are present in equivalent amounts. In the second case a method becomes available 
for the isolation, for the first time, of both dextro- and levo-rotatory samples of an 
acid without the use of more than one resolving agent or the intermediate separation of 
a solid salt. 


IN a previous communication (Joc. cit.) we outlined a new method for the examination of 
acids of low optical stability, one essential part of the method being to determine the 
optical rotation of a solution of a stable active base in presence of increasing quantities of 
the acid under investigation. The results were expressed by means of “ addition curves,” 
and in two instances deductions drawn from such curves led to the proof that at low 
temperatures the acids possessed measurable optical activity. On the other hand, although 
this afforded a satisfactory test of the general implication of the curves, the latter were 
incomplete, since information regarding the initial rotations for equilibrating solutions of 
different acid : base ratios was lacking. 

Of the acids studied, only 4: 6: 4’-tribromo-N-benzoyldiphenylamine-2-carboxylic 
acid (I) possessed sufficient optical stability for mutarotation due to activation to be 
observable at the ordinary temperature. With this acid and nor-d--ephedrine in chloro- 


TO One, QA, 


OPh . 
(I.) (II,) (III.) 


form solution, activation was detectable even before the acid : base ratio 1 : 1 had been 
reached, and thereafter the extent of activation steadily increased. Two addition curves 
were thus obtained: the “initial” curve of type ADE (Fig. 1), representing rotations 
taken as soon as possible after mixing, and the “ final” curve of type ABC, showing 
rotations after mutarotation had become complete. It is evident, therefore, that in 
the case of an optically very unstable acid the corresponding ADE curve could not be 
realised, since the mutarotational changes represented by DB, EC, and so on may be 
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almost instantaneous. Without the curve ADE as standard (i.¢., to include all extraneous 
effects of solvent, etc.) the value of the final curve ABC as a criterion of potential optical 
activity is materially lessened (except within a series of closely related acids; compare 
Jamison and Turner, Joc. cit.). On the other hand, the acid : base ratio at which activation 
begins may vary from one example to another, ABF and ABC representing another possible 
pair of initial (but not realisable) and final (observable) addition curves. In order to obtain 
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more information about these different types, it was essential to study a larger selection of 
acid—base pairs, and in particular it was important, in order to realise initial curves, to use 
acids, solution of which could be made up very quickly. The tribromo-acid had the 
disadvantage of dissolving slowly and to only a small extent in the solvent employed. 

The first new acid synthesised for the purpose of this investigation was N-benzoyl-6- 
methyldiphenylamine-2-carboxylic acid (II). With nor-d-f-ephedrine in chloroform 
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solution, mutarotation occurred when the acid : base ratio was 0°5 : 1, the rotation becoming 
less positive. At the ratio 1 : 1 the amount of change increased; at 1-25 : 1 it was relatively 
small, and at 2:1 extensive mutarotation occurred in the opposite sense, the positive 
rotation of the solution increasing (Fig. 2*). A similar result was obtained with cinchoni- 

* Addition curves 2—10 give a for / = 2 and A = 5461. Initial rotations are shown by broken 
lines, and final by full lines. 
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dine (Fig. 3), the solvent (X) in this case being chloroform to which 1/40th of its volume of 
ethyl alcohol had been added: this mixture was found to be a better solvent than pure 
chloroform for all the acids used. . The value for each rotation at the time of mixing acid 
and base in solution was obtained by following the mutarotation against time (f), and 
extrapolating to ¢ = 0 the straight-line plot of log («, — «,,) against ¢, this procedure being 
essential with rapidly mutarotating solutions. 

From this result it appeared that a new and unexpected phenomenon had been observed, 
for in the case of both alkaloids the equilibrium, base-d-acid == base-/-acid, had apparently 
been displaced in one direction at low acid : base ratios and in the other direction at high 
acid : base ratios. The mutarotational changes were, however, rather rapid, and it became 
desirable to seek a more optically stable acid with which a similar reversal of sign of mutarot- 


ation occurred. 
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N-Benzoyl-2 : 6'-dimethyldiphenylamine-2'-carboxylic acid (III) was distinctly more 
‘ stable optically than the 6-methyl acid (II), but was unsuitable in that it solvated with 
extreme readiness, particularly with water and hydroxylic compounds in general. More- 
over, although with cinchonidine in solvent X, mutarotation occurred at all the acid : base 
ratios selected, it was greatest at 1:1, decreased up to 2:1, and then increased again at 
3:1 (Fig. 4). Here, therefore, the change base-l-acid —-> base-d-acid is quicker than the 
reverse change. Proof that each equilibrated solution contained excess of (combined or 
free) d-acid was obtained by removing the cinchonidine by rapid extraction with mineral 
acid. Ineach case, a chloroform solution was left with a d-rotation which rapidly diminished 
to zero. 

The next acid examined was 4: 6-dichloro-N-benzoyldiphenylamine-2-carboxylic acid 
(IV). This was considerably more soluble than the tribromo-acid (I) and was almost 
equally stable optically. With nor-d-p-ephedrine in chloroform it gave an addition curve 
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(Fig. 5) strongly resembling that for the tribromo-acid and the same base. Activation 
began at quite small acid : base ratios and steadily increased in extent with further addition 
of acid. With cinchonidine and the dichloro-acid in solvent X an effect similar to that 
found with the methyl acid (II) was observed (Fig. 6). At acid : base ratios 0-5: 1, 1:1, 
and 1-25: 1, dextromutarotation occurred, that at 1:1 being the most extensive, whilst 
at ratios 2: 1 and 3: 1 levomutarotation occurred and was particularly marked at the 3: 1 
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ratio. Extraction with mineral acid of the equilibrated solutions showed that at the 1:1 
ratio d-acid, and at the 3 : 1 ratio /-acid, was present (free or combined) in excess. 

The dichloro-acid was optically sufficiently stable to make it possible to determine the 
rate of racemisation of the d- and the Lacid, each of these being obtainable from the 
appropriate equilibrated solution. This was evaporated at a low temperature, and the 
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residual glass dissolved in pyridine at —20°. Addition of the solution to dilute mineral 
acid at —5° precipitated the free acid, which, although largely racemic, was active enough 
for rate measurements. The racemisation of the d- and the /-acid at 15° in solvent X gave 
k = 0-15 + 0-02 (min.“'; log,,).* 
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For comparison purposes the amount of activation for each stage of the addition of the 
tribromo-acid (I) to cinchonidine has been determined by the extrapolation method. 
Fig. 7 gives the results and shows that the amount of activation increases rapidly with 
increase in the acid : base ratio. 


* These units are used throughout, unless otherwise stated, both in this and in the previous paper 
(loc. cit.). 
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The rates of equilibration for mixtures of the dichloro-acid (IV) and cinchonidine in 
solvent X gave the following mean results : 
Ratio of acid: base ................. L:l 2:1 3:1 
W - ssccccsdscvescc sesvsedsadecccbcsductosdess | OE 0-05 0-10 
Here the mutarotation at 1: 1 is towards the more positive, and that at 2:1 and 3:1 is 
towards the more negative, but the 
Fic. 8. measured rate constant steadily in- 
a creases. 

The last acid of the diphenylamine 
series to be investigated was 2-chloro-N- 
benzoyl-6’ - methyldiphenylamine - 2’ -carb- 
oxylic acid (V). This proved to be 
excellent experimental material, since it 
was readily soluble, had little, if any, 
tendency to solvate, and had moderate 
optical stability. It was obtained in 
two crystalline forms, prisms and needle- 
clusters, both melting at 197—198°. In 
presence of acetone and light petroleum 
Maa the prisms gradually grew at the expense 

p——~¢ of the needles, the latter entirely dis- 
appearing within a few weeks. Both 
forms invariably separated side by side, 
J° =642:3° = 42-5" me +2:7° +29° +3/° the needles predominating at first. The 
; possibility was considered that the two 
forms might be two racemic stereoisomerides, such as are possible when two regions of 
restricted rotation are present in the same molecule. Examination in solvents in presence 
of active bases convinced us that this possibility had not been realised. 

Addition curves have been worked out for the chloro-methyl acid (V) in solvent X with 

three different alkaloids. All these curves exhibit points of interest. 
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With cinchonine (Fig. 8) no mutarotation could be detected at the acid : base ratios 
0-5: lorl:1. At higher ratios slight activation occurred, and increased with the propor- 
tion of acid. It is evident, of course, that the magnitude of an activation effect depends on 
a number of factors, including the absolute rotations of the individual components of the 
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system concerned, and a small rotational change in one case may be as significant as a 
large one in another. 

With brucine and acid (V) (Fig. 9) there was considerable mutarotation at the 0-5: 1 
acid : base ratio and it increased at the 1:1 ratio. With higher proportions of acid it 
decreased, but remained of the same rotational sign, indicating that base-d-acid was more 
stable than base—J-acid. From this it should follow (van ’t Hoff—Dimroth rule) that in 
solvent X and in related solvents, base—J-acid should be less soluble than base-d-acid, 
provided that solvation did not complicate matters. On addition of ether to an alcoholic 
solution of equivalent quantities of brucine and the dl-acid, second-order asymmetric 
transformation set in, and almost the whole of the salt in solution slowly crystallised out as 
the pure brucine |-salt, the specific rotation of which was found by the extrapolation method 
to be [«]?%, — 383° in solvent X. It proved impossible entirely to remove the brucine from 
this salt by the usual pyridine method, but by pouring the solution of the salt in cold formic 
acid into cold dilute mineral acid and repeating this process twice, the partially racemised 
l-acid was obtained. For the racemisation of the acid in solvent X at 20°, & was found to be 
0-068. 
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It was clear from the addition curves that neither the cinchonine nor the brucine mixtures 
with acid (V) were suitable for a kinetic study of the effect of varying the acid : base ratio 
on the speed of activation. It was found, however, that quinidine in solvent X provided a 
very satisfactory series of changes, the examination of which gave the following results : 

For the addition experiments, 0-1620 g. of quinidine was used together with the appro- 


priate amount of acid dissolved in 20 c.c. of solvent X. Readings are for 20-0°, / = 2, 
and 4 = 5461. 








Acid : base ratio 0:1 05:1 1:1 1:25:1 15:1 2:1 3:1 4:1 o:l 
Initiala .... 4-80° 4-53° 435° 4-31° 431° 4-30° 4:23° 431° — 
Final a — 3-90° 2-99° 3-04° 3-15° 3-32° 3-67° 3-94° — 
Change ina ......... — 0-63° 1-36° 1-27° 1-16° 0-98° 0-56° 0-37° — 
Based een ae Le Pee er Meee — — 00106 0-054 0-082 0-115 — — 0-068 


The addition results are shown in Fig. 10, and attention is directed to the almost “ ideal ” 
curve for initial rotations. This is probably due to the small solvating tendency of this 
particular acid. 

These results are of great interest, for they show that as regards extent of activation the 
effect is greatest when the acid : base ratio is 1: 1, but that the speed of activation increases 
as the proportion of acid is increased, as it does in every case so far examined. The com- 
bined results of the rate measurements are shown in Fig. 11. The most striking feature of 
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the results is that, although in our previous work (loc. cit.) it appeared probable that the 
fastest process in an equilibration would be less fast than the racemisation of the free acid, 
the equilibration of the chloro-methyl acid—quinidine mixtures is already faster than the 
acid racemisation at the acid : base ratio 1-5: 1. 

In order to obtain further information on this matter, we have determined the rate of 
racemisation of the chloro-methy] acid in solvent X in presence of (a) 0-5 mol. of quinoline, 
(6) 1 mol. of quinoline, and (c) 1 mol. of papaverine (this being selected as an optically 
inactive base approximating more to the type of active base used in the experiments). 
The values found for kg. were (a) 0-202, (b) 0-264, and (c) 0-168, so that in each case the rate 
constant is far greater than that for the free acid. 

Nevertheless, it is known that sometimes the salt of a stably active base with an active 
acid is more easily racemised (or equilibrated) than the corresponding metallic salt. For 
instance, the sodium salt of 4-oximinocyclohexanecarboxylic acid is optically more stable 
in solution than the quinine salt (Mills and Bain, J., 1910, 97, 1866); the ammonium salt of 
cyclohexanone-4-carboxylic acid benzoylphenylhydrazone is more stable than the quinine 

salt (idem, J., 1914, 105, 64); and whereas the brucine salt of 

CO,H N -benzenesulphonyl-8-nitro-1-naphthylglycine has a half-life period 

= of about 5 mins., the.free acid has a half-life period of 16—17 mins. 

N under similar conditions (Mills and Elliott, J., 7998, 1291). It would 

bop, | seem probable from space considerations that the salt of any of our 

diphenylamine acids with a bulky alkaloid molecule must have 

greater restriction of rotation than the free acid, but evidently the converse must be true 

in some cases, and the investigation of this point should throw light on the nature of such 
salts in solution. 

The mechanism of the accelerative effect, on cilia of excess of free acid is still 
obscure. It is possible that the addition of excess of acid merely provides more molecules 
with which base-d-acid and base-/-acid can collide. Reactions of the type 


Base-d-acid + /-acid == base-l-acid + d-acid 


can also play a part, but the fact that all our changes are of the first order must be borne in 
mind. On the simple collision view, addition to a 1 : 1 mixture of chloro-methyl acid and 
quinidine of 1 mol. of an inactivable acid, e.g., N-benzoyldiphenylamine-4-carboxylic acid 
(VI), should increase the rate of equilibration, and this we actually found to be the case, 
the velocity constants being (solvent X; 20°) : 


1 mol. Quinidine + 1 mol. chloro-methy]l acid . sessseee & = 0-0106 
1 mol. Quinidine + 1 mol. chloro-methyl acid + ‘| mol. acid. (VI) . pati aibineied k = 0-084 


(VI.) 


The extent of the activation is necessarily decreased, owing to the competition of the 
chloro-methyl acid and acid (VI) (chosen because of its similarity to the chloro-methy] acid 
in general properties) for the quinidine. 

This pair of experiments also established another point. Since the initial rotations in 
the two experiments are the same, a reaction between the quinidine chloro-methy] acid salts 
and the second acid cannot be at all rapid. It is conceivable, though not probable, that if 
1 mol. of an active base were added to a solution containing 2 mols. of an activable acid, the 
base might combine selectively with one form of the latter at the outset. It was found, 
however, that a solution containing 2 mols. of the chloro-methy]l acid and 1 mol. of quinidine 
had the same initial rotation whether it was made by mixing 2 mols. of acid with one of base, 
or by adding 1 mol. of acid to a solution which had immediately beforehand been made to 
contain 1 mol. each of base and acid. The velocity constants of the two subsequent 
activation processes were respectively ky. 0-115 and 0-116. 

Hitherto, activation has been studied by the addition-curve method only with deriv- 
atives of N-benzoyldiphenylaminecarboxylic acids. We have now applied the method to 
the investigation of N-benzenesulphonyl-8-nitro-l-naphthylglycine (Mills and Elliott, 
loc. cit.). An interesting discovery was made during the preparation of the brucine d- and 
l-salts of this acid, for in addition to these salts, which were formed exactly as described 
by Mills and Elliott, the brucine dJ-salt was obtained by cooling a warm solution in methyl 
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alcohol of equivalent proportions of brucine and the acid. For work with alkaloids other 
than brucine, we required one of the free active acids, which had not previously been 
prepared: the /-acid was therefore made from the brucine /-salt by the cold pyridine 
decomposition method. 

The addition curve for the dl-acid and brucine in chloroform showed that mutarotational 
effects were relatively small, but with cinchonidine a number of observations of some 
interest were made. It was found in the first place that the rotation of the cinchonidine 
salt in “‘ AnalaR ” chloroform varied from sample to sample of the latter, and this was 
shown to be due to the presence of variable traces of alcohol in the chloroform. The 
acid was sparingly soluble in chloroform, but became readily soluble in presence of a little 
alcohol, ¢.g.,in solvent X. Mutarotation of the 1 : 1 mixture of the acid and cinchonidine 
in pure chloroform was so pronounced that it was of great interest to determine the equi- 
librium composition. This was done by determining the initial (extrapolation method) 
and final rotations of the two mixtures: (a) 1 mol. each of dl-acid and cinchonidine and (0) 
1 mol. each of /-acid and cinchonidine. The initial and final specific rotations for salt in (a) 
were respectively [«]:%, — 35-5° and — 87-3°, and in (b) — 255-5° and — 87-3°.. From 
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these figures, negligible dissociation and strict ae of rotations being assumed, it 
was calculated that the equilibrium was 


Cinchonidine d-salt (38%) == Cinchonidine /-salt (62%) 


Although these percentages cannot be more than approximate, it seems clear that the differ- 
ence in free energy between the two salts is considerably greater than that between the two 
cinchonidine salts, previously investigated, of the tribromo-acid (I), for in this case the 
equilibrium composition under similar conditions was: cinchonidine d-salt, 49%; cin- 
chonidine /-salt, 51° (Jamison and Turner, oc. cit.). 

Although the Mills-Elliott acid was much more soluble in solvent X than in pure 
chloroform, mutarotation was less extensive in X. On the other hand, it was possible to 
study the effect on the extent of mutarotation, in X, of varying the acid : base ratio. The 
results are given in Fig. 12, which shows that activation produces a more negative rotation 
at the ratios 0-5: 1, 1:1, 1-25: 1, and 2:1, the extent of mutarotation being greatest at 
about1:1. At2:1 it is smaller, and at 3: 1 it is almost zero, whilst at 4: 1 mutarotation 
occurs, but produces a more positive rotation than that of the original 4:1 mixture. 
Extraction of the equilibrated solutions with mineral acid gave solutions of acid which, 
from the 1:1 and 2:1 mixtures, were rotatory; from the 4:1 mixture a d-rotatory 
solution of acid was obtained, whereas the acid from the 3 : 1 mixture was inactive. 

It is intended later to deal with the effect of solvent on some typical activation equilibria. 
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As stated in our previous paper, it is probable that activation will be more pronounced 
in non-hydroxylic solvents. At present, we merely record some observations made with 
the Mills—Elliott acid in absolute ethyl alcohol. The results are given in Fig. 12, from which 
it is seen that activation does occur in alcohol, but to a very much smaller extent than in 
solvent X. 

The present investigation has added considerably to our factual knowledge of activation 
phenomena. Attention may be directed to some aspects of activation of an acid of low 
optical stability in chloroform solution in presence of an optically stable, optically active 
base: (1) In some instances, increase in the acid : base ratio may at a certain point be 
accompanied by the disappearance of activation which was pronounced at lower acid : base 
ratios. At still higher ratios, activation will then usually reappear, but the accompanying 
mutarotation will be in the opposite sense to that observed at the lower acid : base ratios. 
(2) Sometimes the extent of activation is appreciable at the 0-5 : 1 ratio, attains a maximum 
at the 1:1 ratio, and thereafter remains almost constant. (3) In every example studied, 
increase in the acid : base ratio from 1 : 1 to 2: 1 or 3: 1 is accompanied by increase in the 
speed of activation, even when the initial and final curves intersect, as in Fig. 4. It must 
further be noted that all the mutarotational changes involved are kinetically of the first 
order. 

Considerable interest attaches to the significance of the point of intersection of an 
initial and a final curve. Since it has been shown that addition of a base to excess of a 
dl-acid gives initially equal amounts of base-d-acid and base-/-acid, then, if activation 
depends solely on the change in the relative proportions of these two salts, the point of 
intersection must represent conditions under which the latter remain in equilibrium in 
equivalent quantities. On the other hand, the point of intersection usually is reached as a 
result of the diminution in an effect which attained its maximum extent at the 1:1 
acid : base ratio. The diminution would then appear to be due to the beginning, at the 1: 1 
stage, of a new process which owes its inception and continuance to the presence of an 
excess of acid. If this were so, the point of intersection would represent a solution in which, 
as a result of the relative rates of the two changes 


Base-d-acid == base-l-acid and free d-acid == free /-acid 


optical compensation was brought about, so that, although on making up the initial 
mixture corresponding to this point no mutarotation was observable, this would be due to 
the mutual cancellation of the rotational changes occasioned by the two processes cited. 
The available facts do not allow us to analyse addition curves more precisely at present. 


EXPERIMENTAL. 


The following syntheses were effected by the general method described by Jamison and 
Turner (J., 1937, 1954). 

Preparation of N-Benzoyl-6-methyldiphenylamine-2-carboxylic Acid.—(a) Phenylbenzimino-2- 
carbomethoxy-6-methylphenyl ether crystallised from methyl alcohol in angular plates, m. p. 93° 
(Found: C, 76-4; H, 5-6. C,,H,,O,N requires C, 76-6; H, 5-5%). 

(b) Methyl N-benzoyl-6-methyldiphenylamine-2-carboxylate. The above ether underwent 
isomerisation readily when heated at 260° and a 92% yield of ester was obtained. The ester 
crystallised from alcohol in prisms, m. p. 106—107° (Found: C, 77:2; H, 5-8. C,,H,,0O,N 
requires C, 76-6; H, 5-5%). 

(c) N-Benzoyl-6-methyldiphenylamine-2-carboxylic acid crystallised from alcohol in rectangular 
plates, and from acetone-light petroleum (b. p. 60—80°) in needles, m. p. 195—196° (with 
previous softerling) (Found: C, 75-2; H, 5-3. C,,H,,0O,N requires C, 76-1; H, 5-1%). 

Preparation of N-Benzoyl-2 : 6'-dimethyldiphenylamine-2'-carboxylic Acid.—(a) N-o-Tolyl- 
benzimino-2'-carbomethoxy-6-methylphenyl ether. The iminochloride obtained from _benz-o- 
toluidide and phosphorus pentachloride was condensed with the sodium derivative of methyl 
o-cresotate. The ether was crystallised from methy? alcohol and then from light petroleum 
(b. p. 60—80°). It formed prisms, m. p. 96—97° (yield, 60%) (Found: C, 76-7; H, 5:8. 
C,3H,,0,N requires C, 76-85; H, 5-9%). 

(b) Methyl N-benzoyl-2 : 6'-dimethyldiphenylamine-2'-carboxylate. The above ether under- 
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went intramolecular change at 290°. The methyl ester formed prisms, m. p. 145°, from methyl 
alcohol (Found : C, 76-9; H, 5-8. C,,H,,0O,N requires C, 76-85; H, 5-9%). 

(c) N-Benzoyl-2 : 6’-dimethyldiphenylamine-2'-carboxylic acid. This acid solvates with 
extreme readiness. When crystallised from ethyl alcohol and air-dried, it contained 1 EtOH 
(3-5917 G. lost 0-4198 g. EtOH at 100°. Calc. for 1 EtOH: 0-4225g.). After being dried over 
phosphoric oxide in a vacuum it gradually became free from solvent and had m. p. 184° (with 
previous softening) (Found: C, 75-7; H, 5-5. C,,H,,O,N requires C, 76-5; H, 5-5%). 

Preparation of 4: 6-Dichloro-N-benzoyldiphenylamine-2-cayboxylic Acid.—(a) N-Phenyl- 
benzimino-4 : 6-dichloro-2-carbomethoxyphenyl ether. The general method was modified in that 
the methyl dichlorosalicylate, being sparingly soluble, was added as a suspension in ethyl alcohol 
to the sodium ethoxide solution immediately before adding the ethereal solution of benzanilide- 
iminochloride. The ether separated from alcohol in thick square plates, m. p. 112—113° 
(yield, 84%) (Found: Cl, 17-6. C,,H,,;0,;NCI, requires Cl, 17-7%). 

(b) Methyl 4 : 6-dichloro-N-benzoyldiphenylamine-2-carboxylate. The above ether underwent 
isomerisation with great ease, the change beginning at 220°. The methyl ester crystallised from 

, ethyl alcohol in rhombohedra, m. p. 117—119° (yield, 89%) (Found: Cl, 17-6. C,,H,,0,NCl, 
requires Cl, 17-7%). 

(c) 4: 6-Dichloro-N-benzoyldiphenylamine-2-carboxylic acid separated from alcohol in small 
prisms, m. p. 214—215° (with previous softening) and then from acetone-light petroleuin (b. p. 
40—60°) in prisms, m. p. 216—217° (with softening from 209°) (Found : Cl, 18-1. Cy H,;0,NCl, 
requires Cl, 18-4%). 

Preparation of a specimen of the preceding acid containing excess of the d-form. 0-7720 G. 
of the acid (1 mol.) and 0-5880 g. of cinchonidine (1 mol.) were dissolved in 20 c.c. of chloroform. 
After equilibration had been completed (2 hours), the solution was rapidly evaporated in a 
vacuum: no crystalline material separated during the evaporation. The glassy residue was 
dissolved in pyridine at —20°, and the solution poured into dilute hydrochloric acid containing 
ice. e precipitated acid was washed with water and dried in a vacuum, and 0-1470 g. was 
dissolved in solvent X (20 c.c.), whereupon the observed rotation (} = 2; 4 = 5461) fell from 
+0-30° to zero. The racemisation was followed at 15° and the mean velocity constant, k, from 
two determinations was 0-15 + 0-02. 

Preparation of a Specimen of 4: 6-Dichloro-N-benzoyldiphenylamine-2-carboxylic Acid 
containing the 1-Form in Excess—0-7720 G. (3 mols.) of the acid and 0-1960 g. (1 mol.) of 
cinchonidine were dissolved in 20 c.c. of chloroform, the solution left for one hour to equilibrate, 
and then evaporated to dryness in a vacuum without crystallisation intervening. The residue 
was decomposed with pyridine as described under the d-acid. 0-47 G. of the acid so prepared 
was dissolved in 20 c.c. of solvent X, whereupon the observed rotation at 15° rose from —0-25° 
to zero (1 = 2). The mean velocity constant, k, for the racemisation was 0-15 + 0-02. 

Measurement of the Velocity Constants for the Equilibration of 4: 6-Dichloro-N-benzoyldi- 
phenylamine-2-carboxylic Acid and Cinchonidine in Solvent X at Different Acid: Base Ratios — 
Acid : base ratiol:1. Temp., 15°. 0-1930 G. of the dl-acid was dissolved to 20 c.c. in solvent 
X, and 0-1470 g. of cinchonidine added. Readings were begun within 2 mins. of mixing. Three 
different experiments gave the following results (J = 2; 4 = 5461) : 





































Observed change in a. k. 
— 1-65° to —1-36°. 0-041 
— 1-63° to — 1-36° 0-038 }Mean 0-04 
— 1-64° to —1-36° 0-036 


Acid : base ratio 2:1. Temp. 15°; }=2. 0-1470G. of cinchonidine was added to 0-3860 
g. of the dl-acid dissolved to 20 c.c. in solvent X; k found, 0-05. The accuracy of this determin- 
ation is smaller than that above, since the observable change in rotation is small, i.e., from 
—2-03° to —2-31°, for the faster mutarotation. 

Acid : base ratio3:1. Temp., 15°; 1 = 2. 0-1470G. of cinchonidine was added to 0-5790 


g. of the dl-acid dissolved to 20 c.c. in solvent X. The results of two different determinations 
of k were: 









Observed change in a. 
—2-51° to —2-94° 
—2-57° to —2-94° 


k. 
0-10 
0-09 









Preparation of 2-Chloro-N-benzoyl-6'-methyldiphenylamine-2'-carboxylic Acid.—(a) 0-Chloro- 
phenylbenzimino-2'-carbomethoxy-6 -methylphenyl ether crystallised from methyl alcohol in prisms, 
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m. p. 85—86° (yield, 75%) (Found: C, 69-4; H, 4-75. C,,H,,O,NCl requires C, 69-55; H, 
4-8%). 

The benz-o-chloroanilide required for this synthesis was prepared as follows: A mixture of 
127 g. (1 mol.) of o-chloroaniline, 249 g. (1-1 mol.) of benzoic anhydride, and 300 c.c. of dioxan 
was boiled for $ hour and then poured into a large bulk of dilute ammonia. The yield of crude 
benz-o-chloroanilide was 94%, and after crystallisation from alcohol was 82%. 

(6) Methyl 2-chloro-N-benzoyl-6'-methyldiphenylamine-2'-carboxylate was obtained in 88% 
yield by heating the above ether at 260—270°. It crystallised from methyl alcohol in prisms, 
m. p. 168—169° (Found: C, 69-4; H, 4°75. C,gH,,0,NCl requires C, 69-55; H, 4-8%). 

(c) 2-Chloro-N-benzoyl-6'-methyldiphenylamine-2'-carboxylic acid. The purification of this 
acid in the usual manner by acidifying its solution in dilute sodium hydrogen carbonate was 
tedious owing to the sparing solubility of the sodium salt. When the acid was crystallised from 
acetone-light petroleum (b. p. 40—60°), it separated in two forms as described on p. 268. Both 
forms had m. p. 197—198°, with slight previous softening, but the m. p. varied with the rate of 
heating (Prisms. Found: C, 68-9; H, 4-35; Cl, 9-7. -Needles. Found: C, 68-6; H, 4-5; 
Cl, 9-7. C,,H,,0,NCI requires C, 68-9; H, 4-4; Cl, 9-7%). 

Preparation of Brucine 1-2-Chlovo-N-benzoyl-6'-methyldiphenylamine-2'-carboxylate——To a 
solution of 4:3 g. of brucine dihydrate and 3-66 g. (1 mol.) of the dl-acid in 60 c.c. of absolute 
ethyl alcohol were added 250 c.c. of ether. After crystallisation had set in, a further 100 c.c. of 
ether were added, and after about 2 hours another 250 c.c. The microcrystalline salt was dried 
in a vacuum and weighed 6-65 g. (Found: C, 69-6; H, 5-8. C,H,,0,N,Cl requires C, 69-5; 
H, 56%). In solvent X 1 minute after wetting it had [«]}%, — 346-2° (c = 0-983). The 
extrapolated value for ¢ = 0 was [«]2%, — 383°. A solution of the brucine salt (0-2000 g. in 20 
c.c. of solvent X) at 20° mutarotated from — 6-49° to + 0-03°, the velocity constant for the 
mutarotation being 0-038. 

Preparation of 1-2-Chlovo-N-benzoyl-6'-methyldiphenylamine-2'-carboxylic Acid.—The brucine 
salt was added with shaking to 20 parts of anhydrous formic acid at 0°. The solution was at 
once poured into excess of dilute hydrochloric acid and ice. The precipitated acid was quickly 
dried on a porous tile and submitted twice again to the above processes. It was finally dried 
in a vacuum. 

Racemisation in solvent. X at 20°. (a) The solution used contained 0-1666 g. of acid in 20 
c.c. of solvent X. The first reading (1 = 2) was made 2 minutes after wetting with solvent, 
and readings changed from —6-01° to zero; & = 0-069. 

(b) The solution used contained 0-1150 g. of a different sample of acid in 20 c.c. Readings 
were begun 2 minutes after wetting with solvent, and changed from —3-94° to zero; k = 0-066. 

Quantitative Experiments on the Activation of 2-Chloro-N-benzoyl-6'-methyldiphenylamine-2'- 
carboxylic Acid in Solvent X in Presence of Quinidine at 20°.—Acid: base vatio1:1. (a) 0-1829 
G. of acid was dissolved to 20 c.c. of solution and 0-1620 g. of quinidine added. Readings were 
begun 3-0 minutes after wetting and fell from +4-24° to + 2-99°. All readings given are the ~ 
mean of three, taken at (¢ —0-5), ¢, and (¢ +-0-5) minutes. 


Time after Time after Time after 
3-5 mins. a. k x 10%. 3-5 mins. ‘ k xX 10*. 3-5 mins. i k x 104, 
0-0 +1-23° — 17-0 . 107 . lll 
4-0 1-11 112 21-0 . 105 . * 110 
7-0 1-03 110 26-0 - 106 . . 108 
10-0 0-96 108 32-0 . 109 . - 105 
14-0 0-87 107 42-0 D 106 ° . 107 


whence mean k = 0-0107. 

(b) Repetition of (a). Readings fell from +4-22° to +-2-98° according to the unimolecular 
law; k = 0-0104 (limits, 0-0100 and 0-0107). 

Acid : base ratio 1-25: 1. (a) 0-2286 G. of acid and 0-1620 g. of quinidine in 20 c.c. of solution. 
Readings (/ = 2) fell from +4-09° to +3-03°; & = 0-054 (limits 0-052 and 0-056). 

(b) Repetition of (a). Rotation fell from +4-07° to +3-04°; & = 0-053 (limits, 0-051 and 
0-058). 

Acid : base ratiol-5:1. (a) 0-2744 G. of acid and 0-1620 g. of quinidine in 20 c.c. of solution, 
Readings (/ = 2) fell from +4-01° to +3-17°; k = 0-080 (limits, 0-076 and 0-082). 

(b) Repetition of (a). Readings fell from +4-02° to +3-13°; & = 0-08465 (limits, 0-081 and 
0-092). 

Acid : base ratio 2:1. (a) 0-3657 G. of acid and 0-1620 g. of quinidine in 20 c.c. of solution. 
Readings (J = 2) fell from +3-91° to +3-32°; & = 0-110 (limits, 0-094 and 0-121). 
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(b) 0-9143 G. of acid in 50 c.c. of solvent. Added 0-3240 g. of quinidine; 1 = 4; k = 0-116 
(limits, 0-100 and 0-131). 

(c) Repetition of (b); & = 0-115 (limits, 0-105 and 0-134). 

(d) As (a), but 1 mol. of acid mixed with 1 mol. of quinidine and the second mol. of acid 
added rapidly. Readings (/ = 2) fell from +3-87° to +3-32°; & = 0-116. 

Rate of Racemisation of 1-2-Chloro-N-benzoyl-6'-methyldiphenylamine-2'-carboxylic Acid in 
Presence of Quinoline (Solvent X). Temperature, 20°.—Acid : quinoline ratio1:1. Toasolution 
of 0-0669 g. of quinoline in 20 c.c. of solvent X was added 0-1896 g. of the acid. Readings 
changed from —2-78° to zero; k = 0-264. 

Acid : quinoline ratio 2:1. To a solution of 0-0309 g. of quinoline in 20 c.c. of solvent X 
was added 0-1752 g. of Lacid. Readings changed from —2-76° to zero; k = 0-204. Repetition 
of this experiment gave k 0-199. 

Rate of Racemisation of the Papaverine Salt of 1-2-Chloro-N-benzoyl-6'-methyldiphenylamine- 
2'-carboxylic Acid.—To a solution of 0-1545 g. of papaverine in 20 c.c. of solvent X was added 
0-1666 g. of the -acid. Readings (1 = 2) changed from —2-64° to zero; k, 0-168. 

Rate of Equilibration of 2-Chloro-N-benzoyl-6'-methyldiphenylamine-2-carboxylic Acid (1 
Mol.) and Quinidine (1 Mol.) in Presence of N-Benzoyldiphenylamine-4-carboxylic Acid (1 Mol.). 
Temperature 20°.—0-1829 G. of the former acid was dissolved to 20 c.c. in solvent X. 0-1620G. 
of quinidine was added, and rapidly thereafter 0-1585 g. of the second acid. Readings (J = 2) 
fell from +4-19° to +3-70°; k = 0-084. 

Preparation of N-Benzenesulphonyl-8-nitvo-1-naphthylglycine—The acid was prepared by 
the method described by Mills and Elliott (loc. cit.), but was crystallised, not from acetic acid, 
traces of which were tenaciously retained by the crystalline product, but from diluted methyl 
alcohol, blood-charcoal being used for the preliminary decolorisation. The prisms so obtained 
contained solvent and were therefore dissolved in chloroform, anhydrous sodium sulphate added, 
and the filtered solution treated with light petroleum (b. p. 40—60°). The very finely divided 
pure acid so obtained was suitable for making up solutions quickly. 

Resolution of N-Benzenesulphonyl-8-nitro-1-naphthylglycine.—The formation of the brucine 
L-salt and its transformation into the d-salt took place exactly as described by Mills and Elliott. 
When,’ however, a warm solution of 4-30 g. of brucine dihydrate and 3-86 g. (1 mol.) of the 
dl-acid in 300 c.c. of absolute methyl alcohol was left, 6-3 g. of brucine di-salt separated as clusters 
of soft needles, entirely different in appearance from the brucine-d-salt. Decomposition of the 
new salt gave an optically inactive acid. 

The /-acid, which Mills and Elliott did not isolate, was obtained by dissolving the brucine 
l-salt in pyridine at —20° and pouring the solution into dilute hydrochloric acid and ice. The 
precipitate was collected, washed with dilute hydrochloric acid and water, and dried in a vacuum 
over magnesium perchlorate. 

Cinchonidine salts. A crystalline salt of the acid with cinchonidine could not be obtained, 
and the salt was therefore prepared in solution as required. 

(1) di-Salt. A mixture of 0-1921 g. of dl-acid and 0-1463 g. of cinchonidine was dissolved to 
20 c.c. in pure chloroform at 15°. Mutarotation followed the unimolecular law, and the straight- 
line plot of log of a, — «, against time, when extrapolated to “‘ zero” time, gave a}%,, — 1-20°, 
whence [a]jis, — 35°5°. The final equilibrium rotation was [«]}5;, — 87-3° (1 = 2). 

(2) Salt. A mixture of 0-1899 g. of Lacid and 0-1445 g. of cinchonidine under similar 
conditions gave initial [«]}%,, — 255-5° and equilibrium [a]}5;, — 87-3°. 

Addition Curves : General Procedure.—The acid to be used was dissolved to 20 c.c. in the 
solvent, and the base then added. The weight of base used was constant throughout one set of 
experiments. The following notes indicate the weight of base used in particular experiments. 
Figs. 2 and 5 refer to ‘‘ AnalaR ”’ chloroform as solvent. In all other cases solvent X was used. 
Initial readings were obtained by the extrapolation method for Figs. 3, 6, 7, 8,9, and 12. The 
data for Fig. 10 were mainly obtained from rate determinations. For Figs. 2, 4, and 5 readings 
were taken, respectively, within 1-6, 2-0, and 1-6 mins. of adding base to acid. 

Figs. 2and 5. 0-1402 G. of nor-d-/-ephedrine. 

Figs. 3, 4, 6, and 7. 0-1470 G. of cinchonidine. 

Fig. 8. 0-1470 G. of cinchonine. 

Fig. 9. 0-1970 G. of brucine (anhydrous). 

Fig. 10. 0-1620 G. of quinidine. 


Fig. 12. For both curves: cinchonidine, 0-1470 g. For ethyl alcohol curve, the first 
readings were made within 4 minutes of 


All addition curve readings refer to] = 2 and the Hg line 5461. 
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Ervata.—In Fig. 5 in our previous paper, curves I, II, III, and IV refer, respectively, to 
cinchonine, quinidine, nor-d-y-ephedrine, and y-ephedrine. Page 1649, line 14: for 0-5 g. 
read 0-1 g. 

We thank The Royal Society and Imperial Chemical Industries Ltd. for grants. 
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55. The Acetolysis of Methylated Starch. 


By S. Peat and J. WHETSTONE. 


An expeditious method for the determination of the end group in methylated 
starch is described. It is shown that the acetolysis of methylated starch by means of 
acetyl bromide in cold chloroform solution proceeds with great rapidity. A selective 
removal of the end group is observed, the whole of the tetramethyl glucose being 
separated within five minutes of the beginning of reaction. Treatment of the bromine- 
containing product with methyl alcohol yields a mixture of methylglucosides, from 
which the tetramethyl methylglycoside is separated by distillation in the usual manner. 
A careful search failed to reveal the presence of any trimethyl sugar other than 
2:3: 6-trimethyl glucose. 


THE use of acetyl bromide for the degradation of methylated starch enabled Haworth 
and Percival (J., 1931, 1342) to demonstrate the pre-existence of maltose residues in starch. 
The mixture of acetolysis products was oxidised with bromine water and after further 
methylation it was possible to isolate octamethyl methylmaltobionate. 

The method offers a convenient and simple way of effecting the hydrolysis of methylated 
starch in that it is conducted in chloroform solution and at room temperature. We have 
therefore made use of this method of cold acetolysis of methylated starch and have sub- 
mitted the products to a careful examination with a view to determining (i) the degree 
of hydrolysis that can be effected, (ii) the fate of the end group (tetramethyl glucose), 
and (iii) the presence of any trimethyl sugar other than 2 : 3: 6-trimethyl glucose. The 
methylated starch, prepared by the exhaustive methylation of potato starch, contained 
45% OMe. In an exploratory experiment, this material was treated with acetyl bromide 
in chloroform solution and polarimetric observation showed that the reaction was com- 
pleted in about ten hours. 

Subsequently, samples of the acetolysis product were prepared by arresting Gen reaction 
after 5, 10, 20, and 260 minutes. After the interval specified, the reaction was stopped 
by pouring the acetolysis mixture on ice. The mixture of bromohydrins so produced was 
converted into the corresponding methylglycoside mixture by treatment with methyl 
alcohol. By distillation, the glycoside mixture was separated into fractions, the boiling 
points and other properties of which showed them to consist of methylated monosac- 
charides, disaccharides, trisaccharides and dextrins. The proportions in which these 
fractions occurred in the different cases are shown in Table I. 


TABLE I. 


Expt. Weight of of ‘methylated Acetolysis % Composition of glycoside mixture produced. 
period (mins.). Monosacch. Disacch. Trisacch. Residue. 
5 


This table shows that no simple relation exists between the proportion of monosac- 
charides produced and the time of reaction. Obvious factors which influence this relation- 
ship are the scale of working (cf. expt. I and II) and the initial heating effect on mixing 
the reagents. The latter effect will be predominant when the time of reaction is short 
(cf. expt. III and IV). 
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A detailed examination was now made of the fractions obtained in expt. II. Re- 
distillation of the monosaccharide fraction showed it to be a mixture of tetramethyl methyl- 
glucoside and 2 : 3 : 6-trimethyl methylglucoside with a small amount of dimethyl methyl- 
glucoside. The disaccharide fraction was submitted to hydrolysis with methyl-alcoholic 
hydrogen chloride, and the hydrolysate shown to consist of 2: 3: 6-trimethyl methyl- 
glucoside and a small amount of dimethyl methylglucoside; no tetramethyl methyl- 
glucoside was present. In a similar manner the trisaccharide fraction and higher fractions 
yielded, on hydrolysis, mixtures of trimethyl and dimethyl methylglucosides in which the 
former substance preponderated. Two facts of importance emerge: (1) The acetolysis 
of methylated starch for 20 minutes in the cold suffices to remove the whole of the end 
group as tetramethyl methylglucoside which is found exclusively in the monosaccharide 
fraction. (2) The only trimethyl methylglucoside found in any of the fractions was the 
2:3: 6-derivative. 

The preferential removal of the end group when methylated starch is treated with acetyl 
bromide as demonstrated by the above observations is further confirmed by an examination 
of the products obtained in expt. III. The methylated starch in this case was in contact 
with the acetolysing agent for only a very short period (5 minutes). Nevertheless the whole 
of the end group was found, as tetramethyl methylglucoside, in the monosaccharide 
fraction and in an amount which corresponded to a chain length of 27 units. This figure 
is in excellent agreement with that calculated from expt. II and also with the chain length 
as determined by the standard method in which methylated starch is hydrolysed by means 
of boiling methyl-alcoholic hydrogen chloride. A method for the determination of the 
chain length of starch, which is more convenient and expeditious than the earlier method 
of complete hydrolysis, is thus made available. 


EXPERIMENTAL. 


Methylation of Potato Starch.—The methylation was carried out by the usual procedure 
adopted in this laboratory. The starch, in 30 g. lots, was treated at 50° in 5% sodium hydroxide 
solution with methyl sulphate (360 c.c.) and 30% sodium hydroxide solution. After the solu- 
tion had been boiled at the end of the methylation, the whole of the partially methylated starch 
separated as a gelatinous mass, which was collected on a cloth filter. The products from the 
methylation of two lots (30 g.) of starch were combined and submitted to remethylation by 
the process described, acetone being added as an additional solvent. In the third and 
subsequent methylations the partially methylated starch was dissolved initially in acetone. 

The methylation process was repeated twelve to fourteen times with each batch. Purific- 
ation of the methylated starch (obtained as a white powder) was effected by prolonged extrac- 
tion with boiling water, followed by solution of the dried material in chloroform and precipit- 
ation from the filtered chloroform solution by the addition of ether and light petroleum. The 
flocculent precipitate was repeatedly washed with light petroleum and dried in a current of 
cold air. The properties of the trimethyl starch so prepared are given in the table : 


Sample. No. of methylations. OMe,%. [a]}® in CHCl, Weight, g. 


I 13 44-4 
14 44-8 +211° 42-5 

Il 12 — 
13 45-2 +215 - 

III 12 44-4 
13 44-7 +214 42-8 

IV 13 45-1 
45-1 +215 37-0 


The Velocity of Acetolysis of Trimethyl Starch by Acetyl Bromide.—Trimethy] starch (1-0464 
g.) was dissolved in chloroform (6 c.c.), the cooled solution, after being mixed with acetyl 
bromide (3 c.c.) in chloroform (9 c.c.), was quickly adjusted to 20 c.c. with chloroform, and the 
rotation of the solution observed in a polarimeter tube (/ = 1 dm.) with fused glass end-plates 
and provided with a calcium chloride tube. The solution was then kept at 20° and polari- 
metric observations were made at intervals: ap changed from + 13-1° to + 17-7° in 9} hours. 

The acetolysis was now arrested at a number of different periods after mixing, and the 
products examined. 


Acetolysis I. Reaction arrested after 20 minutes: The solution of trimethyl starch (10-46 g.) 
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and acetyl bromide (30 c.c.) in chloroform to make a total volume of 200 c.c. was prepared as 
described in the preliminary experiment. The solution was kept at 20° for 20 minutes and a 
portion of it (150 c.c.) was then poured onice. The mixture was gently stirred for a few minutes, 
care being taken to avoid the formation of an emulsion, until the excess of acetyl bromide was 
decomposed. The chloroform layer was then separated and washed repeatedly with ice-cold 
sodium bicarbonate solution until free from acid. After drying over anhydrous magnesium 
sulphate, the chloroform solution was evaporated to dryness under diminished pressure. The 
residue was a pale brown syrup (10-12 g.) which contained bromine. It was readily soluble in 
hot water and the aqueous solution was strongly reducing to Fehling’s solution and contained 
ionised bromine. 

The syrup was dissolved in dry methyl alcohol (150 c.c.) and kept in the cold for 48 hours, 
Water (100 c.c.) was now added, and the acid solution neutralised with barium carbonate. 
After filtration, the neutral solution was evaporated to dryness, and the residue extracted 
with ether. Evaporation of the dried ethereal extract gave a syrup (6-9 g.) which did not 
reduce Fehling’s solution until after it had been boiled with dilute hydrochloric acid. It 
contained no bromine, and alkali-titration showed the absence of acetyl groups. It was clearly 
a mixture of methylglycosides. The mixture was separated by fractional distillation at 0-002 
mm. pressure, as follows : 


Fraction. Bath temp. Weight, g. nie [a]? in CHCl,, OMe, %. Nature. 


1 110—185° 1-56 —- — 8-48° —_— Mainly monosaccharides 
2 190—210 2-35 1-4700 +759 46-6 Mainly disaccharides 

3 220—260 1-25 1-4755 +92-7 _ Mainly trisaccharides 

4 Residue 1-25 — _- — ‘Mainly dextrins 


Acetolysis II. Reaction arrested after 20 minutes : The procedure described under acetolysis I 
was repeated with a larger quantity of trimethyl starch. From 26-16 g. of trimethyl starch 
there were obtained 25-05 g. of the methylglycoside mixture. This was separated by dis- 
tillation into the following fractions : 


Fraction I (monosaccharides), 11-48 g., 46% of the glycoside mixture. 

Fraction II (disaccharides), 8-42 g., 33-7% 

Fraction III (trisaccharides), 2-20 g., 8-8% 

Fraction IV (undistilled residue), 2-90 g., 11-6% ,, - 
Fraction IV was subdivided into fraction IV (ether-soluble), 2-30 g., and fraction (V) (ether- 
insoluble), 0-60 g. 

Fraction I was subdivided as follows by a very slow distillation from a Widmer flask at 0-01 

mm. pressure : 


Fraction. Bathtemp. Weight, g. nw, OMe, %. 


105—108° 0-84 1-4450 — 
107—116 2-17 1-4534 55-0 
118 5-84 1-4560 52-6 
120—130 1-51 1-4568 52-6 
140 0-80 1-4638 47-7 


Fraction II (to which was added the very small undistilled residue from the refractionation 
of I) was hydrolysed by boiling it for 7 hours with 2% methyl-alcoholic hydrogen chloride 
(200 c.c.). After neutralisation with silver carbonate, the solution was filtered and evaporated, 
and the residue purified by extraction with ether. Removal of the ether gave a syrup (9-1 g.), 
which was distilled from a Widmer flask at 0-01 mm. pressure : 


Fraction. Bathtemp. Weight, g. nw, OMe, %. 


H Ila 120° 0-77 1-4553 52-9 
H IIb 120—130 5-02 1-4570 _ 
H IIc 130—155 1-90 1-4614 49-3 
H Ild —_ 0-79 1-4706 _ 


Fractions III, IV, and V were separately hydrolysed with methyl-alcoholic hydrogen 
chloride in an identical manner. The methylhexosides formed were distilled as follows : 


Fraction. Bathtemp. Weight, g. ne. OMe, %. 
H IIla 120—130° ‘ 1-4576 50-1 
H IIIb 140—155 1-4687 — 

H IVa 130—145 * 1-4580 _ 
H IVb 145—160 1-4677 35-0 
H IVe 160 . 1-4745 pach 
HV _ , 1-4576 _— 
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On the basis of the refractive indices of the fractions, taken in conjunction with their 
methoxyl contents, it was possible to estimate the relative proportions of tetramethyl methyl- 
glucoside, trimethyl methylglucoside and dimethyl methylglucoside. The distribution of the 
three glucosides is shown in the following table : 


Wt. of tetramethyl Wt. of trimethyl Wt. of dimethyl 
Fraction. Weight, g. methylglucoside,g. methylglucoside,g. methylglucoside, g. 


Ia 0-84 0-70 0-14 0 
Ib 2-17 0-43 1-74 0 

Ic 5-84 0 5-84 0 
Id 1-51 0 1-51 0 

Ie 0-80 0 0-45 0-35 
H Ila 0-77 0 0-77 0 

H IIb 5-02 0 5-02 0 

H IIc 1-90 0 1-33 0-57 
H Ild 0-79 0 0-14 0-65 
H Illa 1-36 0 1-36 0 

H IIIb 0-80 0 0-24 0-56 
H IVa 1-44 0 1-44 0 

H IVb 0-31 0 0-11 0-20 
H IVc 0-32 0 0 0-32 
H Va 0-33 0 0-33 0 
Totals 24-20 1-13 20-42 2-65 
% Weight 46 84-5 10-9 
Mol r ratio l 19-5 2-7 


If it be assumed that the whole of the end group in the trimethyl starch (26-16 g.) has been 
separated and collected in the above fractions as tetramethyl methylglucoside, the amount 
of the latter (after adding the usual correction for experimental loss) is 4.5% of the weight of 
methylated starch. This value corresponds to a chain length for the starch of 27—-28 glucose 
units, which is very close to the chain length as determined by the ordinary method of end- 
group assay in which the methylated starch is directly and completely hydrolysed by boiling 
it with 2% methyl-alcoholic hydrogen chloride. 

Hydrolysis of fraction Ia (0-84 g.) with mineral acid gave 0-6 g. of tetramethyl glucopyranose, 
m. p. 89—90°; [a]}” + 104-1° —» + 81-8° in water (c, 0-98). Fractions Ic, Id, H Ila, H IIb, 
H IIIa and H IVa, when separately hydrolysed, all gave, in good yield, 2: 3 : 6-trimethyl 
glucose, m. p. 118°; [a]}" + 96-4° —-> + 72-0° in water (c, 1-26). No other trimethyl glucose 
was detected. The high proportion of dimethyl methylglucoside is noteworthy in view of the 
high degree of methylation of the original methylated starch. 

Acetolysis III, Reaction arrested after 5 minutes : Trimethyl starch (12-30 g.) in chloroform 
(75 c.c.) was rapidly mixed with acetyl bromide (36 c.c.) in chloroform (120 c.c.), and the volume 
made up to 250 c.c. After 5 minutes at room temperature the solution was poured on ice. 
The working-up was conducted as previously described. The methylglycoside mixture obtained 
(11-52 g.) was fractionally distilled to give : 

Fraction I (monosaccharides), 2-00 g.; 17-3% of the glycoside mixture. 

Fraction II (disaccharides), 2-84 g.; 24:7% 
Fraction III (trisaccharides), 2-59 g.; 22-5% Ly ra rs 
Fraction IV (undistilled residue), 4-09 g.; 35-56% ,, of ob 


Fraction I was subdivided as follows, by distillation from a Widmer flask in a high vacuum : 


” ” .? 


Fraction. Weight, g. aa. Content of tetramethyl methylglucoside, g. 
Ia 0-305 1-4440 0-281 
Ib 0-850 1-4523 0-242 
Ic 0-744 1-4554 0-037 


The amount of tetramethyl methylglucoside in fraction I corresponds to a chain length of 
27 glucose units for the methylated starch. It is concluded that the whole of the end group 
has been separated by acetolysis for a period of 5 minutes. 

Acetolysis IV. Reaction arrested after 10 minutes: The acetolysis mixture (100 c.c.) con- 
tained 5-23 g. of methylated starch and 15 c.c. of acetyl bromide. The methylglucosides 
(5-0 g.) prepared from the acetolysis product were fractionally distilled : 

Fraction I (monosaccharides), 0-54 g.; 10-9°/ of the glycoside mixture. 

Fraction II (disaccharides), 1-13 g.; 22-7% 
Fraction III (trisaccharides), 0-92 g.; 18-4% A Re 
Fraction IV (undistilled residue), 2-40 g.; 48-1% ,, 


a a” .? 
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Acetolysis V. Reaction arrested after 260 minutes: The acetolysis was conducted by the 
standard procedure, 2-61 g. of trimethyl starch being used. Distillation of the glycosides 
yielded : 


Fraction I (monosaccharides), 1-31 g.; 52-9% of the glycoside mixture. 


The authors are indebted to Professor W. N. Haworth, F.R.S., for his interest in this work. 


Tue A. E. Hirtts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, November 14th, 1939.] 





56. LEpimeric Alcohols of the cycloHexane Series. Part IV. 
The Parachor as a Criterion for cis—trans-Isomerism. 


By D. T. C. GILLespre, A. KILLEN MACBETH, and J. A. MILLs. 


The parachors of ten pairs of geometrical isomerides of the cyclohexane series 
have been measured. The epimers examined show definite differences in parachor, 
and, with the exception of the menthones and menthyl acetates, the tvans-isomer 
gives a higher value. The magnitude of the difference appears to depend more upon 
the chemical nature of the compound than the relative size of the substituent groups. 


DuRING the early investigations on the relation between surface tension, density, and 
chemical constitution, Sugden and Whittaker (J., 1925, 127, 1868) measured the parachors 
of five pairs of geometrical isomerides over a wide range of temperature. All the com- 
pounds examined contained a non-polar double bond, and the cis-compounds, in which 
two bulky groups were adjacent, had slightly higher parachors than the corresponding 
trans-epimers. In the cyclohexane series the double bond is replaced by a six-membered 
carbon ring, and it seemed desirable to examine the parachors of certain epimeric com- 
pounds, which had become available during other investigations, to see whether the ex- 
perimental values might be applied as a discriminative test of configuration. While 
investigating the isomerism of borneol and isoborneol, Lipp (Annalen, 1930, 480, 298) 
measured the parachors of the di-bornyl acetates. Bornyl acetate (trans) gave a higher 
value (463-3) than isobornyl acetate (cis, 462-6). These values are in good accord with 
those obtained with simple geometrical isomers of this series. 

In the present work every precaution has been taken to ensure complete accuracy of 
results, and usually the maximum error in the parachor measurements is less than 1 in 
4000 (compare Sugden, 1 in 200). Two cells were used for most of the measurements, 
and a large number of readings taken with each. The results reported below represent 
a mean value of these readings, but in every case the limits of experimental error are 
indicated. 

Carter (J., 1927, 1278) determined the parachors of the menthones, and considered 
that the results indicated a cis-configuration for tsomenthone. No experimental details 
are given, but it would appear probable that the values are not altogether reliable, as he 
obtained different results for the active and the racemic ketones. Moreover the iso- 
menthone used was prepared directly from piperitone by catalytic hydrogenation, and 
was thus contaminated with menthone. Redeterminations on the carefully purified 
ketones differed. appreciably from most of Carter’s values, and any difference between the 
epimers was less than the experimental error. Determinations were also made in the case 
of the various menthyl acetates, but these do not throw any light on the configurations 
of the parent alcohols (see Tables I and II). 

In every case the trans-epimer has the higher parachor. Further generalisations may 
be suggested, although the number of compounds examined does not allow any definite 
conclusions to be stated. The difference in the parachor values appears to depend not so 
much on the relative size of the substituent groups as on the chemical nature of the com- 
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pound. The two primary alcohols both give only a small difference (0-4 unit), but the 
secondary alcohols show a larger difference, the effect increasing in the 1 : 3-positions. A 
1 : 2-substituted cyclohexane was not available, but an even greater difference would be 
expected in this case. Both esters examined have the same difference of 1-9 units. 


TABLE I. 


Cell. A xX 10%. P. ae’. y”. [P] obs. Mean. Carter. 


9-290 0-8869 28-39 401-1, 401-:08+4 0-19 403-2 


1-Menthone A 
B 6-661 28-30 400-9, 
A 
B 


dl-isoMenthone 9-463 0-8908 28-87 401-1, 401:19+0-08 405-3 


6-815 28-92 401-2, 


TABLE II. 


} a ay’. y. [P] obs. Mean. 


9-096 09158 27-77 496-7, 496-6, + 0-09 
6-491 27-73 496-6, 


9-040 0-9124 27-64 498-0, 498-1, + 0:10 
6-477 27-61 498-2, 


9212 0-9232 2833 495-2, 495-3, + 0-10 
6-892 28:35 495-4, 
9-121 0-9138 .27-86 498-4, 498-3, + 009 
6-511 27-82 498-2, 


The remainder of the compounds examined fall into five classes, and the results are 
summarised below. 


2 


Acetates. 
l-Menthyl 


dl-neoMenthyl 
dl-isoMenthyl 


dl-neoisoMenthyl 


or Oe We oe 


TABLE III. 


Compound. Cell. AX 10. P. a. y. [P] obs. Mean. Difference, 


. trans-p-Menthane 3-095 8024 07837 24-49 397-8) 397-8, + 0-02 
. 4307 5-746 24-48 397-8, 


3-095 8120 0-7913 2482 3955, 395-5, -+ 0-08 : Janes 
4:307 5-822 24-86 395-6, 

3-095 9-489 08962 28-89 331-5, 331-4, + 0-07 

4-312 6-762 28-86 381-3, 


3-095 9870 09074 30-I1 3809, 331-0, +011 
4312 7-095 30-26 331-1, 


3-095 9754 09007 29-75 4049, 404-9, + 0-06 
4-312 6-981 29°80 406-0, 


3-095 9-905 09051 30-21 404-5, 404-6, -- 007 
4312 7-089 30-22 404-6, 
3-118 9771 0-9074 30:03 366-7, 366:7, + 0-03 
4-308 7-048 30-05 366-7, 
3-118 9668 09121 29-72 363-8, 363-9, -- 0-06 
4-308 6-980 29-76 364-0, 
3-112 9514 0-9072 20-18 292-3, 292-3, + 0-03 
4-144 17-122 29-21 292-4, 
4-144 7-020 00-9139 28-80 289-2, 289-2, + 0-04 


cis-p-Menthane 


. trans-4-Methylcyclo- 
hexylearbino 
cis-4-Methyleyclo- 
hexylcarbinol 
trans-4-isoPropyl- 
18 STON 


oe 
hexylcarbino 


. trans-Dihydrocryptol 


cis-Dihydrocryptol 


trans-3-Methylcyclo- 
hexanol 


cis-3-Methylcyclo- 
hexanol 


Dor Weer WP Pr Pe WP wP 


3095 9408 09234 28:37 497-4, 497-4, + 005 
4-308 6-760 2885 497-3, 


3-095 9382 09264 28:78 495-5, 495-5, + 0-04 
4:308 6-749 28:80 495-5, 


5123 5-648 0-9271 28-74 4600, 459-9, + 0-06 
5-123 5-644 28:71 459-9, 
5-123 5-647 0-9308 28:73 4581, 458-1, + 0-05 
5-123 5-643 28-70 458-0, 


. trans-Hexahydro- 
cuminic ester 
cis-Hexahydro- 
cuminic ester 
trans-Dihydrocryptyl 
acetate 


00 00 wp wp 


cis-Dihydrocryptyl 
acetate 


EXPERIMENTAL. 


Surface tension measurements were made by the maximum bubble pressure method of 


Sugden (J., 1922, 121, 858; 1924, 125, 27). The apparatus and procedure was essentially 
U 
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that described by Mills and Robinson (J., 1931, 1629) and it is necessary here only to describe 
those details which it was found convenient to modify. 

As some of the liquids to be examined were available in small quantities only, the cells, 
made of Monax glass, were designed to give 15—20 mm. depth with 3 c.c. of substance. The 
jets, also of Monax glass, had radii approximately 1-4 mm. and 0-04 mm. The apparatus was 
always dried in a vacuum at 100—110° after cleaning in hot nitric-chromic acid and thorough 
washing with good quality distilled water. 

The rate of bubbling was found to be important, if consistent results were to be obtained. 
For the large jet a rate of one in 4—6 seconds was used, but the most satisfactory rate for the 
fine jet varied somewhat with the type of liquid under examination. A rate as high as 1 bubble 
per second gave good results with less viscous liquids, but for other substances this was varied 
to one in 14—3 seconds. 

The cell constants were frequently checked, usually before and after each pair of deter- 
minations. The standard used was “‘ analytical reagent ’’ benzene (Merck) which had been 
redistilled, rejecting head and tail fractions. For this liquid at 30° the constants used were 
y = 27-58 dynes/cm., and dj? 0-868. 

Density measurements were made in pyknometers of 4—6 c.c. capacity, and in every case 
at least two determinations in different pyknometers were done. 

’ Each liquid was freshly distilled before a determination. Below is a summary of the com- 
pounds examined; all have been described fully elsewhere. 

cis- and tvans-p-Menthanes: dl-isoMenthone and /-menthone were electrolytically reduced, 
and the products purified by the method of Keats (J., 1937, 2005). The hydrocarbons had 
the following physical constants: cis- b. p. 171°, nf” 1-4411, d% 0-7913; tans- b. p. 170°, 
nw 1-4371, die” 0-7837. 

l-Menthone (a) — 25-65°) was prepared by the oxidation of pure /-menthol by Beckmann’s 
chromic acid mixture. 

dl-isoMenthone was prepared as described by Hughesdon, Smith, and Read (J., 1923, 128, 
2921), and, when fractionated under 25 mm. pressure through a 50 cm. column, gave a main 
fraction, b. p. 108—109°. It had n>” 1-4540, d%" 0-8908, and was therefore practically pure. 

l-Menthyl acetate was prepared from /-menthol (8 g.) by treatment with glacial acetic acid 
(30 g.; 10 mols.) and dry hydrogen chloride (2 g.). After standing overnight, it was refluxed 
for 2 hours, and then washed, in ethereal solution, with dilute sodium carbonate and water. 
After drying (sodium sulphate) and removal of the ether, the product, distilled in a vacuum, 
had b. p. 86°/3-1 mm., nj” 1-4472, ap — 72-09°, di 0-9159. 

d-neoMenthyl acetate. d-neoMenthol, obtained by the Ponndorf reduction of /-menthone 
(Grubb and Read, J. Soc. Chem. Ind., 1934, 58, 527), on treatment as above, gave the acetate, 
b. p. 81°/3-0 mm., n>” 1-4489, ap + 28-30°, de 0-9124. 

dl-isoMenthy] acetate. dl-isoMenthol, prepared by reduction of di-piperitone with sodium 
and alcohol (Hughesdon, Smith, and Read, J., 1923, 128, 2918), and purified through the 
hydrogen phthalate, gave an acetate, b. p. 88°/3-8 mm., np” 1-4498, di” 0-9225. 

dl-neoisoMenthyl acetate. dl-neoisoMenthol was obtained by the crystallisation of the 
phosphoric acid compound of the Ponndorf reduction product of tsomenthone (Read and Grubb, 
J., 1934, 316). The alcohol, m. p. 11—12°, treated as above, gave the acetate, b. p. 85°/3-5 
mm., 30" 1-4516, dj" 0-9138. 

The cis- and tvans-dihydrocryptols and their acetates have been previously described (Cooke, 
Gillespie, and Macbeth, J., 1939, 518). 

cis- and tvans-l-3-Methylcyclohexanols were prepared by the hydrogenation of d-3-methyl- 
cyclohexanone, obtained by the hydrolytic decomposition of d-pulegone (Wallach, Annalen, 
1896, 289, 340). érans-l-3-Methylcyclohexanol, purified through the hydrogen phthalate, 
had b. p. 65°/5°6 mm., [a]p” — 4-28, n>” 1-4574, di 0-9072. cis-l-3-Methylcyclohexanol, re- 
covered from the hydrogen phthalate crystallisations (above), was purified by repeated i 
ation of the p-nitrobenzoate. The alcohol had b. p. 61°/5-2 mm., [a]}® — 7-42°, n2° 1-4580, 
a" 0-9140 (compare Godchot and Cauquil, Compi., rend., 1934, 198, 663). 

The remaining compounds examined were recently described (Cooke and Macbeth, J., 1939, 
1245), and the densities are given in Table III. ; 


JoHNSON CHEMICAL LABORATORIES, 
THE UNIVERSITY OF ADELAIDE. [Received, November 21st, 1939.] 
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57. Structural Problems in the Indole Growp. Part IV. An 
Alternative Method for determining the Structure of Nitro-compounds. 


By S. G. P. PLrant and W. D. WHITAKER. 


The exact constitutions of the isomeric 4(or 6)- and 6(or 4)-nitrodihydropentindoles 
could not be determined by the method used in analogous cases (Parts I and IT), and an 
alternative way of attacking this type of problem has been developed. The 8-acetyl 
derivative of one of them gives a product by the addition of nitric acid at the 9: 10- 
position which can be transformed via y-4-nitro-2 acetamidobenzoylbutyric acid into the 
known 4-nitro-2-acetamidobenzoic acid, and it follows that the nitro-group in this 
isomer is in the 6-position. The constitutions of the two nitro-5-chlorodihydropentin- 
doles obtained from cyclopentanone-4-chloro-3-nitrophenylhydrazone follow from the 
conversion of the 8-acetyl derivative of one of them by analogous steps into 5-chloro-4- 
nitro-2-acetamidobenzoic acid and then into methyl 5-chloro-4-nitroanthranilate, which 
have been synthesised for comparison. A further application of the method has 
resulted in the characterisation of the 4- and 6-nitro-2 : 3-dimethylindoles. 


THE ambiguity which exists regarding the structure of indoles obtained by an application 
of Fischer’s reaction to meta-substituted phenylhydrazones has delayed the complete 
solution of several substitution problems in the indole series. In Parts I and II (J., 1936, 
899; 1937, 1125) there is described the exact characterisation of some 4- and 6-nitro- 
substituted indoles by a method which involved the preparation of the corresponding 
7-chloro-4-nitro-derivatives from 2-chloro-5-nitrophenylhydrazine and their reduction to 
halogen-free amines which were compared with the reduction products of the nitro-indoles 
themselves. The method is not applicable, however, to all nitro-compounds of this type 
and an alternative procedure has now been developed. 

By the nitration of 8-acetyldihydropentindole (I) two nitro-derivatives, m. p. 195° and 
154° [called the “‘ 4(or 6)-”” and the “ 6(or 4)-nitro- ’”’ compound respectively], have been 
prepared and these on hydrolysis gave nitrodihydropentindoles identical with the two 
obtained by the elimination of ammonia from cyclopentanone-m-nitrophenylhydrazone 
(Perkin and Plant, J., 1923, 128, 3242; Plant, J., 1929, 2493), but a more exact determin- 
ation of their structure was not at the time possible. In an effort to solve this problem 
along the lines mentioned above, 7-chloro-4-nttrodihydropentindole has been synthesised, 
but attempts to reduce it resulted in resinification and recalled the behaviour of di- 
hydropentindole itself under similar conditions. It has now been found, however, that the 
nitro-8-acetyldihydropentindole of m. p. 195° can be converted on further treatment with 
nitric acid into 6 : 10-dinitro-9-hydroxy-8-acetyltetrahydropentindole (II), a reaction typical 
of this group of compounds. The latter has been degraded with alkali in a manner already 


O-[(CH,],°CO,H 
HAc als 2 


(III.) 


observed in analogous cases to give ‘+y-4-mitro-2-acetamidobenzoylbutyric acid (III), 
the structure of which was established by oxidation with aqueous potassium permanganate 
to 4-nitro-2-acetamidobenzoic acid, identical with the substance described by Wheeler and 
Barnes (Amer. Chem. J., 1898, 20, 217). It thus follows that the so-called ““4(or 6)- ”’ and 
“ 6(or 4)-nitro-8-acetyldihydropentindole ” are the 6- and the 4-nitro-derivative respect- 
ively, and the corresponding 6- and 4-nitrodihydropentindoles obtained on hydrolysis and 
also synthetically melt at 153° and 199° respectively. 

A similar problem is associated with 5-chlorodihydropentindole. Two isomeric nitro- 
derivatives, m. p. 167° and 182°, have been obtained by Massey and Plant (J., 1931, 1990) 
by applying Fischer’s reaction to cyclopentanone-4-chloro-3-nitrophenylhydrazone. One 
of these, m. p. 167°, was also obtained by nitrating various N-acyl derivatives of 5-chlorodi- 
hydropentindole and hydrolysing the products. The 8-acetyl derivative of this isomer has 
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now been converted successively into 5-chloro-6 : 10-dinitro-9-hydroxy-8-acetyltetrahydro- 
pentindole (IV), y-5-chloro-4-nitro-2-acetamidobenzoylbutyric acid, and thence by oxidation 
into 5-chloro-4-nitro-2-acetamidobenzoic acid (V). The structure of the last substance 


Cc 0,H Cc O,Me 
; NO, JNHAc NO, H, 
(Iv.) (V.) (VI.) 


was established by synthesising a specimen by oxidising the 5-chloro-4-nitro-2-acetamido- 
toluene described by Kleiderer and Adams (J. Amer. Chem. Soc., 1933, 55, 4219). As both 
specimens of the acid (V) melted with decomposition (at 250°) they were converted by the 
action of methyl-alcoholic hydrogen chloride into methyl 5-chloro-4-nitroanthranilate (V1), 
which melted sharply and was more suitable for direct comparison. The substance, m. p. 
167°, is therefore 5-chloro-6-nitrodihydropentindole and it follows that the isomer, m. p. 
182°, is the 4-nitro-compound. 

Plant and Tomlinson (J., 1933, 955) found that the nitration of l-acetyl-2 : 3-dimethyl- 
indole gave the 4(or 6)-nitro-derivative, which was hydrolysed to 4(or 6)-nitro-2 : 3- 
dimethylindole, m. p. 142°, identical with a substance obtained synthetically from the 
m-nitrophenylhydrazone of methyl ethyl ketone. With the object of determining more 
completely the structure of this substance the 2-chloro-5-nitrophenylhydrazone of methyl 
ethyl ketone has been converted into 7-chloro-4-nttro-2 : 3-dimethylindole (VII), which on 
reduction gave 4-amino-2 : 3-dimethylindole (VIII), m. p. 163°, with elimination of chlorine. 
The product of the reduction of 4(or 6)-nitro-2 : 3-dimethylindole under similar conditions 
was a gum which has not been obtained solid or converted into a satisfactory derivative. 
Although this suggests that the 4(or 6)-nitro-compound in reality has the nitro-group in the 
6-position, the evidence is not conclusive and confirmation was sought by employing the 


NO, NH, 
Me Me (NO,)Me (OH)Me 
Me Me NOX A /C(OH)Me (OH)Me 
1 NH H NAc NAc 
(VII.) (VIII.) (IX.) 7 (X.) 


alternative procedure described above. The 4(or 6)-nitro-l-acetyl-2 : 3-dimethylindole 
readily gave 3: 6-dinttro-2-hydroxy-1-acetyl-2 : 3-dimethyl-2 : 3-dihydroindole (IX) on 
further nitration, and this was degraded with alkali. The product was probably mainly 
4-nitro-2-acetamidoacetophenone, analogous to the acids derived from the corresponding 
dihydropentindole derivatives, but it was difficult to purify and might have contained 
small amounts of other substances such as 7-nitro-2-methyl-4-quinolone. The crude 
product, however, gave 4-nitro-2-acetamidobenzoic acid on oxidation, from which it follows 
that the original 4(or 6)-nitro-compound was in fact the 6-nitro-derivative. 

The application of Fischer’s reaction to the m-nitrophenylhydrazone of methyl ethyl 
ketone is stated by Plant and Tomlinson to give a mixture of substances, and Bauer and 
Strauss (Ber., 1932, 65, 308) have isolated a product, m. p. 126°, which they call 6(4)- 
nitro-2 : 3-dimethylindole. The observations of Bauer and Strauss have been confirmed, 
although on further crystallisation from aqueous alcohol the m. p. was raised to 130°, and 
the product is obviously 4-nitro-2 : 3-dimethylindole, since its m. p. was depressed on 
admixture with the substance, m. p. 142°, mentioned above. 

The results now described confirm the observation already made that the 6-position is 
the one normally involved during substitution into N-acyl-2 : 3-dialkylindoles. The 
nitration of l-acetyl-2 : 3-dimethylindole has been found to give 2 : 3-dihydroxy-1-acetyl- 
2 : 3-dimethyl-2 : 3-dihydroindole (X) in addition to the 6-nitro-derivative observed by 
Plant and Tomlinson, which is a further indication of the close similarity between 2 : 3- 
dimethylindole and tetrahydrocarbazole. 
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EXPERIMENTAL. 


7-Chloro-4-nitrodihydropentindole (By R. C. G. Moggridge).—cycloPentanone-2-chloro-5- 
nitrophenylhydrazone separated in yellow needles, m. p. 101°, when a solution of the requisite 
hydrazine (5 g.) and ketone (5 c.c.) in alcohol (75 c.c.) was boiled for 5 minutes and allowed to 
cool. It was refluxed for 15 minutes with dilute sulphuric acid (200 c.c. of 25%) and cyclo- 
pentanone (2 c.c.), the condenser was then removed, and boiling continued for a further 5 
minutes. The solid was crystallised from glacial acetic acid, and 17-chloro-4-nitrodihydro- 
pentindole (1-7 g.) obtained in red needles, m. p. 251° (Found: Cl, 15-0. C,,H,O,N,Cl requires 
Cl, 15-0%). 

Conversion of 6-Nitro-8-acetyldihydropentindole into 4-Nitvo 2-acetamidobenzoic Acid.—When 
a suspension of 6-nitro-8-acetyldihydropentindole (0-45 g.), m. p. 195° [the “ 4(or 6)-nitro-8- 
acetyldihydropentindole ” of Perkin and Plant, loc. cit,], in boiling glacial acetic acid (2 c.c.) was 
treated with nitric acid (0-5 c.c., d 1-5) and then left for several hours, 6 : 10-dinitro-9-hydroxy-8- 
acetyltetvahydropentindole (0-3 g.), which formed colourless prisms, m. p. 215° (decomp.), from 
acetic acid, separated (Found: N, 13-2. C,,;H,,0,N; requires N, 13:7%). A solution of this 
substance (0-4 g.) in alcohol (6 c.c.) was treated at room temperature with aqueous potassium 
hydroxide (6 c.c. of 15%), and the whole left for 2 minutes and then acidified with concentrated 
hydrochloric acid. The resulting solution, which was green at first, rapidly became yellow, and 
after a few minutes +y-4-nitvo-2-acetamidobenzoylbutyric acid, crystallising in pale yellow prisms, 
m. p. 165°, from alcohol, separated (Found: C, 53-0; H, 5-0. C,,;H,,O,N, requires C, 53-1; 
H, 4:8%). The acid (0-2 g.) was suspended in water (10 c.c.) containing acetic acid (0-5 c.c.), 
and the mixture treated gradually at 80° with aqueous potassium permanganate (1%) with 
constant shaking until a permanent pink colour was imparted to the solution. The whole was 
decolourised with sulphur dioxide, acidified with concentrated hydrochloric acid, and left for a 
few hours. The 4-nitro-2-acetamidobenzoic acid which separated was obtained in practically 
colourless needles, m. p. 215°, from aqueous alcohol, and was found to be identical (mixed m. p.) 
with a specimen of the acid prepared as described by Wheeler and Barnes (loc. cit.). 

Synthesis of Methyl 5-Chloro-4-nitroanthranilate and its Preparation from 5-Chloro-6-nitro-8- 
acetyldihydropentindole.—5-Chloro-4-nitro-2-acetamidotoluene (Kleiderer and Adams, loc. cit.) 
was suspended in a little water containing a few drops of acetic acid and treated from time to 
time with aqueous potassium permanganate (1%), the reaction mixture being kept hot by 
immersion in a boiling water-bath. The oxidation proceeded slowly and most of the water 
evaporated. The whole was shaken occasionally and, after the addition of a little more than the 
theoretical amount of permanganate, it was decolourised with sulphur dioxide and acidified with 
concentrated hydrochloric acid. After the precipitate had been dissolved in dilute aqueous 
ammonia, the solution filtered, and then acidified with hydrochloric acid, the recovered 5- 
chloro-4-nitro-2-acetamidobenzoic acid was crystallised from glacial acetic acid and obtained in 
pale yellow needles, m. p. 250° (decomp.) (Found: N, 10-9. C,H,O,;N,Cl requires N, 10-8%). 
The acid was then refluxed for 6 hours with methyl-alcoholic hydrogen chloride and the product 
was obtained by the addition of dilute aqueous sodium carbonate. It was ground with 
concentrated hydrochloric acid, and the solution filtered; methyl 5-chlovo-4-nitroanthranilate, 
recovered from the filtrate by dilution with water, crystallised from methyl alcohol in red 
needles, m. p. 140° (Found: C, 41-8; H, 3-1. C,H,O,N,Cl requires C, 41-6; H, 3-0%). 

The ‘‘ 5-chloro-4(or 6)-nitro-8-acetyldihydropentindole ” of Massey and Plant (loc. cit.) was 
converted into 65-chloro-6 : 10-dinitvo-9-hydroxy-8-acetyltetrahydropentindole, which formed 
colourless prisms, m. p. 198° (decomp.), from glacial acetic acid (Found: N, 11-8. C,,H,,0,N,Cl 
requires N, 12-3%), by a process similar to that described for the chlorine-free analogue except 
that the nitration was carried out at 100°. It was degraded with alkali as before to y-5-chloro- 
4-nitvo-2-acetamidobenzoylbutyric acid, which crystallised from alcohol in yellow plates, m. p. 
133° (Found: N, 8-3. C,3H,,0,N,Cl requires N, 8-5%). The latter was oxidised with aqueous 
potassium permanganate as described above to give 5-chloro-4-nitro-2-acetamidobenzoic acid, 
m. p. 250° (decomp.), identical (mixed m. p.) with the synthetical specimen. Its identity was 
confirmed by conversion into methyl 5-chloro-4-nitroanthranilate, m. p. 140°. 

4-Amino-2 : 3-dimethylindole—The 2-chloro-5-nitrophenylhydrazone of methyl ethyl ketone, 
which crystallised in yellow needles, m. p. 65°, from alcohol, was formed when molecular pro- 
portions of the hydrazine and ketone were heated on the steam-bath under reflux for 4 hour. 
After it had been refluxed for 4 hours with a mixture of equal volumes of glacial acetic acid and 
praesent hydrochloric acid, 7-chloro-4-nitro-2 : 3-dimethylindole separated on cooling. It 

from glacial acetic acid and obtained in orange prisms, m. p. 218° (Found : 
N. 12-6. C,,H,O,N,Cl requires N, 125%). This indole (15 g.) was heated on a steam-bath 
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under reflux with a mixture of alcohol (250 c.c.), concentrated hydrochloric acid (250 c.c.), 
and granulated tin (125 g.) until the yellow colour of the liquid had completely disappeared 
(about 10 hours). After the whole had been made alkaline with aqueous sodium hydroxide, 
the alcohol was removed in steam, and the solid collected when cold by filtration. Both the 
solid and the filtrate were extracted with ether, the united extracts dried with potassium 
carbonate, and the solvent removed by distillation, The residual brown gum became solid 
on standing, and was obtained colourless by grinding with a little ether. On crystallisation 
from chloroform 4-amino-2 : 3-dimethylindole separated in colourless plates, m. p. 163° (Found : 
C, 74-7; H, 7-1. C,9H,,N, requires C, 75-0; H, 7-5%). 

Conversion of 6-Nitro-1-acetyl-2 : 3-dimethylindole into 4-Nitvo-2-acetamidobenzoic Acid.— 
Prepared from 6-nitro-l-acetyl-2 : 3-dimethylindole [the 4(or 6)-nitro-l-acetyl-2 : 3-dimethy]- 
indole of Plant and Tomlinson, Joc. cit.] as described above for the corresponding di- 
hydropentindole derivative, 3 : 6-dinitro-2-hydroxy-1-acetyl-2 : 3-dimethyl-2 : 3-dihydroindole 
separated from glacial acetic acid in pale yellow prisms, m. p. 198° (decomp.) (Found: N, 14-6. 
C,,.H,,;0,N, requires N, 14:2%). It was treated (0-2 g.) with a mixture of alcohol (3 c.c.) and 
aqueous potassium hydroxide (3 c.c. of 15%), and the whole boiled for a few minutes. The 
orange precipitate which was obtained on the addition of an excess of dilute hydrochloric acid, 
probably mainly 4-nitro-2-acetamidoacetophenone, was converted without further purification 
into 4-nitro-2-acetamidobenzoic acid, identified by mixed m. p. with an authentic specimen, 
by oxidation with dilute aqueous permanganate as described above. 

2 : 3-Dihydroxy-1-acetyl-2 : 3-dimethyl-2 : 3-dihydroindole—The acetic acid mother-liquor 
from the preparation of a considerable quantity of 6-nitro-l-acetyl-2 : 3-dimethylindole as 
described by Plant and Tomlinson (Joc. cit.) was concentrated under red: ed pressure first at 
room temperature for 3 hours to remove oxides of nitrogen and then at 45° to one-fourth of its 
original volume. When the solution was then cooled and shaken with an equal volume of 
ether, 2: 3-dihydroxy-1-acetyl-2 : 3-dimethyl-2 : 3-dihydroindole, crystallising in pale yellow 
prisms, m. p. 132—134°, from alcohol, was precipitated (Found: C, 65-2; H, 6-8; N, 6-1. 
C,,H,,0,N requires C, 65-2; H, 6-8; N, 6-3%). 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, December 1st, 1939.] 





58. The Erythrophleum Alkaloids. Part I. Erythrophleine. 
By B. K. Biount, H. T. OpENsHAw, and A. R. Topp. 


Erythrophleine, an amorphous alkaloid from the bark of Erythrophleum guineense 
G. Don., appears to have the formula C,,H;,0,;N. Hydrolysis with dilute acids 
yields crystalline erythrophleic acid, C,,H;,0,, and §$-methylaminoethanol. The 
alkaloid is considered to be the $-methylaminoethyl ester of erythrophleic acid. 
Erythrophleic acid contains one carbonyl group, one hydroxy- and one methoxy- 
group. As it contains in addition one double bond, probably in the «8-position with 
respect to the carboxyl group, it must contain three rings. Selenium dehydro- 
genation of the acid yields 1 : 7 : 8-trimethylphenanthrene and a selenium compound, 
C,,H,,Se, of unknown structure. It is suggested that erythrophleic acid is a diterpene 
derivative. Since erythrophleine has a digitalis-like action on the heart, it is clear 
that cardiac activity of this type is not confined, as generally believed, to steroids 
containing unsaturated lactone rings. 


TREES of the genus Erythrophleum belonging to the order Leguminosae have long been 
known to contain alkaloids possessing a remarkable action on the heart which is similar 
to that exhibited by the cardiac glycosides and toad poisons. Of the species examined, 
Erythrophleum -guineense G. Don. is perhaps the commonest. This tree, known by a 
variety of names (e.g., sassy or redwater tree), is widely distributed in West and Central 
Africa, where the bark is used by native tribes as a source of ordeal and arrow poisons. 
The first scientific investigations of the bark were made by Gallois and Hardy (Comft. 
rend., 1875, 80, 1221; J. Pharm. Chim., 1876, 24, 25; Bull. Soc. chim., 1876, 26, 39), who 
isolated from it an amorphous, highly poisonous alkaloid, erythrophleine, with a digitalis- 
like action on the heart. Erythrophleine was later investigated by Harnack and Zabrocki 
(Arch. exp. Path. Pharmakol., 1882, 15, 403), but little emerged save that the base, con- 
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sidered to have a formula C,,H,,,,0,N, was decomposed by boiling with hydrochloric 
acid, yielding an amorphous nitrogen-free acid, and a base of low molecular weight believed 
to be methylamine. Harnack employed for his investigations erythrophleine supplied by 
E. Merck and Co., Darmstadt. Later investigations on E. guineense by Power and Salway 
(Amer. J. Pharm., 1912, 84, 337) and by Maplethorpe (Pharm. J., 1923, 111, 85) confirmed 
the presence of erythrophleine as described by Harnack. 

Our interest in erythrophleine was aroused some years ago partly because of its cardiac 
activity, unique among alkaloids, and partly because of the curious behaviour towards 
acid reported by Harnack (loc. cit.), and a series of investigations was commenced, the 
starting material being the amorphous erythrophleine sulphate obtainable from E. Merck 
and Co., Darmstadt, whose source is believed to be E. guineense. For various reasons 
these investigations were interrupted for a time and have only recently been taken up 

in. We now wish to place on record the results so far obtained, particularly as a number 
of publications from other laboratories dealing with erythrophleum alkaloids have recently 
appeared. Dalma (Ann. Chim. Appl., 1935, 25, 569) isolated from E. guineense three 
crystalline alkaloids, namely, cassaine, C,,H,0,N, cassaidine, C,,H,,O,N; and nor- 
cassaidine, C,,H,,O,N, and one amorphous alkaloid, homophleine, C;,H,,0,N,. More 
recently the same author (Atti X Intern. Congr. Chim. Rome, 1938) reported the isolation 
from E. couminga of two alkaloids, coumingine, C,,H,,O,N, and coumingaine, C,,H,,0,N, 
the latter being amorphous. None of these alkaloids appears to be identical with ery- 
throphleine; their pharmacological properties have been investigated by a number of 
workers, all of whom agree that they exhibit in varying degree digitalis-like action and 
local anesthetic properties. According to Chen, Hargreaves, and Winchester (J. Amer. 
Pharm. Assoc., 1938, 27, 9) all the new alkaloids with the exception of coumingine are less 
powerful cardiac poisons than erythrophleine. 

Erythrophleine sulphate puriss. as supplied by E. Merck and Co. is in our experience 
a cream-coloured amorphous powder of fairly constant composition. So far we have 
been unable to crystallise either the free base or any of its salts. Since no separation 
into distinct fractions has been observed during any of our experiments, we are of the 
opinion that the commercial product consists essentially of one compound, although it 
is difficult to advance proof of homogeneity in view of its amorphous nature. This view 
of the individuality of erythrophleine is in accord with that of earlier investigators. 

Assignment of a definite formula to erythrophleine solely on the basis of elementary 
analysis of its amorphous sulphate would not be possible, but the analytical figures are in 
fair agreement with the formula C,,H,,0,N, which best explains its chemical behaviour. 
In agreement with earlier observations the base was found to undergo ready hydrolysis 
with acids or alkalis. The products of hydrolysis, obtained in satisfactory yield, were a 
crystalline acid, C,,H,,0,, to which we apply the name erythrophleic acid, and a steam- 
volatile base. The latter, isolated as its picrate, was identified as 6-methylaminoethanol 
by analysis and by direct comparison of the picrate and of the corresponding «-naphthyl- 
thiourea with synthetic specimens. These results suggest that erythrophleine (I) is the 
§-methylaminoethyl ester of erythrophleic acid. 


(I -) Cy9H;,;0,°CO-0-CH,’CH,"N HMe 


Such a structure readily accounts for the local anesthetic properties of the alkaloid, 
but it is rather surprising to find digitalis-like properties in an ester of thisnature. Hitherto 
cardiac activity of this type has always been associated with the presence of an un- 
saturated lactone ring in a steroid molecule. Dr. K. K. Chen (Indianapolis), to whom 
we are much indebted, carried out pharmacological tests on’erythrophleic acid and found 
that it was entirely devoid of cardiac activity. Quite recently Faltis and Holzinger 
(Ber., 1939, 72, 1443) showed that Dalma’s cassaine is hydrolysed under conditions similar 
to those used for erythrophleine, yielding cassaic acid, C.,H,,0,, and §-dimethylamino- 
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ethanol and they effected a partial synthesis of the alkaloid by recombining these two 
components as an ester. The parallel with erythrophleine is striking, and it seems possible 
that all the Erythrophleum alkaloids may prove to be similar in type. 

Erythrophleic acid is a monobasic ketonic acid; of the two oxygen atoms unaccounted 
for by the carbonyl and the carboxyl group, one is present in a hydroxyl group and the 
second in a methoxyl group. It yields an oily methyl ester, from which a crystalline 
2: 4-dinitrophenylhydrazone can be prepared. Acyl derivatives, although undoubtedly 
formed, have not yet been crystallised. Catalytic hydrogenation indicates the presence 
of one double bond in erythrophleic acid (and in erythrophleine) and the absorption 
spectrum (max., ca. 2210 a.; log e, 4-2) indicates that the double bond, although not con- 
jugated with the carbonyl group, is probably in the «f-position with respect to the carboxyl 
group. These results indicate that erythrophleic acid contains three carbon rings. The 
acid is thus similar in many respects to cassaic acid, which according to Faltis and 
Holzinger (loc. cit.) is a mono-unsaturated hydroxy-ketonic acid containing three rings. 

Further insight into the structure of erythrophleic acid was obtained by dehydro- 
genation. When it was heated with selenium at 300—320°, two crystalline products 
were obtained, a hydrocarbon, C,,H,,, and a selenium compound, C,,H,,Se. The former 
substance was the sole crystalline product on dehydrogenation with palladised charcoal. 
The hydrocarbon, which had m. p. 143—144°, was identified as 1 : 7 : 8-trimethylphen- 
anthrene by direct comparison with a synthetic specimen of this compound. The two 
substances showed no depression in m. p. on mixing; the identity was confirmed by com- 
parison of their picrates and trinitrobenzene derivatives. The isolation of 1: 7 : 8-tri- 
methylphenanthrene together with the presence of one carboxyl and one methoxyl group 
leaves only two carbon atoms of erythrophleic acid unaccounted for; whether the methyl 
groups occupy the same positions in the parent acid as they do in the dehydrogenation 
product cannot be definitely stated at present. The formation of the substance C,.H,,Se, 
although unexpected, is interesting; investigation of its structure should throw further 
light on the orientation of substituents in the erythrophleic acid molecule. Although 
all the cardiac glycosides belong to the steroid group of compounds, it is clear that erythro- 
phleic acid, and hence also erythrophleine, are probably to be regarded as diterpene deriv- 
atives containing a reduced phenanthrene skeleton. 1:7 : 8-Trimethylphenanthrene is a 
characteristic dehydrogenation product of several members of the diterpene group, ¢.g., 
isoagathenedicarboxylic acid, sclareol, manoyl oxide. The view that it is a diterpenoid 
being accepted, then, by analogy with known members of the group, structure (II) suggests 
itself as a tentative formula for erythrophleic acid. In this formula the double bond 
might equally well be between C,, and C,, and the positions of the methoxy-and the 
keto-group remain unknown. The investigation of erythrophleic acid is being continued. 

While this paper was being prepared for publication a further communication (Ruzicka 
and Dalma, Helv. Chim. Acta, 1939, 22, 1516) appeared dealing with cassaine, in which 
the formation of 1 : 7 : 8-trimethylphenanthrene on selenium dehydrogenation of dihydroxy- 
cassanic acid (C,)H,,0,) is reported, thus further emphasising the close relationship between 
cassaine and erythrophleine. It seems possible that erythrophleic acid may be a methoxy- 
cassaic acid. In the same number of the Swiss journal (p. 1497) Dalma has published an 
important paper in which differences are reported in the alkaloids isolated from E£. 
guineense collected in different localities; ¢.g., erythrophleine instead of cassaine was 
isolated from bark derived from the Upper Congo region; it seems at least a possible 
explanation that the term E. guineense as ordinarily used may embrace more than one 
botanical species. ° 

; EXPERIMENTAL. 


Erythrophleine Sulphate-——The salt was obtained as a cream-coloured amorphous powder 
readily soluble in water and in a number of organic solvents, including benzene (Found: C, 
60-4; H, 8:2; N, 3-1; S, 2-9; MeO, 6-6; NMe, 4-0. Calc. for C,,H,,0,N,0-5H,SO, : C, 61-3; 
H, 8-3; N, 3-0; S, 3-4; 1 MeO, 6-6; 1 NMe, 6-2%). On catalytic hydrogenation (platinic 
oxide) 1 mol. of hydrogen was rapidly absorbed and a second very slowly. The substance 
gave a positive reaction for carbonyl with 2 : 4-dinitrophenylhydrazine. 

Hydrolysis of Erythrophleine.—(1) Erythrophleic acid. For the preparation of erythrophleic 
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acid in quantity, hydrolysis with dilute sulphuric acid is the most reliable method, although 
other acids or sodium hydroxide may be employed. The duration of hydrolysis and the strength 
of acid used are of importance, as prolonged heating with acids tends to give rise to resinous 
products. The following procedure was adopted as a standard method. 

Erythrophleine sulphate (5 g.) is dissolved in n/3-sulphuric acid (100 c.c.), and the solution 
boiled under reflux during 12 hours. A white crystalline precipitate of erythrophleic acid 
forms and after cooling is filtered off. The filtrate is again heated for 12 hours, a further crop 
of acid being obtained; a small additional amount may be recovered from the mother-liquors. 
The erythrophleic acid thus obtained may be purified by dissolution in dilute sodium hydroxide 
solution and reprecipitation with hydrochloric acid or by recrystallisation from dilute alcohol. 
As ordinarily obtained in the above process, the acid forms colourless platelets, m. p. 204— 
206°, but by repeated crystallisation from alcohol the m. p. may be raised to 218° [Found : 
C, 69-2, 69-3; H, 8-5, 8-6; MeO, 8-9; M (Rast), 389; M by silver salt (23-2% Ag), 359. 
C,,H;,0, requires C, 69-2; H, 8-8; 1 MeO, 85%; M, 364. Zerewitinoff estimations showed 
1-5, 1-7 active hydrogen atoms and oxidation with chromic acid (Kuhn—Roth) gave 1-5, 1-5 
mols. of acetic acid]. Total yield, 2-6 g. The acid gives a positive reaction for carbonyl with 
2 : 4-dinitrophenylhydrazine and on catalytic hydrogenation (micro; platinic oxide catalyst) 
takes up 1 mol. of hydrogen rapidly (double bond) and a second slowly (carbonyl group). It 
is readily oxidised by potassium permanganate in alkaline solution, although stable to this 
reagent at room temperature in acetone solution. The pure acid has [«]}?” — 40° (c = 0-48 in 
chloroform; / = 1). 

(2) 6-Methylaminoethanol. Hydrolysis of erythrophleine was effected by heating with 
n/3-sulphuric acid during 24 hours as above, and, after removal of erythrophleic acid, the 
solution was evaporated to small bulk and made strongly alkaline with potassium hydroxide, 
and the mixture distilled over a free flame. The strongly basic distillate was extracted several 
times with ether, and the ethereal solution dried over potassium carbonate. On addition of 
ethereal picric acid to a portion of this solution a crystalline picrate separated. After two 
recrystallisations from ethyl acetate the picrate had m. p. 148° (Found: C, 35-7; H, 4-0; N, 
18-5. C,H,ON,C,H,O,N, requires C, 35-6; H, 4-0; N, 18-4%), undepressed on admixture with 
an authentic specimen of B-methylaminoethanol picrate (m. p. 148°). A second portion of the 
solution was mixed with a small volume of an alcoholic solution of «-naphthyl isothiocyanate, 
and the mixture slowly concentrated on the steam-bath. The colourless solid separating on 
cooling had m. p. 125° after recrystallisation from dilute alcohol. N-Methyl-N-$-hydroxy- 
ethyl-N’-a-naphthylihiourea (Found: N, 11-2. C,,H,,ON,S requires N, 10-8%), prepared from 
synthetic 8-methylaminoethanol, had m. p. 125°, undepressed on admixture with the above 
compound. 

Methyl Erythrophleate 2 : 4-Dinitrophenylhydrazone.—Erythrophleic acid is readily esterified 
by heating with methyl-alcoholic hydrogen chloride or sulphuric acid, or by treatment with 
diazomethane, but the ester could not be crystallised. By sublimation in a high vacuum 
(10-* mm.) at 140° it was obtained as a white amorphous powder (Found: C, 69-5; H, 8-5. 
C,.H;,0, requires C, 69-8; H,9-0%). Hydrolysis of a small specimen with 4% methyl-alcoholic 
potash gave erythrophleic acid, m. p. 218° after one recrystallisation. 

The methyl ester reacted readily with 2 : 4-dinitrophenylhydrazine to give a 2: 4-dinitro- 
phenylhydvazone crystallising from alcohol in small orange-red plates, m. p. 219° (Found: 
C, 60-4; H, 6-7; N, 10-0. C,,H,,0,N, requires C, 60:2; H, 6-8; N, 10-0%). The same 
compound could be prepared directly from erythrophleic acid by warming with a solution of 
2 : 4-dinitrophenylhydrazone in methyl alcohol containing a trace of hydrogen chloride. 

Dehydrogenation of Erythrophleic Acid with Selenium.—An intimate mixture of erythrophleic 
acid (1-5 g.) and powdered selenium (3 g.) in a small round flask fitted with a long air-condenser 
was heated rapidly in a metal bath till the bath temperature reached 270°. The temperature 
was raised to 310° during the next 15 mins. and maintained between 300° and 320° for 18 hours. 
After cooling, the bulb contained a button of metallic selenium, on top of which was a yellowish 
semi-solid mass. The product was separated from the selenium by dissolution in ether. After 
evaporation of the ether the residue was subjected to distillation in a vacuum, a horizontal 
bulb tube being used; two fractions were collected : (A) B. p. 215—225°/12 mm. (bath temp.). 
On cooling, the distillate solidified completely. Thrice recrystallised from absolute alcohol, 
it formed colourless plates, m. p. 143—144° (Found: C, 92-8; H, 7-3. Calc. for C,,H,,: 
C, 92-7; H, 7:3%). A mixed m. p. with synthetic 1: 7: 8-trimethylphenanthrene (m. p. 
142—143°) kindly supplied by Prof. R. D. Haworth showed no depression. The picrate had 
m. p. 163—164° and the s-trinitrobenzene derivative m. p. 190—191°, undepressed on admixture 
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with the corresponding derivatives of the syrithetic hydrocarbon. (B) B. p. 240—280°/12 
mm. (bath temp.). The distillate crystallised on cooling, and on heating sintered at about 
140° and was not completely molten until 160°. Twice recrystallised from absolute alcohol, 
long yellowish prisms were obtained, m. p. 161—162° (Found: C, 70-3; H, 4:9. C,,H,,Se 
requires C, 70-4; H, 4.9%). The substance gave a strong positive test for selenium (oxidation 
with nitric acid, followed by reduction to selenium with sulphite) even with minute quantities, 
Alcoholic solutions, on standing for several weeks exposed to air, slowly deposited a red film of 
selenium. The substance was readily soluble in ether, but much less soluble in alcohol than 
1: 7: 8-trimethylphenanthrene; it distilled under reduced pressure without decomposition. 
From the crystallisation mother-liquors of (B) additional small amounts of 1 : 7 : 8-trimethyl- 
phenanthrene were obtained. 

The total yield of 1 : 7 : 8-trimethylphenanthrene was 90 mg. and of the selenium compound, 
m. p. 160—162°, ca. 30 mg. 

Dehydrogenation of Erythrophleic Acid with Palladised Charcoal.—The acid (1 g.) was heated 
with palladised charcoal (0-5 g.) at 300—310° (bath temp.) during 7 hours. After cooling, the 
mixture was extracted with ether, and the extract, after removal of the ether, distilled in a 
vacuum. At 200—220°/12 mm. (bath temp.) a reddish-yellow oil came over which partly 
solidified on cooling. Recrystallisation from alcohol yielded as sole crystalline product 1 : 7: 8- 
trimethylphenanthrene, m. p. 142—143°, identical with the product from the selenium dehydro- 
genation. The yield (ca. 30 mg.) was poor. 


Grants from the Chemical Society and the Government Grants Committee of the Royal 
Society are gratefully acknowledged. 


UNIVERSITY OF MANCHESTER. 
UNIVERSITY OF OXFORD. [Received, December 13th, 1939.) 





59. The Influence of Solvents and Other Factors on the Rotation of 
Optically Active Compounds. Part XXXVIII. Asymmetric Solvent 
Action (continued). 


By T. S. PATTERSON and CHARLES BUCHANAN. 


Work described in Part XXXVI has been repeated and extended, from which it 
appears (1) that data formerly obtained with nitrobenzene as a solvent for isobutyl 
d- and l-tartrates were faulty; (2) that benzyl benzoate is more suitable as a solvent 
for this purpose than is nitrobenzene; (3) that the M.S.V. of isobutyl d-tartrate is 
definitely, although only slightly, greatey than that of isobutyl /-tartrate in /-menthyl 
acetate, whereas they are equal within the limit of experimental error in benzyl 
benzoate; (4) the M.S.V. of ethyl diacetyl-d-tartrate is definitely Jess than that of 
ethyl diacetyl-/-tartrate in menthyl acetate, whereas they are equal within the limit 
of experimental error in benzyl benzoate. It is therefore claimed that asymmetry 
of solvent action has now been established. The fact that the volume-difference for 
the first pair of enantiomorphs is in the opposite sense from the volume-difference for 
the second pair helps considerably to justify this conclusion. 


In Part XXXVI (J., 1937, 1453) one of us with Lamberton described experiments in which 
the solution-volumes of isobutyl d-tartrate and isobutyl /-tartrate in /-menthyl acetate 
were compared; and a definite, although small, difference was observed. Since, how- 
ever, an almost similar difference was found in nitrobenzene—a symmetrical solvent—a 
positive decision as to the existence of a real difference did not seem justified. Further 
consideration suggested that the results obtained might be due to a constant difference 
in the purity of the d- and the /-tartaric ester, since the d-ester had been made direct from 
ordinary d-tartaric acid, whilst the /-ester was made from /-acid separated from racemic 
acid. The difference in the respective processes of purification might have been sufficient 
to cause the slight discrepancies observed. We have therefore repeated and extended 
the earlier experiments, adopting improved methods of procedure, as is described further 
on. The results for isobutyl tartrate in -menthyl acetate are in TableI (a). They were 
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obtained in the order in which they are numbered, and are not selected in any way; 
every experiment made in this and all the following series is reported. The M.S.V. of the 
d-ester, omitting V, is 242-783 ml., with a mean deviation of 0-015, whilst the /-ester gives 
242-722, mean deviation, 0-009. The difference d —/ is + 0-061 ml. This is thus very 
close to the values previously recorded for two entirely independent sets of experiments, 
namely, 0-054 ml. and 0-048 ml. The maximum difference between these three numbers 
(0-013 ml.) is thus of just the same order as the departure from the mean in Table I (a), 
whereas the numbers themselves are about four times this probable error. Our present 
results so far, therefore, fully confirm those previously obtained. 

These two esters were then examined in nitrobenzene, a symmetrical solvent. The 
results are in Table I (b). Fortunately these experiments were made alternately with 
dextro- and levo-ester, and when the series was completed it became apparent that the 


TABLE I. M 
(a) isoButyl Tartrate in |-Menthyl Acetate (di = 0-925293). 


, %.* a, M.S.V., ml. No. 9, %. a, M.S.V., ml. 


a-Ester. 1-Ester. 
5-40036 0-932474 242-774 II 5-40061 0-932485 242-716 
540644 0-932483 242-770 IV 5§-40612 0-932489 242-735 
5-39990 0-932463 (242-833) VI §-40025 0-932485 242-714 
539698 0-932464 242-806 


Mean 242-783 A = 0-061 ml. Mean 242-722 


(b) isoButyl Tartrate in Nitrobenzene (di = 1-203012). 
d-Tartrate. l-Tartrate. 
5-40098 1-195438 243-334 IX 5-38517 1-195464 
5-40049 1-195437 243-340 XI 5-37152 1:195471 
5-38750 1-195448 243-364 XII 5-40146 1-195423 

XIV 5-39930 1-195419 


(c) isoButyl Tartrate in Benzyl Benzoate (d%°" = 1-119204). 
d-Tartrate. l-Tartrate. 


5-39880 1-117319 241-410 XVI 5-40354 1-117308 241-447 
5-39824 1-117317 241-420 XVIII 5-40054 1-117319 241-408 
Mean 241-415 A = 0-012 ml. Mean 241-427 


(d) Ethyl Diacetyltartrate in \-Menthyl Acetate (di = 0-925293). 
d-Diacetyltartrate. l-Diacetyltartrate. 
5-39091 0-935056 252-711 xX 5-39105 0-935039 252-821 


5-37568 0-935031 252-695 XXII 5-37535 0-935012 252-808 
5-39110 0-935056 252-715 XXIV 5-39105 0-935041 252-806 


Mean 252-707 A = 0-105 ml. Mean 252-812 


(e) Ethyl Diacetyltartrate in Benzyl Benzoate (di? = 1-119180). 

d-Diacetyltartrate. 1-Diacetyltartrate. 
5-40019 1121345 249-855 XXVI  5-40234 «1121347 «249-848 
5-40405 1-121348 249-848 XXVIII 5-40255 1-121344 249-863 
Mean 249-851 A = 0-004 ml. Mean 249-855 


(f) Ethyl Diacetyltartrate in \-Menthyl Acetate (di = 0-925336). 
d-Diacetyltartrate. l-Diacetyltartrate. 


5-39640 0-935105 252-727 XXX 5-40039 0-935095 252-834 
5-40170 0-935118 252-706 XXXII 5-40010 0-935094 252-839 


Mean 252-716 A = 0-120 ml. Mean 252-836 


(g) Ethyl Diacetyltartrate in Benzyl Benzoate ¢ (d? = 1-117310). 


d-Diacetyltartrate. . 1-Diacetyltartrate. 
XXXIII 540101 1-119584 249-794 XXXIV 5-40114 1-119574 249-833 
XXXV  5-40082 1:119577 249-820 XXXVI  5-40030 1-119577 249-819 
XXXVII 540010 1-119573 249-837 


Mean 249-817 « A = 0-009 ml. Mean 249-826 
* Relative to tartrate. t A fresh sample. 
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volume had been increasing almost steadily throughout. At the conclusion of the experi- 
ments the density of the nitrobenzene was found to have fallen to d?* = 1-202982, i.c., 
by 0-00003 unit, probably owing to the gradual absorption of moisture from the air. These 
results are therefore uncertain; but the means of the M.S.V.’s found for the first three 
measurements in each series give a difference d —/ of only — 0-008 ml. The results 
seem, at least, to indicate the delicacy of the method of experiment used. 

It is not clear how this peculiarity of nitrobenzene affected the results formerly found 
(loc. cit., p. 1456), but it is evident that nitrobenzene was not suitable for our purpose. 
In its place, as a symmetrical solvent, we adopted benzyl benzoate, which was found by 
experiment to be adequate. Its specific gravity changed appreciably only after a month 
ortwo. Menthy]l acetate, it may be mentioned, seems, happily, to be altogether unaffected ; 
its density remained quite constant over long periods. 

The difference between the mean M.S.V. values is 0-012 [Table I (c)], which is about 
the average experimental error, whence it may be concluded that there is no detectable 
difference between the volumes of these isomerides in benzyl benzoate. 

We then extended the investigation to ethyl diacetyltartrate * as solute, which, being 
a well-crystallised compound, is easy to purify. The results obtained for the solutions 
in /-menthyl acetate are in Table I (d). The difference between the mean M.S.V. values 
for these enantiomorphs is 0-105 ml., which is not only nearly twice as great as for the 
isobutyl esters, but is also in the opposite sense; here the levo-ester has the greater M.S.V. 
value, which makes the result considerably more convincing than if the difference of value 
had been in the same sense as before. The departures from the mean values are much the 
same as in the preceding series, the maximum divergence being 0-012 ml. The difference 
between the two volumes, 0-105 ml., is nine times as great as the maximum departure 
from the mean. 

Data for these two diacetyl esters in benzyl benzoate are in Table I (e). Here the 
mean volumes for the d- and -compounds are almost identical, differing only by 0-004 ml., 
whilst the departures from the means are of the same order. The benzyl benzoate had not 
altered in density at the conclusion of these experiments. 

To confirm our results, the experiments epitomised in Table I (d) and (e) were then 
repeated de novo, with samples of ethyl diacetyltartrate freshly prepared from the original 
sodium ammonium tartrates, and with freshly distilled menthyl acetate. The results are 
in Table I (f) and (g), and are very closely similar to those previously obtained. In 
the asymmetric solvent the M.S.V. of the /-ester is greater by 0-120 ml., whereas in the 
symmetrical solvent the M.S.V.’s differ by only 0-009 ml. 

Thus there have now been obtained five entirely independent sets of observations, 
in which differences have been found in all cases between the M.S.V. of the dextro- and 
the levo-forms, several times greater than the probable experimental error. For the 
isobutyl tartrates the d-isomeride has the greater volume by 0-054 ml. on the average; for 
the ethyl diacetyltartrates, the /-isomeride has the greater volume by 0-112 ml., whereas in 
the symmetrical solvent benzyl benzoate, any difference in the volumes of the isomerides 
was within or very near the probable error. We therefore think we may now claim to 
have established, quite definitely, the existence of asymmetric solvent effect. The effect 
is indeed small, and, to realise its order, it is of some interest to contrast it with the com- 
paratively gross difference in volume of one of each pair of the isomerides we have used, 


in l-menthyl acetate on the one hand and in benzyl benzoate on the other. This is shown 
in the table below. 


M.S.V., ml. 


A 





In l-menthyl acetate. In benzyl benzoate. A, ml. 


isoButyl eee Pa ERE eee ae ie aR 242-783 241-415 1-368 
Ethyl diacetyl-d-tartrate .!......cccssssscseseese 252-707 247-851 4-856 


The differences in these two instances are some thirty times greater than those which 
we have found in the M.S.V. of enantiomorphs in an asymmetric solvent. 


* isoButyl aa pean which we had thought of using, is liquid, and therefore much more 
difficult to purify. 
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EXPERIMENTAL. 


Density Determinations.—A delicate transparent quartz pyknometer of ca. 29 c.c. capacity 
was used, and special care was taken in determining the temperatures at which the densities 
were observed. A fairly large thermostat (20 1.) was brought to a temperature in the neigh- 
bourhood of 20° by means of a good ordinary thermometer graduated in 4, degrees. A Beck- 
mann thermometer was also placed in the thermostat, and the mercury thread adjusted to some 
suitable graduation, that mark being taken, once for all, as representing the temperature then 
indicated by the other thermometer. For each solution density determinations were made at 
five or six temperatures ranging from 19-75 to 20-25° according to the Beckmann thermometer. 
These readings taken as actual temperatures have, each, only the accuracy of the ordinary 
thermometer, but they have amongst themselves, as relative temperatures, the accuracy of the 
Beckmann thermometer. The density at 20° was calculated by the centre of gravity method 
(Bond, ‘‘ Probability and Random Errors,” E. Arnold, 1935, p. 89). Large-scale graphs showed 
that practically all determinations lay within 5 x 10 unit of the mean line representing the 
change of density with temperature, and none without 1 x 10 unit. The probable error for 
a relative density value at 20° we consider to be less than 5 x 10 unit. 

Preparation of the Esters ——For this purpose a considerable quantity (8 lb.) of racemic acid © 
was resolved by simultaneous separation, by slow cooling, of fairly large (about 10 g.) dextro- 
and levo-crystals, from a solution of sodium ammonium tartrate. These were then recrystal- 
lised the same number of times until complete constancy and equality of rotation were reached. 

From the samples of sodium ammonium d- and /-tartrates thus obtained, isobutyl d-tartrate 
and isobutyl /-tartrate were prepared in the usual way, and after being recrystallised three 
times from benzene, were vacuum-distilled. isoButyl d-tartrate had s.p. 72-9° + 0-05°; 
[o:]20¢, + 68-3° in pyridine (c = 6-880). isoButyl /-tartrate had s.p. 72-9° + 0-05°; [a]? — 
68-3° in pyridine (c = 6-876). The slight difference in the value for [a] from that (67-65°) 
recorded in J., 1937, 1458 is due to difference in the pyridine, which was not specially purified 
in either case. 

Ethyl diacetyl-d-tartrate and ethyl diacetyl-/-tartrate were prepared from sodium ammonium 
tartrate resolved as above. Two samples of each ester were prepared independently, recrystal- 
lised three times from aqueous alcohol, and vacuum-distilled. In all cases the s.p. was 66-9°. 
For the d-compound : Ist sample, [«]?{*’ — 17-0°; 2nd sample, [«]3%, — 17:3; for the -com- 
pound: Ist sample, [«]?*° + 17-0°; 2nd sample, [«]3%, + 173°, all in benzene solution 
(c = 5). 

l-Menthyl acetate. The first sample used had d?° = 0-925293 (this identical value was 


found after keeping for several months) and a?%, (100 mm.) — 86-97°. The second sample 
had d%" 0-925336; af%, (100 mm.) — 86-94°. 


Our thanks are due to the Carnegie Trustees for the Universities of Scotland for grants 
covering most of the cost of this investigation. 


ORGANIC CHEMISTRY DEPARTMENT, UNIVERSITY OF GLASGOW. ([Received, November 6th, 1939.] 





60. Polycyclic Aromatic Hydrocarbons. Part XXII. 
By C. L. Hewett. 


1: 2-Dimethylchrysene has been obtained by an adaptation of the Pschorr 
synthesis of phenanthrene derivatives and also by the action of methylmagnesium 
iodide on chrysaquinone. 

In the course of unsuccessful attempts to synthesise 1 : 2 : 3 : 4-tetramethylphenan- 
threne, 1: 2:3: 4-tetramethylanthracene was obtained. 

1-Methyl-3 : 4-benzphenanthrene (III) has been obtained by indirect reduction of 
3 : 4-benz-1l-phenanthroic acid, and a new route to 2-substituted 3 : 4-benzphenan- 
threnes, for example, 2-isopropyl-3 : 4-benzphenanthrene, has been devised. 


THE weakly carcinogenic properties of 3 : 4-benzphenanthrene have been known for some 
time (Barry, Cook, Haslewood, Hewett, Hieger, and Kennaway, Proc. Roy. Soc., 1933, B, 
117, 318) and the fairly high degree of carcinogenic activity shown by 2-methyl-3 : 4- 
benzphenanthrene (II) [Hewett, J., 1936, 596; Bachmann, Cook, Dansi, de Worms, 
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Haslewood, Hewett, and (Mrs.) Robinson, Proc. Roy. Soc., 1937, B, 128, 359] and 1 : 2: 3: 4- 
dibenzphenanthrene (I) (Hewett, J., 1938, 193; unpublished experiments) indicates that 
this activity is in fact an inherent property of the 3 : 4-benzphenanthrene molecule. These 
derivatives of 3: 4-benzphenanthrene, unlike those of 1 : 2-benzanthracene, produce a 
form of new growth in the liver, and possibly other tumours as well. 

Substitution in either or both of the 1- and the 2-position of the molecule seems necessary 
to bring about the increased carcinogenic activity shown by 2-methy]l-3 : 4-benzphenan- 
threne and 1 : 2: 3 : 4-dibenzphenanthrene, for as yet, after one year, fewer tumours have 
been obtained with the 6-, 7- and 8-methyl derivatives of 3 : 4-benzphenanthrene (Hewett, 
J., 1938, 1286) either by application in benzene solution to the skin of mice or by injection. 
1:2:5:6-Dibenzphenanthrene (Hewett, Joc. cit.) also has only weakly carcinogenic 
activity, comparable with that of the parent hydrocarbon, 3 : 4-benzphenanthrene, itself. 
6 : 7-Dimethyl-3 : 4-benzphenanthrene (Fieser and Hershberg, J. Amer. Chem. Soc., 1936, 
58, 1463) has been reported to be without carcinogenic activity after being applied to mice 
for 16 months (see Newman and Joshel, zbid., 1938, 60, 486). 1-Methyl-3 : 4-benzphenan- 
threne (III) (this paper), on the other hand, has produced four epitheliomas and two 
papillomas in a series of 20 mice in a period of 335 days. 

Of the three tetracyclic aromatic hydrocarbons, chrysene (1: 2-benzphenanthrene), 
1 : 2-benzanthracene (2 : 3-benzphenanthrene), and 3 : 4-benzphenanthrene, only the last 
has carcinogenic activity to any marked degree. These three hydrocarbons are all deriva- 
tives of phenanthrene each substituted in two of the 1-, 2-, 3- and 4-positions. Further 
substitution of 2: 3-benzphenanthrene (1 : 2-benzanthracene) in either or both of the 
remaining 1- and 4-positions gives rise to highly carcinogenic hydrocarbons [e.g., methyl- 
cholanthrene (IV), Bachmann é¢ al., loc. cit.; 3: 4-benzpyrene (V), Barry e al., loc. cit.; 
9 : 10-dimethyl-1 : 2-benzanthracene (VI), Bachmann, Kennaway, and Kennaway, Yale 
J. Biol. Med., 1938, 11, 97]. Moreover, further substitution of the 3 : 4-benzphenanthrene 
molecule in the 1- or the 2-positions or in both leads to enhanced activity. In each of 
these cases, the active compound is a phenanthrene derivative substituted in at least three 
of the positions 1,2,3 and4. It thus seemed probable that, if the 3- and the 4-position of 
1 : 2-benzphenanthrene (chrysene) were substituted by methyl groups, again giving a 
phenanthrene substituted in all of the positions 1, 2, 3 and 4, a carcinogenic chrysene 
derivative could be obtained. This has proved to be the case; 1 : 2-dimethylchrysene 
(VII) has now been prepared and is undergoing biological test. In an experiment of which 
the present duration is 389 days, four epitheliomas have been Obtained in 20 mice. 


Ye Ry 


(I1.) (III.) (VII.) * 


Me Me mn 
M : “¥ 2 \/ 
(IV.) * Me e 
H,-CH, | 


(V.) * (VI.) * (VIII.) 


In the hydrocarbons under discussion, disubstitution in the 1-, 2-, 3- and 4-positions 
of phenanthrene leads to little or no activity, whereas tri- or tetra-substitution leads to 
marked activity. This substitution may be either by two benzene rings (I) or by one 
benzene ring and one or two methyl groups (II, III, IV, VI, VII), activity being retained 


* The numbering given in these formule indicates their structural relation to phenanthrene rather 
than to anthracene or chrysene. In formule (VI) and (VII) the official anthracene and chrysene 
numbering is given in parentheses. 
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whatever positions the benzene ring occupies. The fact that the benzene ring and methyl 
groups may be interchanged without loss of activity makes it desirable to obtain 1 : 2: 3 : 4- 
tetramethylphenanthrene (VIII), in which all four of the positions in question are occupied 
by methyl groups. Should this compound prove to be active, it would represent a car- 
cinogenic prototype of each of the three aromatic tetracyclic hydrocarbons. An attempt 
to prepare it led to 1: 2: 3: 4-tetramethylanthracene (XVII). 

In order to study the effect on carcinogenic activity of the size of the substituent in 
the 2-position of the 3: 4-benzphenanthrene molecule, 2-isopropyl-3 : 4-benzphenanthrene 
has been prepared. It is as yet too early to assess its activity, but after 12 months four 
epitheliomas have been obtained in a series of 20 mice. 

1-Methyl-3 : 4-benzphenanthrene was readily obtained by the Kishner—Wolff reduction 
of 3: 4-benz-1-phenanthraldehyde, which was prepared from the anilide of 3 : 4-benz-1- 
phenanthroic acid (Hewett, J., 1938, 1286) by reduction of the iminochloride with stannous 
chloride. 

1-Bromo-2-naphthaldehyde, prepared in poor yield by Mayer and Sieglitz (Ber., 1922, 
55, 1859) from 1-bromo-2-bromomethylnaphthalene and hexamine, in boiling aqueous 
alcoholic solution, is obtained in good yield when the solvent is boiling acetic acid. The 
condensation with sodium phenylacetate and acetic anhydride gave «-phenyl-B-2-(1- 
bromonaphthyl)acrylic acid (1X), which underwent cyclisation with fused potash to give 
an excellent yield of 3 : 4-benz-2-phenanthroic acid (X). 

An attempt to prepare 1 : 2-dihydro-3 : 4-benz-1-phenanthroic acid by the cyclisation 
of «-2-(1-bromonaphthyl)-B-phenylpropionic acid by means of fused potash gave poor 
results. A small amount of 3: 4-benz-l-phenanthroic acid and also of the dihydro-acid 
was obtained, but the main product was «-2-(l-hydroxynaphthyl)-B-phenylpropionic acid. 
Fieser, Joshel, and Seligman (J. Amer. Chem. Soc., 1939, 61, 2134), endeavouring to prepare 
a methylchrysene by cyclisation, with fused potassium hydroxide, of 1-(o-chloropheny])- 
2-(«-naphthyl)propene, obtained only tar. The success of the reaction in the preparation 
of the benzphenanthroic acids is probably associated with the configuration of the acids 
obtained by the Perkin condensation, which usually have the cis-configuration. 

Methyl 3 : 4-benz-2-phenanthroate (from X) reacted with methylmagnesium iodide to 
give a carbinol, which was readily dehydrated with picric acid to 2-isopropenyl-3 : 4- 
benzphenanthrene. Hydrogenation of this unsaturated compound with a palladium catalyst 
gave 2-tsopropyl-3 : 4-benzphenanthrene. 

1 ; 2-Dimethylnaphthalene (Darzens and Lévy, Compt. rend., 1936, 202, 74) was 
brominated to give 1-bromo-3 : 4-dimethylnaphthalene, the structure of which was proved by 
conversion of the Grignard compound prepared from it into the known 1 : 2 : 4-trimethyl- 
naphthalene (Ruzicka and Ehmann, Helv. Chim. Acta, 1932, 15, 140). Chloromethylation 
also took place in the same position, for the chloromethyl compound obtained gave, on 
reduction, the same trimethylnaphthalene. 

3 : 4-Dimethyl-l-naphthylmagnesium bromide reacted with ethylene oxide to give 
8-1-(3 : 4-dimethylnaphthyl)ethyl alcohol, which was readily converted into the chloride 
by means of thionyl chloride. The carbinol obtained from the Grignard reaction with 


this chloride and 2-methyleyclohexanone was heated with phosphoric oxide to give a gum, 
which resinified on heating with selenium. 


Me 
4 Me 
X 
Br. Ma 
™ yy, -CO,H O,H , 
(X.) (XI.) 


(IX.) 


The chlorine atom in 1-chloromethyl-3 : 4-dimethylnaphthalene (XI; X = Cl) is very 
reactive (compare 10-chloromethyl-l : 2-benzanthracene; Badger and Cook, J., 1939, 
803) and in the preparation of the nitrile (XI; X = CN) by means of aqueous alcoholic 
potassium cyanide, a large amount of by-product was obtained, which was probably the 
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ethoxy-compound. The nitrile was best prepared by heating with cuprous cyanide in 
phenylacetonitrile solution. 

The sodium salt of the 3 : 4-dimethyl-1-naphthylacetic acid (XI; X = CO,H) obtained 
by hydrolysis of this nitrile was condensed with o-nitrobenzaldehyde, and the resulting 
cinnamic acid derivative reduced to the amino-acid (XII). Ring closure was brought about 
by the modified Pschorr reaction (Bogert and Stamatoff, Rec. Trav. chim., 1933, 52, 589). 
The 1: 2-dimethylchrysene-7-carboxylic acid thus obtained was decarboxylated to 1: 2- 
dimethylchrysene (VII). 


CHMe 
Y 
NHy Me c6,H S HMe 


(XVII) 


The digl arising from the reaction between chrysaquinone and methylmagnesium iodide 
was converted into the oxide (XIII) by passing hydrogen chloride into its solution in methyl 
alcohol. Addition of hydriodic acid to a cold solution of the oxide in acetic acid gave a 
precipitate of an unstable iodo-compound, which was reduced by zinc dust and alcohol, 
in rather poor yield, to 1 : 2-dimethylchrysene. 

1 : 2-Dimethylchrysene-1 : 2-oxide was hydrogenated with a platinum catalyst in hot 
acetic acid directly to the aromatic hydrocarbon, but the yield was poor and uncertain. 
However, by using a palladium catalyst and acetone as a solvent, an almost quantitative 
yield of 1 : 2-dihydro-1 : 2-dimethylchrysene was obtained; this was readily dehydrogenated 
to the aromatic hydrocarbon with platinum. 

An attempt to synthesise 1 : 2: 3: 4-tetramethylphenanthrene involved the building 
of a new ring on to a naphthalene molecule with progressive introduction of new methyl 
groups. 2-«-Bromopropionylnaphthalene was condensed with ethyl sodiomethylmalonate ; 
the product after hydrolysis and decarboxylation gave f-2-naphthoyl-«B-dimethylpropionic 
acid (XIV). The methyl ester of this acid with methylmagnesium iodide gave a lactone, 
which was reduced to y-2-naphthyl-aBy-trimethylbutyric acid; this gave an oily ketone 
(XV) on ring closure. The carbinol arising from this ketone and methylmagnesium iodide, 
after dehydration, was heated with palladium to give a mixture which could not be purified. 

In an endeavour to overcome any possibility of losing a methyl group from a hydro- 
genated ring, 1 : 2: 3 : 4-tetramethylnaphthalene was employed as starting material, since 
all the methyl groups in the final dehydrogenation would be already in an aromatic ring. 
2: 3-Dimethylnaphthalene was chloromethylated, and the product hydrogenated to 
1 : 2: 3-trimethylnaphthalene (Ruzicka and Ehmann, Joc. cit.), which on further chloro- 
methylation and hydrogenation gave 1: 2:3: 4-tetramethylnaphthalene, the structure 
of which was established by the isolation of methyl mellitate from the methyl esters of the 
acids obtained by oxidation with dilute nitric acid. 1: 2:3: 4-Tetramethylnaphthalene 
underwent the Friedel-Crafts reaction with succinic anhydride to give a single acid (XVI), 
which was shown to be the 6-isomeride. The ketone obtained by ring closure, with 80% 
sulphuric acid, of the acid obtained by Clemmensen reduction was reduced by the Kishner- 
Wolff method to a tetrahydro-compound, which became dehydrogenated with difficulty to 
1:2:3:4-tetramethylanthracene (XVII). The structure of this hydrocarbon as an 
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anthracene was shown by its behaviour towards maleic anhydride, with which it readily 
reacted in boiling xylene, giving an adduct from which the original hydrocarbon was 
regenerated by sublimation at 300°. On oxidation 1: 2:3: 4-tetramethylanthracene 
gave a p-guinone. 

The formation of an anthracene derivative in the aforementioned ring-closure, in 
preference to a phenanthrene derivative, is a striking example of the hindering effect of 
an a-methyl group. This effect has also been observed by Haworth and Sheldrick (J., 
1934, 1950), who obtained 5-keto-l-methyl-5 : 6: 7 : 8-tetrahydroanthracene on ring 
closure of y-7-(1-methylnaphthyl)butyric acid. In this present instance the effect of the 
a-methyl group is even more pronounced, as, although there are two «a-positions in the 
naphthalene nucleus vacant, both the original condensation and the subsequent cyclisation 
occurred in the 8-positions. 


EXPERIMENTAL. 


1-Methyl-3 : 4-benzphenanthrene (III).—3 : 4-Benz-l-phenanthroic acid (18 g.) was refluxed 
with thionyl chloride (75 c.c.) for 1 hour, and the excess removed under reduced pressure. 
The anilide, prepared from this acid chloride and aniline (2 mols.), crystallised from xylene in 
colourless plates (18 g.), m. p. 215—216° (Found : C, 85-9; H, 5-6; N, 3-9. C,,H,,ON requires 
C, 86-4; H, 4-9; N, 40%). The anilide (14 g.) was dissolved in tetrachloroethane (60 c.c.) 
and heated with phosphorus pentachloride, (11-5 g.) at 150° for $ hour. The phosphorus 
oxychloride and the solvent were then removed, and the residual iminochloride redissolved in 
fresh tetrachloroethane (20 c.c.) and slowly added to a solution of stannous chloride (42 g.) in 
ether (375 c.c.) saturated with hydrogen chloride, cooled in ice. After 18 hours at 2—3°, the 
ether and tetrachloroethane were distilled off with steam, and the residue hydrolysed with 
hydrochloric acid. The product was distilled, the fraction, b. p. 235—236°/0-2 mm., being 
collected (6-8 g.). The resulting 3: 4-benz-1-phenanthraldehyde crystallised from alcohol in 
yellow plates, m. p. 81—82° (Found: C, 88-6; H, 4-4. C,,H,,O requires C, 89-0; H, 4:7%). 
The semicarbazone, prepared in alcoholic solution, had m. p. 220—222° (Found: N, 13-0. 
CysH,,ON, requires N, 13-4%). 

The semicarbazone (6-2 g.) was heated with sodium ethoxide (sodium, 6-2 g., in ethyl alcohol, 
90 c.c.) in sealed tubes at 180° for 16 hours. The product was distilled at 200—210°/0-4 mm., 
and the distillate (3 g.) converted into the picrate, which crystallised from alcohol in vermilion 
needles, m. p. 112-5—113-5° (Found: C, 640; H, 3-7. C,,H,,,C,H,O,N, requires C, 63-7; 
H, 3-6%). 1-Methyl-3 : 4-benzphenanthrene was regenerated from the picrate by passage of its 
benzene solution through a column of alumina, and the hydrocarbon was distilled from an air- 
bath at 210°/0-4 mm.; it formed a solid which crystallised from alcohol in colourless cubes, 
m. p. 77—78° (Found: C, 94-3; H, 5-8. C,.H,, requires C, 94-0; H, 6-0%). 

2-isoPropyl-3 : 4-benzphenanthrene.—1-Bromo-2-naphthaldehyde (cf. Mayer and Sieglitz, 
loc. cit.). 1-Bromo-2-bromomethylnaphthalene (50 g.) was dissolved in boiling acetic acid 
(100 c.c.), finely powdered hexamine (25 g.) added, and the whole heated over a naked flame 
until the solution became clear (about 30 seconds). Water (75 c.c.) was then added, and the 
aldehyde allowed to crystallise. Recrystallisation from acetic acid gave pure 1-bromo-2- 
naphthaldehyde, m. p. 117—118°. Yield, 210 g. from 680 g. of the dibromo-compound. 

a-Phenyl-B-2-(1-bromonaphthyl)acrylic acid (IX). 1-Bromo-2-naphthaldehyde (69 g.), 
sodium phenylacetate (72 g.), and acetic anhydride (280 c.c.) were heated on a water-bath for 
24 hours, water added, and heating continued until all the acetic anhydride had decomposed. 
The solid acid was purified through its ammonium salt. The pure acid crystallised from acetic 
acid in colourless plates, m. p. 211—212° (Found: C, 64-55; H, 3-8. C,H,,0,Br requires 
C, 64:6; H, 3-7%). In this way 233 g. of acid were prepared from 215 g. of aldehyde. In an 
experiment carried out at 130° for 6 hours, the yield was 10% less. 

3 : 4-Benz-2-phenanthroic acid (X). The foregoing acid (10 g.) and potassium hydroxide 
(40 g.) were heated in an oil-bath at 260° for 10 minutes. During the vigorous reaction which 
took place, the vessel was removed from the bath and replaced when this had subsided. A 
slightly higher temperature was needed for the ring closure of this acid than for the corres- 
ponding l-isomer described in Part, XVIII (J., 1938, 1288). The 3: 4-benz-2-phenanthroic 
acid was purified through its sparingly soluble sodium salt, which separated in colourless 
plates. After crystallisation from acetic acid, the free acid formed pale yellow needles, m. p. 
236—237° (Found: C, 83-85; H, 4-6. C,,H,,O, requires C, 83-8; H, 445%). Yield, 115 g. 
from 233 g. of the bromo-acid. 

x 





298 Hewett: Polycyclic Aromatic Hydrocarbons. Part XXII. 


Methyl 3 : 4-benz-2-phenanthroate (10-7 g.), prepared from the acid (10 g.) by methyl-alcoholic 
hydrogen chloride, crystallised from light petroleum (b. p. 80—100°) in colourless plates, m. p. 
76—77° (Found : C, 83-9; H, 5-0. C,9H,,O, requires C, 83-9; H, 4-9%). 

The methyl ester (4 g.) was added to methylmagnesium iodide prepared from methyl iodide 
(8-0 g.), magnesium (1-4 g.), and ether (25 c.c.) cooled in ice. The whole was refluxed on the 
water-bath for 1 hour and decomposed with ice and ammonium chloride. After removal of 
the ether from the washed and dried solution, the residue was recrystallised from alcohol, 
3: 4-benz-2-phenanthryldimethylcarbinol being obtained in colourless micro-needles, m. p. 
139—140° (Found: C, 87-7; H, 6-3. C,,H,,0 requires C, 88-1; H, 6-3%). The liquors 
consisted mainly of the unsaturated hydrocarbon. In another experiment, the crude carbinol 
arising from 5-2 g. of methyl ester was refluxed in alcohol with picric acid for 1 hour, and the 
picrate (9-8 g.) of 2-isopropenyl-3 : 4-benzphenanthrene separated on cooling. After recrys- 
tallisation from alcohol it formed vermilion needles, m. p. 113—113-5° (Found: C, 65-4; H, 
4-3. C,,H,.,CgH,O,N, requires C, 65-15; H, 39%). The isopropenyl compound, regenerated 
from the picrate by passage of the benzene solution through alumina, was hydrogenated in 
alcoholic solution with a palladium catalyst. The resulting 2-isopropyl-3 : 4-benzphenanthrene 
was purified through its picrate, which crystallised from alcohol in vermilion needles, m. p. 
116-5—117° (Found: C, 65-2; H, 4:5. C,,H,,,C,H,O,N, requires C, 64-9; H, 4-25%). The 
regenerated hydrocarbon crystallised from alcohol in colourless plates, m. p. 91-5—92-5° (Found : 
C, 93-5; H, 6-8. (C,,;H,, requires C, 93-3; H, 6-7%). 

1 : 2-Dihydro-3 : 4-benz-1-phenanthroic Acid.—Ethyl 1-bromo-2-naphthylacetate (100 g.) 
was added to a solution of sodium ethoxide, prepar€d from sodium (8-75 g. ) and alcohol (35 c.c.), 
in ether (400 c.c.) containing ethyl oxalate (66 g.). After being kept for 16 hours at room 
temperature and 2 hours at the b. p., the mixture was poured on ice and sulphuric acid, and the 
ethereal layer washed and dried (cf. Wislicenus, Ber., 1894, 27, 1092). The residue from the 
evaporation of the ether was pyrolysed at 200—210°/20 mm. for 4 hour and then distilled. 
The redistilled ethyl 1-bromo-2-naphthylmalonate (110 g.) had b. p. 187—189°/0-3 mm. (Found : 
C, 56-3; H, 4-6. C,,H,,O,Br requires C, 55-9; H, 4-7%). The sodio-compound prepared from 
the foregoing ester (62 g.) and sodium (4-3 g.) in ethyl alcohol (150 c.c.) was treated with benzyl 
chloride (23-6 g.), and the whole heated on the water-bath for 5 hours. Potassium hydroxide 
(25 g.) in a small amount of water was then added, boiling continued, and the alcohol distilled 
off. After dilution with water and extraction with ether, the alkaline solution was acidified, 
and the malonic acid collected, dried, and decarboxylated. The product was a mixture of acids 
and was purified by distillation of the methyl esters, the fraction, b. p. 210—220°/0-4 mm., 
being collected. Hydrolysis gave «-2-(1-bromonaphthyl)-B-phenylpropionic acid, which crystal- 
lised from acetic acid in colourless plates, m. p. 131—132° (Found: C, 64:5; H, 4-3. 
C,,H,,0,Br requires C, 64-2; H, 4:25%). 

Ring closure. The foregoing acid (4-5 g.) was dissolved in quinoline (45 c.c.) and heated 
at 250—260° with potassium hydroxide (22-5 g.) for 2 hours. The product was distilled at 
210°/0-3 mm. (2-9 g.). This was a-phenyl-B-2-(1-bromonaphthyljethane (Found: C, 69-9; H, 
5-0. C,,H,,Br requires C, 69-4; H, 49%). 

The acid (10 g.) was heated with potassium hydroxide (50 g.) at 260° for 15 minutes and the 
crude mixture of acids obtained by acidifying the aqueous solution was converted into the 
ethyl esters and distilled. Three fractions were collected: (i) b. p. 180°/0-4 mm., (ii) b. p. 
180—187° /0-4 mm., (iii) b. p. 200—210°/0-4 mm. Fraction (i) on hydrolysis gave 1 : 2-dihydro- 
3 : 4-benz-1-phenanthroic acid, which crystallised from benzene in colourless plates, m. p. 140-5— 
141-5° (Found: C, 82-7; H, 5-8. C,H,,O, requires C, 83:15; H, 515%). Yield, 0-3 g. 
Fraction (ii) on hydrolysis gave 8-phenyl-a-2-(1-hydroxynaphthyl)propionic acid, which formed 
plates from benzene, m. p. 146-5—147-5° (Found: C, 77-5; H, 5-55. C,,H,,O, requires C, 
78-0; H, 55%). The third fraction on hydrolysis gave 3 : 4-benz-1-phenanthroic acid, m. p. 
240—242°, not depressed by an authentic specimen. 

1 : 2-Dimethylchrysene—(i) 1-Bromo-3 : 4-dimethylnaphthalene. 1-Chloromethyl-2-methyl- 
naphthalene (Darzens and Lévy, loc. cit.) (50 g.) in alcohol (160 c.c.) and water (40 c.c.) was 
heated on the water-bath with zinc dust (65 g.) (Zelinsky, Ber., 1901, 34,.2801). A violent 
reaction immediately set in, which was moderated by plunging the flask into a freezing mixture ; 
after the reaction had subsided, the reaction mixture was refluxed on the water-bath for 1 hour. 
The zinc dust was filtered off and extracted several times with hot alcohol, and the alcoholic 
extracts evaporated to small bulk. The residue was extracted with ether and washed, dried, 
and evaporated. The 1: 2-dimethylnaphthalene was distilled; b. p. 135—136°/14 mm. (26 g.). 
The less volatile residue consisted of as.-1 : 1'-(2 : 2’-dimethyldinaphthyl)ethane, which, recrystal- 
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lised from toluene, formed fine colourless plates, m. p. 177—-178° (Found: C, 92-6; H, 7-0, 
CosHee requires C, 92-85; H, 7-15%). A further quantity of this material was obtained from 
the zinc residues by extraction with boiling toluene. 

1 : 2-Dimethylnaphthalene (18 g.) was dissolved in carbon disulphide (50 c.c.), and bromine 
(58 c.c.) in carbon disulphide (10 c.c.) slowly added in the dark, After the bromine had all 
reacted, the pale straw-coloured liquid was evaporated, and the residue distilled, b. p, 190— 
195°/14 mm. (22°83 g.). The picrate separated from alcohol in yellowish-orange needles, m. p 
108—109° (Found: C, 47-2; H, 3:2. (C,,H,,Br,C,H,O,N, requires C, 46-5; H, 3-0%). 
1-Bromo-8 : 4-dimethylnaphthalene, regenerated from the picrate, crystallised from light petroleum 
in colourless rhombs, m. p. 39—40° (Found: C, 61-4; H, 48. ©C,,H,,Br requires C, 61-2; 
H, 47%). 

A Grignard solution prepared from 1-bromo-3 : 4-dimethylnaphthalene (11-8 g.), magnesium 
(1-2 g.), and ether (25 c.c.) was treated, with ice cooling, with methyl sulphate (9-5 g.). After 
the reaction had subsided, the whole was boiled for 1 hour, decomposed with ice and dilute 
sulphuric acid, and the ethereal solution washed, dried, and evaporated. The residue on 
distillation gave 1 : 2: 4-trimethylnaphthalene, b. p. 155—165°/18 mm., m. p. 50—51°, which 
gave a picrate, m. p. 145—147°, and a styphnate, m. p. 122—123° (Ruzicka and Ehmann, Joc. 
cit,, give the m. p.’s 50°, 147-5°, and 123-5° respectively). 

A Grignard solution prepared from the bromo-compound (63 g.), magnesium (6-6 g.), and 
ether (200 c.c.) was treated in ice with ethylene oxide (13-3 g.). After working up in the usual 
manner, the product was distilled, and the fraction, b. p. 150—152°/0-3 mm., collected (29 g.), 
Crystallisation from light petroleum and then from cyclohexane gave colourless tablets of 
Q-1-(3 : 4-dimethylnaphthyl)ethyl alcohol, m. p. 65° (Found: C, 83-9; H, 8-0, C,,H,,O requires 
C, 84-0; H, 8-0%). The chloride, prepared by means of thiony] chloride in the usual manner, 
had b. p. 140—145°/0-3 mm.; recrystallised from methyl alcohol, it formed colourless needles, 
m. p. 44—45° (Found: C, 76-7; H, 6-9. C,,H,,Cl requires C, 76-8; H, 6-9%). 

A Grignard solution prepared from the chloride (12-6 g.), magnesium (1-5 g.), and ether 
(40 c.c.) was treated with 2-methylcyclohexanone (6-9 g.) in ether (10 c.c.) with ice cooling. 
After $ hour in ice and 2 hours’ boiling, the product was decomposed with ammonium chloride 
and ice, and the residue from the evaporation of the ether distilled, b. p. 195—200°/0-5 mm, 
(8:8 g.). It was not possible to obtain this carbinol sufficiently pure for analysis, but when it 
(2-2 g.) was heated with phosphoric oxide (4-4 g.) at 160° for 1 hour, and the ether-extracted 
product heated with selenium, there was obtained only a very small amount of an oily brown 
distillate which could not be obtained crystalline. 

1-Chloromethyl-3 : 4-dimethylnaphthalene (XI; X = Cl). In several attempts to chloro- 
methylate 1 : 2-dimethylnaphthalene under various conditions, it was found that temperature 
had a great influence on the yield of chloromethyl compound and that the lower the temperature 
the less the amount of diarylmethane formed. For example, if the reaction was carried out 
according to Darzens and Lévy (loc. cit.) in a sealed bottle for 20 hours at 60°, the yield, from 
15-2 g. of hydrocarbon, was 4-5 g.; at room temperature for 16 hours the yield reached its 
maximum of 11 g.; reaction at 0° for 48 hours gave a yield of 10 g. and unchanged material still 
remained. The following method was finally adopted: 1: 2-Dimethylnaphthalene (68 g.) was 
dissolved in acetic acid (200 c.c.), paraformaldehyde (26-3 g.) added, and hydrogen chloride passed 
through until the paraformaldehyde passed into solution, the whole being cooled in ice. The 
mixture was then left at room temperature for 16 hours, diluted with water, and extracted with 
benzene. The benzene extract was washed with dilute sodium carbonate solution and evaporated ; 
the residue was distilled, b, p. 143—145°/0-8 mm. 1-Chloromethyl-3 : 4-dimethylnaphthalene, 
recrystallised from light petroleum, formed colourless needles (46 g.), m. p. 70—71° (Found : 
C, 76-2; H, 64. C,,H,,Cl requires C, 76:2; H, 64%). The residue from the distillation 
was recrystallised from benzene ; it had m. p. 174—175° and analysis showed it to be 3 : 3’: 4: 4’- 
tetramethyl-1 : 1'-dinaphthylmethane (Found: C, 92-5; H, 7:5. CysH,, requires C, 92-5: H, 
75%). 1-Chloromethyl-3 ; 4-dimethylnaphthalene on reduction with zinc dust and aqueous 
alcohol as already described gave 1 : 2: 4-trimethylnaphthalene, m. p, 49—50°; picrate, m, p, 
146—147°. 

3: 4Dimethylnaphthyl-l-acetic acid (XI; X=CO,H). 1-Chloromethyl-3 ; +-dimethyl- 
naphthalene (17-2 g.) was dissolved in alcohol (100 c.c.) and refluxed for 3 hours with potassium 
cyanide (8-4 g.) in water (10 c.c.), and the crude product hydrolysed with alcoholic potassium 
hydroxide. The resulting 3 : 4-dimethyl-l-naphthylacetic acid (5-1 g.) separated from acetic 
acid in colourless plates, m. p. 181—182° (Found: C, 783; H, 6:7. C,,H,,O, requires C, 
78-5; H, 66%). The major part of the chloromethyl compound had been converted into a 
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neutral substance, which was not further investigated but was probably the ethoxymethy] 
compound similar to that obtained by Badger and Cook (loc. cit.). The pure nitrile (XI; 
X = CN) was prepared by heating the chloromethyl compound (38 g.) with cuprous cyanide 
(38 g.) in phenylacetonitrile (50 c.c.) at 160—170° for 1 hour and then at 220° for } hour. The 
reaction mixture was decomposed by warming on the water-bath with concentrated hydro- 
chloric acid. After removal of the phenylacetonitrile at reduced pressure, the mitrile distilled 
at 160—170°/0-5 mm. and crystallised from methyl alcohol in colourless prisms, m. p. 66-5— 
67-5° (Found: C, 86-1; H, 7-0. C,,H,,N requires C, 86-1; H, 6-7%). Yield, 27-3 g. (75%). 

Sodium 3: 4dimethyl-l-naphthylacetate (32-5 g.), prepared by the addition of sodium 
hydroxide (5-6 g.) in water (5 c.c.) to a solution of the acid (30 g.) in alcohol (500 c.c.), was 
heated with o-nitrobenzaldehyde (20-5 g.) and acetic anhydride (180 c.c.) at 130° for 7 hours 
and then poured into water. After decomposition of the acetic anhydride, the aqueous layer 
was decanted, and the residue purified through its ammonium salt; the free «-1-(3 : 4-dimethyl- 
naphthyl)-o-nitrocinnamic acid crystallised from alcohol in yellow tablets (17-5 g.), m. p. 213— 
214° (Found: C, 72-8; H, 5-2. C,,H,,O,N requires C, 72-6; H, 4:9%). The nitro-acid 
(17-5 g.) was reduced with ferrous sulphate (175 g.) and aqueous ammonia (90 c.c.; d 0-880) 
and water (900 c.c.). The amino-acid (XII), purified through its sparingly soluble potassium 
salt and crystallised from benzene containing a little alcohol, formed a yellow powder (11-5 g.), 
m. p. 226—227° (Found: C, 79-0; H, 6-1. C,,H,,0O,N requires C, 79-4; H, 6-05%). 

1 : 2-Dimethylchrysene-1-carboxylic acid. The amino-acid (11-5 g.) was dissolved in water 
(200 c.c.) containing sodium carbonate (crystalline; 10-5 g.) and sodium nitrite (2-5 g.), and the 
cold solution slowly run into a solution of sulphuric acid (40-5 c.c.) in water (160 c.c.) cooled in 
ice. Copper powder was then added and, when the evolution of nitrogen had subsided, the 
whole was slowly warmed to 70° to complete the reaction. The precipitate was filtered off 
and extracted with dilute sodium carbonate solution to remove the copper, and the free acid 
reprecipitated from aqueous ammonia (charcoal) and recrystallised from acetic acid; m. p. 
234—235° (Found: C, 83-3; H, 5-4. C,,H,,O, requires C, 84-0; H, 5-3%). Yield, 3-4 g. 
Decarboxylation of the acid (3-4 g.) by means of copper powder (1-7 g.) in boiling quinoline 
(35 c.c.) was complete in 1 hour. The product, distilled over sodium at 200°/0-5 mm., gave 
1 : 2-dimethylchrysene (VII), m. p. 127—128°, on crystallisation from acetic acid (Found : 
C, 93-4; H, 6-3. C,9H,, requires C, 93-7; H, 6-3%). The product obtained by oxidation with 
sodium dichromate in acetic acid, after removal of acidic material, was a red quinone-like 
substance, m. p. 157—159°, but it was not possible to obtain it pure enough for analysis. 

(ii) 1: 2-Dihydroxy-1 : 2-dimethyl-1 : 2-dihydrochrysene. To a Grignard solution prepared 
from methyl iodide (42-6 g.), magnesium (7-2 g.), and ether (200 c.c.) was added finely powdered 
chrysaquinone (19-3 g.), the whole being cooled in ice. The mixture was then removed from 
the ice, boiled for 4 hour, and decomposed with ice and ammonium chloride. After removal of 
the ether the residue was dissolved in methyl alcohol, and the hot solution shaken with a saturated 
solution of sodium bisulphite until the colour was removed; water was then added, and the 
diol collected and recrystallised from 80% alcohol; it formed colourless needles (14-2 g.), m. p. 
154—155° (Found: C, 82-6; H, 6-3. C,9H,,O, requires C, 82-7; H, 6-3%). 

1 : 2-Dimethylchrysene-1 : 2-oxide (XIII). Attempts were made to reduce the diol to the 
hydrocarbon in the same manner as the analogous diaryl diols were reduced by Cook (J., 1931, 
2012). The diol (1 g.), hydriodic acid (1 c.c.), and acetic acid (25 c.c.) were refluxed for 10 
minutes; after cooling, filtration, and washing, the bimolecular product was crystallised from 
benzene; it had m. p. 245—248°, raised to 258—260° by further crystallisation (Found: C, 
92-7; H, 6-2; M, 540. C,9H,, requires C, 93-7; H, 6-3%; M, 256). The same product was 
obtained when the diol (1-5 g.) was heated with hydriodic acid (10 c.c.) and red phosphorus 
(0-8 g.) in a sealed tube at 175—180° for 18 hours. The diol was recovered unchanged after 
the passage of hydrogen chloride through its chloroform solution, treatment which converts 
the diaryl diols obtained from acenaphthenequinone into the dichloro-compounds (Bachmann 
and Ju Hira-Chu, J. Amer. Chem. Soc., 1936, 58, 1119). Dehydration to the oxide also pre- 
sented difficulties; for example, the diol in acetic acid was resinified by strong acids or iodine. 

The following method was finally used for the preparation of the oxide : The diol (24 g.) was 
dissolved in methyl alcohol (350 c.c.), cooled in ice, and hydrogen chloride passed in until the 
solution was saturated. During this process the oxide commenced to separate; after 4 hours 
the solid was filtered off, washed with methyl alcohol and water, and dried. The crude oxide 
(20-5 g.; 91%) had m. p. 153—164° and was sufficiently pure for subsequent experiments. 
The pure oxide separated from benzene-—light petroleum in colourless micro-needles, m. p. 
155—156° (Found: C, 88-3; H, 6-5. C,9H,,O requires C, 88-2; H, 5-9%). 
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(a) When a solution of the oxide (1 g.) in acetic acid (30 c.c.) was treated in the cold with 
hydriodic acid (2 c.c.) in acetic acid (10 c.c.), a precipitate was slowly formed which became 
resinous on heating. The precipitate, however, if filtered off in the cold could be crystallised 
from warm acetic acid; the pale yellow needles, m. p. 115°, were very unstable and easily 
liberated iodine. The crude iodo-compound from 1-2 g. of oxide was suspended in alcohol, 
zinc dust (3 g.) added, and the whole refluxed for 10 minutes. The zinc was filtered off, the 
alcohol evaporated to dryness, and the residue extracted with ether. The ethereal solution 
was washed with water and evaporated, and the residual solid sublimed at 140° in a high vacuum. 
The sublimate, recrystallised from acetic acid, had m. p. 127—128°, not depressed by 1 : 2- 
dimethylchrysene prepared as previously described. Yield, 0-4 g. 

(b) The oxide (5 g.) was dissolved in hot acetic acid (100 c.c.) and shaken in an atmosphere 
of hydrogen with a platinum catalyst until 375 c.c. were taken up, the temperature being kept 
at about 60—70°. The filtered solution was evaporated to dryness, and the residue distilled 
at 250°/1 mm. The distillate, recrystallised from acetic acid, was 1 : 2-dimethylchrysene, 
m. p. 125—126°; yield, 1-7 g. 

(c) The oxide (10 g.) was dissolved in acetone (250 c.c.) and shaken at room temperature 
with palladium in an atmosphere of hydrogen for 18 hours, during which 1950 c.c. were taken up. 
The filtered acetone solution was evaporated, and the residue distilled, b. p. 194—196°/0-4 mm. 
(8-5 g.). 1: 2-Dihydvo-1 : 2-dimethylchrysene crystallised from alcohol in colourless tablets, 
m. p. 104—104-5° (Found: C, 93-0; H, 7-2. CyoH,, requires C, 93-0; H, 7:0%). This 
dihydro-compound (18-5 g.) was smoothly dehydrogenated by platinum at 280—300° to 
1 : 2-dimethylchrysene (14 g.), m. p. 126—127°. 

Attempted Synthesis of 1:2:3: 4-Tetramethylphenanthrene.—4-Keto-1 : 2 : 3-irimethyl- 
1:2:3: 4-tetrahydrophenanthrene (XV). 2-Propionylnaphthalene (Barbot, Bull. Soc. chim., 
1930, 47, 1314) (16 g.) was dissolved in chloroform (80 c.c.), and bromine (4-4 c.c.) in chloroform 
(40 c.c.) slowly run in. The hydrogen bromide was removed in a current of dry air, and the 
solvent under reduced pressure. The residual 2-«-bromopropionylnaphthalene crystallised from 
light petroleum in colourless plates, m. p. 81—82° (Found: C, 593; H, 4:2. C,,;H,,OBr 
requires C, 59-3; H, 4:2%). To a solution of ethyl sodiomethylmalonate, prepared from ethyl 
methylmalonate (60 g.) and sodium (7-5 g.) in benzene (400 c.c.), was added the foregoing 
bromo-compound (78 g.) in benzene (100 c.c.), the whole being cooled in a freezing mixture. 
After remaining for 3 hours in the freezing mixture and for 14 hours at room temperature, it 
was boiled for 1 hour, the benzene distilled off, and the residue hydrolysed with alcoholic 
potassium hydroxide. The malonic acid, after separation from the neutral material, was 
decarboxylated at 190—200°. The acid mixture was esterified with methyl alcohol and 
hydrogen chloride, and the esters distilled, b. p. 200—210°/4-0 mm. (48 g.). The esters were 
hydrolysed with alcoholic potassium hydroxide,-and the acid, an oily solid, extracted with 
ether. Crystallisation from benzene and then dilute acetic acid gave 6-2-naphthoyl-aB-dimethyl- 
propionic acid (XIV), m. p. 147-5—148-5° (Found: C, 74:9; H, 6-3. C,,H,,O, requires C, 
75-0; H, 6-3%) (45 g. from 180 g. of bromo-compound). The pure methyl ester had b. p. 180— 
187°/1 mm. and crystallised from cyclohexane in colourless plates, m. p. 79-5—80° (Found : 
C, 75-2; H, 6-7. C,,;Hy9O, requires C, 75-0; H, 7-4%). Toa Grignard solution, prepared from 
methyl iodide (4-5 g.), magnesium (0-4 g.), and ether (15 c.c.), was rapidly added the foregoing 
ester (2-7 g.) in benzene (120 c.c.) with ice-cooling (compare Haworth and Sheldrick, J., 1934, 
864). After heating on the water-bath for 2 hours the mixture was worked up in the usual 
manner. The crude product obtained from 26 g. of ester was hydrolysed with alcoholic potas- 
sium hydroxide, and, after removal of the alcohol and dilution with water, the neutral material 
removed by ether-extraction. The alkaline solution was then acidified, and the precipitate 
boiled with sodium carbonate solution; a small amount of the original acid then passed 
into solution. The major part was undissolved and was collected and distilled, b. p. 
180—185°/0-4 mm., and recrystallised from methyl alcohol; it formed colourless plates 
(16-6 g.) of y-2-naphthyl-aBy-trimethylbutyrolactone, m. p. 131—131-5° (Found: C, 80-15; 
H, 7-1. C,,H,,O, requires C, 80-3; H, 7-1%). The lactone (13 g.), amalgamated zinc (26 g.), 
water (20 c.c.), concentrated hydrochloric acid (50 c.c.), and toluene (20 c.c.) were boiled under 
reflux for 48 hours with the addition of hydrochloric acid (10 c.c.) each hour during the first 8 
hours. After removal of the toluene with steam the acid—lactone mixture was filtered off and 
extracted with sodium carbonate solution, 4-2 g. of lactone being recovered. The y-naphthyl- 
upy-trimethylbutyric acid went into solution; after purification through its sparingly soluble 
sodium salt and recrystallisation from light petroleum,and then from aqueous methyl alcohol, 
it had m. p. 124-6—125-5° (Found: C, 79-9; H, 7-9. C,,;H,,O, requires C, 79-6; H, 7:9%). 
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Yield, 7-5 g. Ring closure of the acid (6-7 g.) with sulphuric acid (28 c.c.) and water (7 c.c.) was 
carried out on the water-bath for} hour. After dilution with water, the 4-Reto-1 : 2 : 3-ivimethyl- 
1:2:3: 4-tetyvahydrophenanthrene (XV) was extracted in ether, washed with dilute sodium 
carbonate solution, recovered, and distilled, b. p. 190°/0-8 mm. (Found: C, 85-9; H, 7:8. 
Citi® requires C, 857; H, 7-6%) 

: 2:38: 4-Tetramethylnaphthalene.—2 : 3-Dimethylnaphthalene (125 g.) was added to a 
por of paraformaldehyde (64 g.) in acetic acid (800 c.c.) through which hydrogen chloride 
had been passed to give a clear solution. The suspension was shaken at room temperature 
for 24 hours, and the clear solution was worked up as before. The product was distilled, b. p. 
142—145°/0-8 mm., and the distillate crystallised from light petroleum. 1-Chloromethyl-2 : 3- 
dimethylnaphthalene formed small colourless needles (110 g.), m. p. 86—87° (Found: C, 76-2; 
H, 6-4. C,,H,,Cl requires C, 76-2; H, 64%). This was reduced quantitatively to 1: 2: 3- 
trimethylnaphthalene, m. p. 27—28°, by shaking an acetone solution in an atmosphere of hydro- 
gen with a palladium catalyst; it gave a picrate, m. p. 142—142-5°, and a styphnate, m. p. 
143—144° (Ruzicka and Ehmann, loc. cit., describe the hydrocarbon as an oil and give the 
m. p. of the picrate 142-5° and of the styphnate 143-5°). 

Chloromethylation of 1 : 2: 3-trimethylnaphthalene (30 g.) with paraformaldehyde (14 g.) 
in acetic acid (175 c.c.) was carried out as above. After 18 hours’ shaking, during which the 
solid chloromethyl compound separated, it was worked up as before. After distillation at 
167° /1-6 mm. 1-chloromethyl-2 : 3 : 4-trimethylnaphthalene (27-5 g.) separated from light petroleum 
in colourless tablets, m. p. 94—95° (Found: C, 76-9; H, 6-9. C,,H,,Cl requires C, 76-85; 
H, 69%). Hydrogenation in acetone solution with a palladium catalyst gave a quantitative 
yield of 1:2: 3: 4-tetvamethylnaphthalene, which separated from alcohol in long colourless 
needles, m. p. 106-56—107:5° (Found: C, 91-0; H, 8-7. C,H, requires C, 91-3; H, 8-7%). 
The picrate separated from alcohol in vermilion needles, m. p. 182—183° (Found: C, 58-7; 
H, 4°75. CH .¢,C,H,O,N, requires C, 58-1; H, 46%). 

Oxidation of 1: 2:3: 4-Tetramethylnaphthalene.—The hydrocarbon (1-2 g.) was heated with 
nitric acid (d 1-42; 10 c.c.) and water (20 c.c.) at 175—180° for 7 hours. The solution was 
evaporated to dryness, and the acids converted into the silver salts in the usual manner. A 
suspension of the silver salts (2-7 g.) in benzene was treated with methyl iodide (2 c.c.); after 
24 hours the solution was filtered and evaporated, and the oily residue dissolved in a little methyl 
alcohol. On standing for several days at 0°, long needles were deposited, m. p. 179—182°, 
after recrystallisation from aqueous methyl alcohol. The product did not contain nitrogen. 
The m. p. in the literature for hexamethy] mellitate is 187—-188°. The esters of other acids which 
might arise in the oxidation of a 1 : 2: 3 : #-tetramethylnaphthalene all melt below 150°. 

6-6-(1: 2:3: 4-Tetvamethylnaphthoyl)propionic Acid (XVI).—A mixture of 1:2:3:4- 
tetramethylnaphthalene (36-8 g.) and succinic anhydride (24 g.) was added to a solution of 
aluminium chloride (53-2 g.) in nitrobenzene (160 c.c.) cooled in ice. After 20 hours at 0° the 
mixture was decomposed with ice and hydrochloric acid, the nitrobenzene distilled off with 
steam, and the solid dissolved in boiling sodium carbonate solution (charcoal) and filtered. 
The sodium salt which separated on cooling was filtered off; the acid obtained from it crystal- 
lised from acetic acid in almost colourless needles (51 g. = 90%), m. p. 196—197° (Found: 
C, 75°75; H, 7-2. CygH49O, requires C, 76-0; H, 7-1%). 

B-6-(1: 2:3: 4-Tetramethylnaphthyl)butyric Acid—The keto-acid (6-2 g.) was boiled for 6 
hours with amalgamated zinc (20 g.), anisole (25 c.c.), water (25 c.c.), and concentrated hydro- 
chloric acid (15 c.c.), more hydrochloric acid (3 c.c.) being added at the end of each hour. The 
anisole was distilled off with steam, and the residue extracted with dilute sodium carbonate 
solution. The reprecipitated acid crystallised from 80% acetic acid in colourless plates, m. p. 
153-5—154-5° (Found: C, 79-7; H, 83. C,,H,,O, requires C, 79-85; H, 8-2%). 

5-Keto-1 : 2: 3: 4-tetramethyl-5 : 6 : 7 : 8-tetvrahydroanthvacene.—The above acid (3-7 g.) was 
heated with sulphuric acid (12 c.c.) and water (4 c.c.) on a steam-bath for 4 hour, and the deep 
red solution poured on ice. The solid was washed with dilute sodium carbonate solution and 
recrystallised from acetic acid (charcoal). The ketone separated in pale yellow plates (2-4 g.), 
m. p. 178—179° (Found: C, 86-45; H, 82. C,,HO requires C, 85-7; H, 8-0%). The 
semicarbazone, prepared in alcoholic solution, could be recrystallised from dioxan, and had 
m. p. above 270° (Found: N, 13-2. C,,H,,ON; requires N, 136%). 

1: 2:3: 4-Tetramethylanthracene (XVII).—The aforesaid semicarbazone (16 g.) was heated 
with sodium ethoxide, prepared from sodium (16 g.) and alcohol (200 c.c.), in eight sealed tubes 
at 180° for 6 hours. The product was distilled, b. p. 180—185°/0-5 mm. (9-4 g.). 1:2:3:4 
Tetvamethyl-5 : 6 : 7 : 8-tetrahydroanthracene separated from alcohol in colourless needles, with a 
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violet fluorescence, m. p. 127-5—128° (Found: C, 90-5; H, 9-3. C,sH,, requires C, 90-7; 
H, 9:3%). The tetrahydro-compound (3-7 g.) was heated with platinum at 320—330° for 6 
hours, the product distilled at 200—220°/0-4 mm., and the distillate crystallised from acetic 
acid. The crystals (2-3 g.) were converted into the picrate, which separated from acetic acid 
in almost black-chocolate needles, m. p. 165—166° (Found : C, 62-6; H, 5-2. C,,H,.,C,H,O,N, 
requires C, 62-2; H, 46%). Pure 1: 2:3: 4-tetramethylanthracene, regenerated from the 
picrate and sublimed at 100° in the vacuum of a mercury pump, separated from acetic acid in 
yellow needles, m. p. 135-5—136-5° (Found: C, 92-4; H, 7-8. (C,,H,, requires C, 92-3; H, 
7-7%). The hydrocarbon (0-2 g.) and maleic anhydride (0-2 g.) were boiled in xylene (10 c.c.) 
for 2 hours, and the xylene removed with steam. The residue was boiled with concentrated 
potassium hydroxide solution, which was then diluted with water and filtered. The filtrate 
was acidified, and the acid collected and dried (0-25 g.). When crystallised from xylene, it 
underwent dehydration to the anhydride, which separated in fine.colourless plates of no definite 
m. p. and slowly decomposed when heated to 270—290° (Found: C, 79-4; H, 6-25. C,,H,,O, 
requires C, 79-5; H, 6-1%). The adduct was sublimed at 300°/5 mm., and the oily sublimate 
extracted with boiling potassium hydroxide solution. The insoluble part was recrystallised 
from acetic acid and had m. p. 130—131°, not depressed by the tetramethylanthracene. 

1:2:3: 4-Tetramethylanthraquinone.—The hydrocarbon (0-5 g.) was boiled in acetic acid 
(15 c.c.) with sodium dichromate (1 g.) for 4 hour. On cooling, the quinone separated in yellow 
needles, m. p. 232—233° after recrystallisation from acetic acid (Found: C, 81-4; H, 6-2. 
C,,H,,O, requires C, 81-75; H, 6-1%). The quinone gave a deep red vat when its solution 
in dioxan was boiled with zinc dust and sodium hydroxide solution, but no vat was obtained 
in the absence of a solvent. The quinone was recovered unchanged after boiling with 
o-phenylenediamine in acetic acid solution, and both behaviours indicate that the compound 
must be a p-quinone. 


The author wishes to thank the British Empire Cancer Campaign for a grant to the Hospital, 
which has supported this work. 
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61. Polycyclic Aromatic Hydrocarbons. Part XXIII. 
By J. W. Cook and (Mrs.) A. M. Rosinson. 


The 5-methyl, 5-ethyl, 5-n-propyl, and 5-isopropyl derivatives of 1: 2-benz- 
anthracene have carcinogenic properties and it seemed of interest to determine to 
what extent the length of the carbon chain could be increased without loss of activity. 


THE 5-n-butyl, 5-n-amyl, 5-n-hexyl, and 5-n-heptyl derivatives of 1 : 2-benzanthracene have 
been prepared by the action of alkylmagnesium bromides on 5-keto-5 : 6 : 7 : 8-tetrahydro- 
1 : 2-benzanthracene, followed by dehydration of the tertiary carbinols to 5-alkyl-7 : 8- 
dihydrobenzanthracenes, which were subsequently dehydrogenated to the completely 
aromatic state. These new homologues of 1 : 2-benzanthracene are undergoing biological 
test. Preliminary results of tests by Professor E. L. Kennaway suggest that there is a 
steady decline in carcinogenic activity with increasing length of chain. In experiments 
in which the hydrocarbons in dilute benzene solution were applied to the skin of mice 
the 5-n-butyl compound has given three malignant tumours after 347 days, the 5-n-amyl 
compound has given two malignant tumours after 294 days, whereas the 5-n-hexyl and 
the 5-n-heptyl compound have not yet given malignant tumours after 262 and 294 days, 
respectively. 

In the case of the hexyl and the heptyl compound dehydrogenation of the dihydro- 
derivatives gave by-products in addition to the alkylbenzanthracenes. The pure by- 
product was isolated from the heptyl compound (I). Its high carbon content showed that 
- the intact side chain was no longer present and a possible formulation is (II). This struc- 
ture accords with the analytical values for carbon and hydrogen and, as it is a benz- 
anthrene type of structure, it would account for the relative instability of the compound, 
which became discoloured on heating to 80° or on keeping for some weeks. The ultra- 
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violet absorption spectrum, examined by Dr. E. Roe, showed that the compound was 
not a simple derivative of 1 : 2-benzanthracene or of chrysene. 
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EXPERIMENTAL. 


Grignard Condensations——Finely powdered 5-keto-5:6: 7: 8-tetrahydro-1 : 2-benz- 
anthracene (Haworth and Mavin, J., 1933, 1012) (0-1 g.-mol.) was added to an ice-cold Grignard 
solution prepared from the appropriate alkyl bromide (0-11 g.-mol.) in ether (100 c.c.) and 
benzene (165 c.c.). The suspension was kept at room temperature for 18 hours and then 
decomposed with ice and ammonium chloride. 

5-Alkyl-7 : 8-dihydro-1 : 2-benzanthracenes.—The crude tertiary carbinol was obtained by 
evaporation of the benzene-ether solution and was dehydrated by an hour’s boiling with picric 
acid (25 g.) in alcohol (165 c.c.). The picrate of the hydrocarbon separated on cooling; it was 
freed from picric acid, and the hydrocarbon purified by distillation at 0-2—0-4 mm., followed 
by crystallisations from methyl or ethyl alcohol. 

5-Alkyl-1 : 2-benzanthracenes.—Dehydrogenation of the dihydro-compound was effected 
by heating with platinum-black at 300—310° for 24 hours, the product being purified through 
its picrate, distilled in a vacuum, and then recrystallised from alcohol. 

The following table gives the m. p.’s and analytical figures of the individual compounds : 














Derivative of 1 : 2-benzanthracene. 
5-Ethyl-7 : 8-dihydro-, CosH,, 
5-n-Butyl-7 : 8-dihydro-, 
5-n-Butyl-, 
5-n-Amyl-7 : — Cui 
5-n-Amyl-, 
5-n-Hexyl- 
5-n-Hexyl-, 
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e fae en in these two cases was better made by the s-trinitrobenzene com: es y which gave more satisfactory analyses 
than the picrate. The trinitrobenzene complex of 5-n-amyl-1 ; 2-benzanthracene crys ee low needles (from alcohol), 
ry am 112—113° (Found: C, 68°2; H,4°9. C,sH,s,C,H,O,N; requires C, 68-1; Ha 49%). e complex of 5-n-hexyl- 


G eeon or oa formed vermilion prisms (from alcohol), m. p. 116—117° (Found : om Fe 7; oe re 2. CagHog,CgH,O,N, requires 
° 


Hydrocarbon obtained as a By-product in the Dehydrogenation of 5-n-Heptyl-7 : 8-dihydro- 
1 : 2-benzanthracene (I).—The crude dehydrogenation product gave a small amount of material 
which was considerably less soluble in:alcohol than the main fraction. This material, m. p. 
115—116°, was treated in alcoholic solution with s-trinitrobenzene, and gave a complex which, 
after recrystallisation from benzene, formed orange needles, m. p. 159—160°. The trinitro- 
benzene was removed from this by reduction with stannous chloride in aqueous alcoholic 
solution, and the regenerated hydrocarbon was sublimed in a high vacuum and rec 
from alcohol. This hydrocarbon (possibly II) formed colourless leaflets, m. p. 116-5—117-5° 
(Found: C, 94-0; H, 5-8. C,,H,, requires C, 94-3; H, 5-7%). It dissolved in concentrated 
sulphuric acid, with a reddish-brown coloration. 


We thank the International Cancer Research Foundation for a grant which has enabled one 


of us (A. M. R.) to carry out these experiments, and also the British Empire Cancer Campaign 
for a grant which has supported the work. 
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62. Some Substitution Products of Thiopheno-2’ : 3'-3 : 2-thiophen. 
By FREDERICK CHALLENGER and GEOFFREY M. GIBSON. 


The solid isomer of thiophthen gives a monochloromercuri-derivative, convertible 
by acetyl and propionyl chlorides into thiophthienyl methyl and ethyl ketones 
identical with those obtained from thiophthen and the acid chlorides with stannic 
chloride as catalyst. These ketones are oxidised to a thiophthencarboxylic acid (charac- 
terised as the methyl and the p-nitrobenzyl ester and as the anilide) identical with 
that obtained by heating thiophthen with ethylmagnesium bromide and treating the 
product with carbon dioxide. With an excess of the Grignard reagent, a thiophthendi- 
carboxylic acid is obtained. Thiophen gives thiophen-2-carboxylic acid with ethyl- 
magnesium bromide. 


It was shown by Challenger and Harrison (J. Inst. Pet. Tech., 1935, 21, 135) that the 
distillate obtained by passing acetylene over boiling sulphur yields a fraction, b. p. 90— 
120°/15 mm., which gives a picrate, m. p. 139—141°. On decomposition with sodium 
carbonate an oil is obtained consisting of two isomeric thiophthens. On freezing, it 
deposits a solid which when purified melts at 54° and by X-ray analysis and its zero dipole 
moment was identified as thiopheno-2’ : 3’-3 : 2-thiophen (I). The liquid portion of the 
oil when purified through the styphnate is probably identical with the liquid thiophthen 
obtained by Biedermann and Jacobson (Ber., 1886, 19, 2444) by heating citric acid with 
phosphorus trisulphide. This is probably thiopheno-2’ : 3’-2 : 3-thiophen (II), although 
the structure (ITI) is not excluded. 


oe 


For convenience, unless otherwise stated, the terms “‘ thiophthen ” and “ thiophthienyl a 
as used in this communication will refer solely to the solid isomer (I). 

Three isomeric selenophthens have been prepared by Umezawa ef al. (Bull. Chem. 
Soc. Japan, 1939, 14, 310, 318, 363). 

Thiophthen with or without sodium acetate is readily converted by mercuric chloride 
into a mixture of mercury derivatives, from which a monochloromercuri-compound may be 
isolated. This with propionyl chloride gives thiophthienyl ethyl ketone identical with, 
and giving the same 2 : 4-dinitrophenylhydrazone as a specimen prepared from thiophthen, 
propionyl chloride and stannic chloride. 

Acetyl chloride also eliminates the chloromercuri-group, giving thiophthienyl methyl 
ketone (Challenger and Harrison, loc. cit., p. 152). This was converted into the phenyl- 
hydrazone and the 2: 4-dinitrophenylhydrazone, which were found to be identical with 
authentic specimens. There is no evidence in favour of an abnormal course of the replace- 
ment of HgCl by R:CO. 

Thiophthienyl methyl and ethyl ketones on oxidation with sodium hydroxide and 
iodine and with potassium ferricyanide respectively give the same thiophthencarboxylic 
acid. The former is an excellent agent for this purpose; the latter is somewhat incon- 
venient owing to the bulk of liquid employed. Potassium permanganate tends to cause 
complete oxidation, and potassium hypobromite was shown by Challenger and Harrison 
(loc. cit., p. 140) to produce brominated carboxylic acids when applied to the oxidation of 
the methyl ketone of the liquid isomer of thiophthen. ° 

The carboxylic acid obtained by the interaction of thiophthen and ethylmagnesium 
bromide (compare Challenger and Miller, J., 1938, 894) and treatment of the product with 
carbon dioxide is identical with the acid obtained by oxidation of the ketones. This was 
confirmed by preparation of the methyl and the p-nitrobenzyl ester from both specimens. 

The replacement of HgCl by R-CO being assumed to proceed normally, it follows that 
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the direct introduction of HgCl, CH;-CO, C,H,-CO, and MgBr into the thiophthen nucleus 
occurs in the same position. 

The case of thionaphthen is different. Introduction of Br, NO,, CH,°CO, and AcO-Hg, 
takes place in position 2, whereas substitution by Na or by MgBr occurs in position 1] 
(see Challenger and Miller, J., 1939, 1006, for references). The exclusive o-substitution 
observed by these authors (J., 1938, 894) when R-MgBr reacts with anisole and phenetole 
has an interesting analogy in the conversion of #-bromoanisole into 5-bromo-2-methoxy- 
phenyl-lithium by #-anisyl-lithium. This was converted by carbon dioxide into 5-bromo- 
2-methoxybenzoic acid (Gilman and Jacoby, J. Org. Chem., 1938, 8, 108). Further 
evidence of the reactivity of the o-position in anisole towards organo-metallic derivatives 
is furnished by Wittig, Pockels, and Drége (Ber., 1938, 71, 1903), who showed that, when 
phenyl-lithium reacts with anisole, #-bromoanisole, or resorcinol dimethyl ether, lithium 
enters the o-position to the methoxy-group (see also Miiller and Tépel, Ber., 1939, 72, 276). 

The interaction of ethylmagnesium bromide with thiophen gave thiophen-2-carboxylic 
acid. Careful fractionation failed to detect any of the 3-isomer. Schorigin (Ber., 1910, 
48, 1938) also obtained thiophen-2-carboxylic acid by heating diethylmercury and thiophen 
with sodium and treating the product with carbon dioxide. 


EXPERIMENTAL. 


Thiophthienyl Ethyl Ketone.—A solution of thiophthen (4 g.) and propionyl chloride (5 g.) 
in carbon disulphide (50 c.c.) was slowly added to stannic chloride (25 g.) in 50 c.c. of the same 
solvent (calcium chloride tube). During 4 hours a dark tar gradually separated. The whole 
was then poured into ice-water and warmed till the tar was replaced by a greenish-blue solid. 
The red carbon disulphide layer was evaporated, leaving an oil which quickly solidified. This 
together with the solid was distilled in steam, giving a white volatile ketone, m. p. 90—94°, 
and 92—92-5° after two recrystallisations from aqueous alcohol; yield, 4-9 g. (88%). Ina 
second experiment lasting only 2 hours the yield was 81% (Found: C, 55-0; H, 4:2; S, 32-8. 
C,H,OS, requires C, 55-1; H, 4-1; S, 32-65%). 

The 2: 4-dinitrophenylhydrazone was prepared in alcohol containing a little hydrochloric 
acid. The red solid was washed with alcohol, boiled with ethyl acetate, and recrystallised 
from alcohol—chloroform; m. p. 251—252° (Found: N, 14-9; S, 17-05. Cj ,H,,0,N,S, requires 
N, 14-9; S. 17-1%). 

Mercuration of Thiophthen.—Thiophthen (5 g.), sodium acetate (5 g.), mercuric chloride 
(10 g.), and 70% aqueous alcohol (75 c.c.) were shaken overnight, the mixture diluted with water 
(75 c.c.), and the solid separated. This was washed with water and ether and boiled for 3 hours 
with acetone—benzene (250 c.c.). The process was repeated several times. The extracts 
deposited white crystals of monochloromercurithiophthen in about 20% yield. The same product 
was formed, but more slowly, when sodium acetate was omitted (Found, for a specimen thus 
obtained : Hg, 53-4. C,H,CIS,Hg requires Hg, 53-5%). 

The portion insoluble in acetone—benzene or in toluene consisted of a mixture of the mono- 
and the di-chloromercuri-derivative and was not purified. 

Propionyl Chloride and Chlovomercurithiophthen.—A thin paste of the mercury compound 
(1-15 g.) and propiony] chloride was left overnight in a closed flask; a vivid blue colour slowly 
developed. The mixture was poured on ice, neutralised with sodium hydroxide, and distilled 
in steam. Extraction of the distillate with benzene yielded a red solid, which was extracted 
with light petroleum and recrystallised from alcohol (charcoal). The colourless needles obtained 
had m, p. 91-6—92°, and 92—92-5° when mixed with authentic thiophthienyl ethyl ketone 
(m. p. 92—92-5°). Neither the alcoholic mother-liquors nor the light petroleum extract 
contained any thiophthen, the picrate test being negative (Found: C, 54-8; H, 4-2; S, 32-6. 
Calc.: C, 55-1; H, 4:1; S, 32-65%). The 2: 4-dinitrophenylhydrazone melted at 251—252° 
alone and when mixed with an authentic specimen of the same m. p. 

Acetyl Chloride and Chloromercurithiophthen.—The mercury compound (2-27 g.) was made 
into a paste with acetyl chloride; a purple colour gradually developed. After 30 minutes, the 
mixture was poured onice. The greenish precipitate was extracted with alcohol, which removed 
a crude ketone. This after distillation in steam and recrystallisation from alcohol melted at 
124-5—-125° alone and in admixture with authentic thiophthienyl methyl ketone, m. p. 125° 
(Challenger and Harrison, loc. cit., p. 152). The mother-liquors on distillation yielded a little 
thiophthen, identified as picrate, m. p. 145° (Challenger and Harrison, loc. cit., p. 189)—-see 
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below. The dinitrophenylhydrazone of the ketone had m. p. and mixed m. p. 272° with an 
authentic specimen of the same m. p. (C. and H., loc. cit., p. 139, give m. p. 267°, but this figure 
is low). This derivative is not easily purified when prepared in sulphuric acid solution. A 
much cleaner product is obtained by using aqueous 2 : 4-dinitrophenylhydrazine hydrochloride 
and recrystallising the substance from ethyl acetate. The phenylhydrazone had m. p. 163-5— 
164°, and 164° in admixture with an authentic specimen, m. p. 165-5—166°, prepared in 50% 
acetic acid and recrystallised three times from alcohol (Found: N, 10-65; S, 23-0. C,H N,S, 
requires N, 10-3; S, 23-55%). 

The formation ‘of thiophthen during the replacement of the chloromercuri-group by acetyl 
was probably due to the action of hydrochloric acid (produced from the excess of acetyl chloride 
on pouring into water) on the mercurichloride. When the reaction was carried out as before, 
and the mixture poured into excess of ice and 2N-sodium hydroxide, the formation of thiophthen 
was greatly diminished but not entirely suppressed. When hydrogen chloride was passed into 
a benzene suspension of chloromercurithiophthen for some hours, thiophthen and inorganic 
mercury were easily recognised. The small amount of thiophthen formed in presence of alkali 
may therefore have arisen from traces of hydrogen chloride present in the acetyl chloride or 
formed in a side reaction. No thiophthen was produced in the analogous experiment with 
propionyl chloride (see above). 

Thiophthencarboxylic Acid (K).—(1) A solution of iodine (13-82 g.; 3-3 mols.) and potassium 
iodide (25 g.) in water (250 c.c.) was added drop by drop during 7 hours to a well-stirred sus- 
pension of thiophthienyl methyl ketone (3 g.) in approximately n-sodium hydroxide (150 c.c.). 
The mixture was shaken overnight, the iodoform and any unchanged ketone then extracted 
with ether, the aqueous solution acidified, and the liberated iodine reduced with sulphur dioxide. 
Extraction with ether yielded a pale yellow solid (2-9 g.; 97%), which crystallised from chloro- 
form in colourless needles of constant m. p. 220—220-5° (without blackening) (Found: C, 
45-2; H, 2-4; S, 34-5. C,H,O,S, requires C, 45-65; H, 2:2; S, 34-8%). When the acid was 
heated with soda-lime, thiophthen was evolved; it was characterised as the picrate, m. p. 145° 
(C. and H., Joc. cit., p. 139). When the period of interaction of the ketone and the hypoiodite 
was reduced to 1$ hours and 4 hours, the yields of acid were 30% and 46% respectively. In 
the first experiment only 3 mols. of iodine were employed. Oxidation of the ketone with 
alkaline potassium ferricyanide gave a crude acid, m. p. 217—-218°, which could not be purified 
by recrystallisation from water. The yield was 15%. 

(2) A mixture of potassium ferricyanide (100 g.), potassium hydroxide (30 g.), water (250 
c.c.), and thiophthienyl ethyl ketone (3 g.) was heated at 100° for 5 hours and left overnight. 
Unchanged ketone and potassium ferrocyanide were then separated, and the liquid acidified 
and extracted with ether, yielding a yellow solid (1-4 g.), m. p. 215—218° (decomp.), and 220— 
221° (decomp.) after four crystallisations from water (Found: C, 45-6; H, 2-5%). 

The methyl ester was prepared from the acid (0-5 g.) and ethereal diazomethane from 
nitrosomethylurethane (1 c.c,) and 25% methyl-alcoholic potassium hydroxide (1-4 c.c.). The 
solution was shaken with dilute aqueous sodium carbonate (0-08 g. of acid recovered), washed, 
dried, and evaporated, giving a solid (0-51 g.), which crystallised from alcohol in colourless 
needles, m. p. 96-5—97° (Found: C, 48-4; H, 3-0; S, 32-2. C,H,O,S, requires C, 48-5; H, 
3-0; S, 32-4%). The.same ester was obtained by means of methyl-alcoholic hydrogen chloride, 
but could not readily be purified and, moreover, was accompanied by a black solid which was 
probably a polymer. 

The p-nitrobenzyl ester was obtained by exactly neutralising the acid (0-5 g.) with alcoholic 
potassium hydroxide (thymolphthalein) and heating the concentrated solution for 2 hours 
with p-nitrobenzyl bromide (0-57 g.; 0-97 mol.) and alcohol (10 c.c.). Recrystallised from 
acetone, the ester (0-45 g.) had m. p. 151-5—152° (Found: C, 51-9; H, 2:8; N, 46; S, 20-3. 
C,,H,O,NS, requires C, 62-7; H, 2-8; N, 44; S, 20-1%). 

The acid (0-5 g.) and thionyl chloride were boiled for 20 minutes, and the mixture diluted 
with ether and slowly added to excess of ethereal aniline. The mixture was shaken with dilute 
hydrochloric acid and with water, dried, and evaporated. The residue of anilide after two 
crystallisations from alcohol had m. p. 172—174°, unchanged on further crystallisation from 
alcohol and from aqueous acetone (Found: C, 60-25; H, 3-6; N, 5-6; S, 244. C,,H,ONS, 
requires C, 60-2; H, 3-5; N, 5-4; S, 247%). 

Preparation of Thiophthencarboxylic Acid (G) by Means of the Grignard Reagent.—Thiophthen 
(5 g.) in dimethylaniline (60 c.c.; purified by Brand and Kranz’s method, J. pr. Chem:, 1927, 
115, 143) was added to ethylmagnesium bromide, prepared in nitrogen from 1-11 g. of magnesium 
and freed from the excess of ether and ethyl bromide. The mixture was kept at 160—170° 
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for 1 hour in nitrogen, cooled, and treated with carbon dioxide overnight; sodium carbonate 
solution was then added, and unchanged thiophthen (3-37 g.) removed in steam. The liquid 
was filtered, acidified, and extracted with ether, giving a brownish-yellow solid (0-85 g.; m. p. 
204—208° with blackening). Yield, about 12%. This was crystallised twice from carbon 
tetrachloride (m. p. then 216—217°) and from aqueous methyl alcohol (m. p. 219—220°) 
‘(blackening in both cases). Sublimation of a portion at 160°/13 mm. gave a whiter product 
of the same m. p. 

An exactly similar product was obtained in a yield of 14% by the use of purified diamyl 
ether as solvent. ; 

Since all these specimens of the acid blackened on melting and this was not observed with 
the acid (K) obtained.from the ketones, further purification of the acid (G) was not attempted, 
the bulk being converted into derivatives, which were identical with the corresponding deriv- 
atives of the acid (K). The methyl ester prepared by means of diazomethane and crystallised 
from alcohol had m. p 96—96-5° alone and in admixture with the methyl ester of the acid K 
(Found : C, 48-5; H, 3-4; S, 32-35%). The p-nitrobenzyl ester, crystallised from alcohol and 
then from acetone, melted at 150-5—151° alone and at 151—152° in admixture with the cor- 
responding derivative of the acid (K) (Found: C, 52-7; H, 3-0; S, 20-6%). 

Thiophthendicarboxylic Acid.—Thiophthen (5 g.) in purified dimethylaniline (60 c.c.) was 
added to ethylmagnesium bromide prepared in nitrogen from magnesium (1-74 g.; 2 atoms.) 
and freed from ethyl bromide and the excess of ether. The mixture was heated in nitrogen 
at 200° for 45 minutes, cooled, treated with carbon dioxide overnight, decomposed with aqueous 
sodium carbonate, and distilled in steam, 0-65 g. of thiophthen being recovered. The red 
alkaline liquid was filtered, concentrated (charcoal), and acidified. The gelatinous precipitate 
was separated and treated with sodium carbonate solution, and the alkaline extract acidified. 
The dark-coloured acid thus obtained was unmelted below 300°. Extraction with hot pyridine 
removed much colouring matter, leaving the pyridine salt of the acid. Solution in sodium 
carbonate and acidification gave a greenish precipitate, which on distillation with lime evolved a 
strong odour of thiophthen. 

This crude acid was treated with ethereal diazomethane, the solvent evaporated, and the 
residue crystallised from alcohol, giving short, pale yellow needles of the dimethyl ester, m. p. 
238-5—239-5° [Found: C, 46-6; H, 3-2; S, 25-1. C,H,S,(CO,Me), requires C, 46-85; H, 
3-15; S, 250%. C,HS,(CO,Me), requires C, 45-8; H, 3-2; S, 20-4%). 

Thiophen and Ethylmagnesium Bromide.—The Grignard solution was prepared from 3 g. 
of magnesium (1 atom.), volatile matter removed at 100°, and a solution of thiophen (10 c.c.) 
in purified dimethylaniline (120 c.c.) added. The mixture was heated at 160—170° for 1} 
hours, both operations being carried out in nitrogen. It was then cooled and treated with 
carbon dioxide for 1 hour. Sodium carbonate solution was added, dimethylaniline and un- 
changed thiophen removed in steam, the mixture acidified and extracted with ether, and the 
extract shaken with aqueous sodium bicarbonate. Acidification of the resulting sodium salt 
and extraction with ether yielded a buff-coloured solid (1-55 g.) and traces of propionic acid. 
The solid was boiled with alcohol (charcoal), giving a nearly colourless product, m. p. 123— 
125-5°, unchanged on repeated crystallisation from hot water. The acid was not pure, however, 
and was converted into the ethyl ester by the Fischer-Speier method. The crude product 
was shaken for 24 hours with concentrated aqueous ammonia (15 c.c.). The solid, m. p. 174— 
176°, was crystallised from chloroform to constant m. p. 176—177° (Found: N, 11-05. Calc. 
for C;H,ONS: N, 110%). The amide was hydrolysed with hot aqueous potassium hydroxide, 
the solution acidified and distilled in steam, and the volatile acid extracted with ether. After 
recrystallisation from water it had m. p. 125-5—126-5° (Found: C, 47-4; H, 3-55. Calc. for 
C;H,O,S : C, 46-85; H, 3-15%). 

Thiophen-2-carboxylic acid melts at 126-2° and the 3-isomer at 138-4° (Voerman, Rec. 
Trav. chim., 1907, 26, 297). The amide of thiophen-2-carboxylic acid is stated to melt at 174° 
by Meyer (Annalen, 1886, 236, 210), at 175° by Hantzsch (Ber., 1891, 24, 48), and at 180° by 
Nahnsen (Ber., 1884, 17, 2196). The amide of the 3-acid melts at 177—178° (Damsky, Ber., 
1886, 19, 3285). 

Repetition of this experiment with four times the above quantities, heating for 1} hours, 
and treating with carbon dioxide for 1 hour gave almost the same weight of crude acid (1-26 g.), 
m. p. 122—123°. This was repeatedly crystallised from light petroleum, the m. p. of successive 
fractions being 125—125-5°, 126-5—127°, 126-9°, 127-3°, 127-5°, 127-5°. The mother-liquors 
yielded further quantities of acid of m. p. 126-5—127° and 125°. Finally a trace of acid, m. p. 
119—121°, was left. 
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The 2- and the 3-carboxylic acid form mixed crystals which are almost inseparable (Voerman, 
loc. cit., p. 293). A mixture containing about 70% of the 3-acid has a setting point about 
126°, but it is improbable that such a large quantity of a 3-substitution product would be ob- 
tained from thiophen, which, so far as is known, invariably undergoes substitution in position 2. 
The 2-carboxylic acid would therefore appear to be exclusively formed in this reaction. 


The uthors thank the Institute of Petroleum and Imperial Chemical Industries for grants 
and the Department of Scientific and Industrial Research for a maintenance allowance to 
G.M.G. Dr.H. B. Gibson rendered valuable assistance in the preliminary stages of the research. 
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63. The Active Principles of Leguminous Fish-poison Plants. 
Part IV. The Isolation of Malaccol from Derris malaccensis. 


By STANLEY H. HARPER. 


An optically active phenol, malaccol, isolated from an ethereal extract of the root 
of Derris malaccensis (Kinta type), is shown to have the formula C,,H,,0,. From a 
study of its reactions and by comparison of these with the reactions of sumatrol and 


of elliptone, structure (II, R = OH), i.e., 15-hydroxyelliptone, is suggested for 
malaccol. 


In Part I (J., 1939, 812) the isolation of /-«-toxicarol from Derris malaccensis (Kinta type) 
root was described. During the ether extraction a gelatinous precipitate had separated, 
which was filtered off before the solution was concentrated to obtain the crystalline toxi- 
carol. This gelatinous precipitate (1-5%, calc. on the root) has now been examined in 
detail. No crystalline solid was deposited on standing in ether, but on warming a solu- 
tion in acetone separation of bright yellow crystals commenced which was completed by 
refluxing. It follows that in the root this substance is present in some stabilised non- 
crystalline form, either as a colloid or in some form of combination, broken down by the 
solvent. This substance, though sparingly soluble in most solvents, was readily purified 
by crystallisation from benzene or ethyl acetate and obtained as bright yellow prisms or 
needles, m. p. 225°, solidifying to star-shaped clusters of needles and remelting at 244° 
(this was at first thought to be due to dimorphism; see, however, p. 311), [«]}* + 190° in 
chloroform and + 67° in benzene. Recently Meyer and Koolhaas (Rec. Trav. chim., 
1939, 58, 207) have described a greenish-yellow crystalline substance, m. p. 244°, [«], 
+ 107° in benzene, isolated from Sumatra type Derris root. Although the differences 
of physical constants are considerable, examination of a specimen kindly sent by Dr. 
Meyer revealed that his substance, to which he has given the name malaccol, also had a 
second melting point at 225°, and their identity was shown by non-depression of melting 
point on admixture. These properties clearly distinguish this substance from the known 
constituents of Derris root and the name malaccol has therefore been adopted. Owing 
to the very sparing solubility (ca. 0-3% at 20°) no great weight is attached to the numerical 
values of the specific-rotations in benzene, although qualitatively these are in agreement. 
Malaccol gives a positive Durham test and a strong ferric chloride colour suggesting 
a close relationship with toxicarol and sumatrol. The analytical results obtained for 
malaccol, together with those of derivatives discussed subsequently, clearly establish 
the formula C,,H,,0,, as suggested by Meyer and Koolhaas. This formula bears the same 
relationship to that of elliptone (Cyy)H,,0,) as does the formula of sumatrol (C,,H,,0,) to 
that of rotenone (C,,H,,0,), and malaccol is thus isomeric with elliptolone (J., 1939, 1424). 
The positive Durham test given by malaccol indicates that rings A, B, and C are the same 
as in rotenone (I, R= H). This, with the fact that there are two methoxyl groups and 
a keto-group, accounts for five of the seven oxygen atoms; the remaining two are therefore 
probably attached to ring D. The presence of an active carbonyl group, established by 
the formation of an oxime, in conjunction with the strong ferric chloride reaction, indicates 
that there is a phenolic hydroxyl group in the o-position to the carbonyl group; in agree- 
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ment with this conclusion it has been observed that malaccol, like sumatrol, is almost 
insoluble in aqueous potassium hydroxide. Acetylation gives rise to a product, which 
has not yet been obtained pure, giving a negative ferric chloride reaction; it is therefore 
probably a mixture of the monoacetate and the diacetate derived from the enolic form. 


That ring D is a phloroglucinol residue is shown by the close similarity of the ferric 
chloride colours given by malaccol and its dehydro- and tetrahydro-derivatives with those 
of the corresponding derivatives of sumatrol (Robertson and Rusby, J., 1937, 497), in 
which the presence of a phloroglucinol residue has recently been confirmed by synthesis 
(Kenny, Robertson, and George, J., 1939, 1601). The remaining oxygen is therefore 
attached to ring D in position 17. By analogy with elliptone (II, R = H) (for a proof 
of its structure, see J., 1939, 1424) and in conformity with the formula C,)H,,0,, this 
oxygen atom will form part of a furan ring. Malaccol therefore possesses either structure 
(II, R = OH), 1.e., 15-hydroxyelliptone, or the linear structure (III). Inasmuch as the 
other members of this group have been shown to possess the angular structure, excepting 
sumatrol, for which the evidence is inconclusive, formula (II, R = OH) is preferred to 
(III), Further experiments, now described, support this formulation, but do not dis- 
tinguish between the angular and the linear formula. 


On the basis of either formula catalytic hydrogenation should lead to the taking up 
of four atoms of hydrogen with the fission of ring E to give the dihydric phenol (IV). 
Hydrogenation over Adams’s catalyst in ethyl acetate confirmed this view, approximately 
four atoms being taken up. Absorption was slow, which is in accord with the furan 
structure for ring E (cf. the reduction of elliptone; J., 1939, 1099). The product, éetra- 
hydromalaccol, was separated from unchanged malaccol by its ready solubility in 2% 
aqueous potassium hydroxide. The presence of an additional phenolic group was shown 
by the formation of a triacetate with acetic anhydride, giving a negative ferric chloride 
reaction. : 

Treatment of malaccol with sodium acetate in boiling alcohol, a process which is known 
only to racemise C,—C, (Cahn, Phipers, and Boam, J., 1938, 513), yielded inactive dl- 
malaccol, m, p. 244°. C,—C, are thus the only asymmetric centres in the molecule. 

Malaccol differs from the other members of this group in giving a positive rotation 
in benzene solution. The other members all give a negative rotation and it has been 
customary to assign them a levo-configuration (cf. Cahn, Phipers, and Boam, Joc. cit.). 
It would be strange, therefore, if malaccol, occurring along with toxicarol, sumatrol, 
rotenone, and deguelin (?) in this root, were to have the opposite configuration as suggested 
by the sign of the rotation in benzene solution. A study of the value$ of these rotations 
(Table I), however, discloses that the introduction of a phenolic hydroxyl in position 15 
in each case gives a positive increment to the specific rotation, Malaccol fits in the series 
as 15-hydroxyelliptone and it would appear probable that these substances all belong to 
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the same stereochemical series, which for convenience can be designated the /-series. 


Hence optically active malaccol will be designated /-malaccol where necessary to distinguish 
it from the racemic compound. 


TABLE I. 


[a]p in benzene, 

Rotenone (I, R = H)? .........ssseeeee. — 225° Sumatrol (I, R = OH) ¢.................. — 184° 
Deguelin (V, R = H) ?  ..........see0000. — 101 Toxicarol iV: R = OB) © .......0..0000. — 66 
Elliptone (II, R = H)® ..........c0e0008 — 18 Malaccol (II, R = OH) ........0eceeeeees + 67 

1 Jones and Smith, J. Amer. Chem. Soc., 1930, 52, 2554. 

2 Haller and LaForge, ibid., 1934, 56, 2415. This value is for a ‘‘ deguelin concentrate’’; the 
author in unpublished work has obtained a similar figure. 

* Harper, J., 1939, 1099. 

* Robertson and Rusby, Joc. cit. 

5 Harper, J., 1939, 812. 


The identity of the second melting point of /-malaccol (244°) with that of d/-malaccol 
suggested that the double melting point was in reality due to racemisation in the fused 
state and not due to dimorphism. On maintaining /-malaccol just above the lower melting 
point (226°) a rapid loss of optical activity was observed, [«], falling from + 190° to + 10° 
(chloroform) in 2 minutes. Admixture of this resolidified material with d/-malaccol led 
to no depression of melting point of the latter, confirming that racemisation occurs on 
fusion and the double melting point is due to this cause. A similar instability of the 
optically active form was observed in the vapour phase. /-Malaccol readily sublimed at 
195° in a high vacuum, but the product was pale yellow and 75% racemised. Resublim- 
ation of this material sufficed to give optically inactive d/-malaccol, m. p. 249°, unchanged 
by crystallisation from chloroform-ethyl alcohol. The difference of melting point of dJ- 
malaccol prepared by alcoholic sodium acetate and by sublimation (there was no depression 
on admixture) recalls that of dl-elliptone (176°) prepared by alcoholic sodium acetate and 
that of Buckley’s substance (181°) (J., 1939, 1099); as yet no explanation can be offered 
for these differences. 

l- and dl-Malaccol, on refluxing in alcoholic sodium acetate, were oxidised by iodine 
to a soluble iodo-compound, obtained by precipitation of the reaction mixture with water. 
Removal of iodine by means of zinc dust and acetic acid gave in both cases dehydro- 
malaccol (Cyg5H,,0,), m. p. 257°. As with the dehydro-compounds from sumatrol and 
toxicarol, the ham test was negative. When racemising /-malaccol with alcoholic 
sodium acetate it had been noticed that there was an induction period of several minutes 
before dl-malaccol started to separate. When oxidation with iodine was carried out 
during this period, the reaction took a different course. A bright yellow iodo-compound 
was precipitated, which on treatment with zinc dust and acetic acid gave, as did the 
material obtained by pouring the alcoholic mother-liquor into water, a yellow crystalline 
substance, m, p. 257°. This, however, was not the dehydro-compound obtained above, 
as a mixture gave a marked depression of m. p. Acetylation with acetic anhydride in 
pyridine gave a monoacetyl derivative, m. p. 227°. Analyses of these do not distinguish 
between the formule C,,H,,0, and C,5H,,0, for the parent substance. If the former is 
correct, the additional oxygen atom may be in the form of a bridge between C, and Cg, as 
acetylation indicates but one hydroxyl group and the substance gives a negative Durham 
test.. This would be in accord with the known substitution of iodine atoms on these carbon 
atoms in this reaction. If, however, the substance has the second formula, it would be a 
dehydro-compound isomeric with that obtained above. An explanation of this possible isom- 
erism can be found in the work of Cahn, Phipers, and Boam (loc. cit.) on the interconversion 
of a- and @-toxicarol. They showed that racemisation of /-toxicarol by alkali took place 
through the intermediate open-chain phenol (VIb), which is the precursor of both d/-a- 
(VIa) and dl-f-toxicarol (VIc) by rotation around the single linkage C,,—C,,. Both «- and 
8-toxicarol give distinct but isomeric dehydro-compounds by elimination of the hydrogen 
atoms attached to C, and Cs, By analogy substances with the angular (II, R = OH) 
and the linear formula (III) should be interconvertible in the presence of alkali. Cahn, 
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Phipers, and Boam found that alcoholic sodium acetate gave «-toxicarol, and potassium 
carbonate in acetone preferentially $-toxicarol. /-Malaccol, however, gave the same dl- 
compound by both these methods, and no second substance could be isolated. If 
dehydromalaccol and this second oxidation product are isomeric, d/-malaccol will have 
the opposite configuration to /-malaccol, 1.e., if -malaccol is (II, R = OH), di-malaccol 
will be (III) (or vice versa). Dehydromalaccol will then be derived from d/-malaccol by 
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removal of the hydrogen atoms attached to C;—Cg, and this second oxidation product will 
similarly correspond to /-malaccol. To the author the facts that only one d/-compound 
can be isolated and particularly that it is formed in the absence of alkali (7.c., by fusion 
and sublimation), when it is unlikely that racemisation proceeds through the open-chain 
mechanism, suggest that both /- and d/-malaccol have the same configuration (preferably 
II, R = OH) and that the second oxidation product has the formula C,)H,,0,. 


EXPERIMENTAL. 


Microanalyses are by Drs. Weiler and Strauss, Oxford. Acetyl determinations were un- 
satisfactory, so reliance is placed instead on methoxyl content. These determinations are by 
the author, using Clark’s semimicro-method (J. Assoc. Off. Agric. Chem., 1932, 15, 136). 
Melting points, as in previous papers of this series, were observed in Mason’s apparatus 
(Chem. and Ind., 1925, 577) and are uncorrected. 

The finely ground air-dried root (1000 g.) of Derris malaccensis (Kinta type) as used in 
Part I (loc. cit.) was extracted to completion with ether in a large Soxhlet apparatus. The 
extract (1-5 1.), on cooling, deposited a gelatinous precipitate (A), which, after standing 
overnight, was filtered off, washed with ether, and air-dried (15 g.). The ethereal filtrate on 
concentration and refrigeration rapidly deposited hard crystalline masses of crude /-«-toxicarol, 
but was not further examined. Precipitate A was completely soluble in acetone (100 c.c.) in 
the cold, but on warming, the separation of yellow crystals commenced, which was completed 
by refluxing for 30 minutes. The liquid was filtered hot, to give nearly pure malaccol (1-01 g.; 
i.e., 01%, calc. on the root). On keeping, the filtrate slowly deposited crude sumatrol. 


Final purification was effected by crystallisation from chloroform-ethyl alcohol, ethyl acetate, . 


or benzene, from which malaccol separated as bright yellow, irregular prisms or needles, m. p. 
225°, solidifying to star-shaped clusters of needles and remelting at 244°.” [aJi® + 190° in 
chloroform (c = 1-02); malaccol was not soluble at this concentration in benzene or acetone 
(cf. Meyer and Koolhaas, Joc. cit.). The mother-liquor from a benzene crystallisation (by 
evaporation: 30 mg./10 c.c.) gave [«]) + 67° (c = 0-3), but this can only be approximate 
[Found : (ex benzene) C, 65-4; H, 4:6; (ex chloroform-—ethyl alcohol) C, 65:3; H, 4-6; OMe, 
16-9. Cy H,,0, requires C, 65-2; H, 4:4; 20Me, 16-9%]. An attempt to determine the 
molecular weight by the Rast method was unsuccessful. In the Durham test malaccol gave 
an intense blue colour changing to green and with alcoholic ferric chloride a green colour. In 
the Goodhue test (J. Assoc. Off. Agric. Chem., 1936, 19, 118) it gave only a pale red colour at 
1 mg./c.c., which was.nearly the limit of solubility. It was insoluble in 2% aqueous potassium 
hydroxide. 

. Malaccol (100 mg.) and hydroxylamine hydrochloride (100 mg.) were heated at 100° for 6 
hours in pyridine (3 c.c.). On dilution with water the oxime (62 mg.) separated in needles. 
Recrystallised from methyl alcohol, it formed feathery needles, decomp. 240° (Found: N, 
4:0. C, H,,0,N requires N, 3-7%). 

Attempts to acetylate malaccol were unsuccessful: (a) Malaccol (100 mg.) and acetic 
anhydride (0-1 c.c.) in pyridine (2 c.c.) were kept at room temperature for 2 hours. Dilution 
with water gave a gum, which, after 24 hours, during which the excess of acetic anhydride 
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decomposed, was dissolved in alcohol and reprecipitated with water. This solid gave no 
colour with ferric chloride, but could not be obtained crystalline. (b) Malaccol (200 mg.) 
and sodium acetate (50 mg.) were refluxed for 30 minutes in acetic anhydride (1 c.c.), and the 
mixture poured into water and kept overnight. The gum, on standing in alcohol, slowly 
deposited a small crop of colourless prisms, m. p. 225—-235° (decomp.). It gave no colour 
with ferric chloride and was probably the diacetate, but there was insufficient for further 
purification. 

Tetrahydromalaccol.—Malaccol (500 mg.) in ethyl acetate suspension (100 c.c.) was reduced 
catalytically in the presence of Adams’s catalyst (100 mg.). Absorption was complete in 18 
hours, the malaccol having gone into solution and a volume (63 c.c. at N.T.P.) corresponding 
to 4 atoms of hydrogen (62 c.c.) being taken up. The filtered solution was concentrated to 
small bulk, diluted with ether, and extracted with 2% potassium hydroxide solution. The 
ethereal layer on evaporation gave a trace of unreduced malaccol. The alkaline layer was 
acidified; the precipitated phenol (485 mg.) crystallised from a small volume of ethyl alcohol 
to give tetrahydromalaccol in colourless needles, m.p. 222°, giving a brownish-green colour with 
ferric chloride (Found: C, 64-4; H, 5-3; OMe, 16-7. C,.H,,O, requires C, 64-5; H, 5-4; 
OMe, 167%). Acetylation with sodium acetate—acetic anhydride gave a small yield of the 
triacetyl derivative, which crystallised from alcohol in fern-like clusters, m. p. 195°, and gave 
no colour with ferric chloride [Found : OMe, 12-8. CC, gH,,O,(CO’CH,), requires OMe, 12-5%]. 

dl-Malaccol.—(a) A suspension of malaccol (250 mg.) and sodium acetate (500 mg.) was 
refluxed in alcohol (50 c.c.), partial solution taking place. After 10 minutes a sudden 
precipitation of pale yellow needles occurred; after a further 2 hours’ refluxing, these were 
filtered off. Crystallisation from chloroform-ethyl alcohol (1 : 3) gave dl-malaccol in very pale 
yellow needles, m. p. 244°, [a]p + 0° in chloroform (Found: C, 64:3; H, 44; OMe, 16-9. 
CypH,,.O, requires C, 65-2; H, 4:4; OMe, 16-9%); yield, variable, 150—200 mg. In the 
Durham test dl-malaccol gave an intense green colour and in the Goodhue test at 1 mg./c.c. 
(the limit of solubility) a pale red of approximately the same intensity as that given by 
l-malaccol. With alcoholic ferric chloride it gave a blue-green colour. 

(b) A suspension of malaccol (250 mg.) and potassium carbonate (500 mg.) was refluxed in 
“ AnalaR ”’ acetone (10 c.c.). After 2 hours the suspension was poured into water and 
acidified ; the precipitate crystallised from chloroform-ethyl alcohol (1 : 3) to give dl-malaccol, 
m. p. 249°, [a]p + 0° in chloroform (Found : C, 64-9; H, 4:3%). There was no depression of 
m. p. on admixture with preparation (a) above. 

(c) By subliming twice at 195° in a high vacuum, malaccol was completely racemised. 
Crystallisation as above gave di-malaccol, m. p. 249°. There was no depression of m. p. on 
admixture with either of the above preparations. 

Oximation of dl-malaccol (100 mg.) as described above (p. 312) gave the oxime (70 mg.), 
decomposing at 270°, in needles insoluble in boiling methyl alcohol. It separated, however, 
from boiling butyl alcohol in microcrystalline plates containing solvent of crystallisation, 
decomposing at 260° (Found: N, 2:3. C,.H,,O,N,3C,H,°OH requires N, 2-3%). 

Dehydromalaccol.—(a) 1-Malaccol (250 mg.) and sodium acetate (500 mg.) were refluxed in 
alcohol (25 c.c.) until separation of dl-malaccol occurred. Iodine (500 mg.) in alcohol (10 c.c.) 
was then added gradually, and the resultant solution refluxed for 1 hour. The iodo-compound 
(350 mg.), obtained by pouring the solution into water, was reduced with zinc dust (250 mg.) 
in boiling acetic acid (5 c.c.). After 1-5 hours, when the iodo-compound had gone into 
solution, a further quantity of zinc dust (125 mg.) was added. After 2 hours the solution was 
filtered hot and cooled; the dehydromalaccol so obtained was recrystallised from chloroform— 
ethyl alcohol (1: 3) and obtained in bright yellow plates (90 mg.), m. p. 257° (Found: C, 
65-0; H, 3-7; OMe, 16-9. C,9H,,0, requires C, 65-6; H, 3-8; OMe, 16-9%), giving a 
negative Durham test and a green colour with ferric chloride. 

(b) dl-Malaccol (250 mg.), oxidised as in (a), gave the same dehydro-compound (105 mg.), 
a mixture showing no depression of m. p. 

Acetylation with acetic anhydride in pyridine was unsuccessful, only a small yield of 
impure material being obtained, which, however, gave a positive ferric chloride reaction. 

(c) A boiling suspension of /-malaccol (250 mg.) and sodium acetate (500 mg.) in alcohol 
(25 c.c.) was treated in the course of 10 minutes (i.¢., before racemisation had commenced) 
with iodine (500 mg.) in alcohol (10 c.c.). The zalaccol went into solution with deposition of 
a yellow iodo-compound (150 mg.). After 1 hour this was filtered off and reduced with zinc 
dust as described in (a) above. The substance (54 ing.) crystallised from chloroform-ethyl 
alcohol (1 : 3) in bright yellow plates, m. p. 257°. The original aicoholic filtrate, when poured 
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into water, gave a further quantity of material which on reduction gave the same substance. 
A mixed m. p. determination with dehydromalaccol from (a) above gave a depression to 230° 
(Found: C, 63-3, 63-4; H, 3-9, 34; OMe, 16-9, 17-0. C,9H,,O, requires C, 62-9; H, 3-7; 
OMe, 16-3. C,gH,,O, requires C, 65-6; H, 3-8; OMe, 169%). The substance gave a 
negative Durham test and a green colour with ferric chloride. It ‘was recovered unchanged 
after refluxing both with alcoholic sodium acetate and with alcoholic sulphuric acid for 8 
hours. 

Acetylation of this substance (100 mg.) with acetic anhydride (1 c.c.) in pyridine (0-5 c.c.) 
at 100° for 2 hours gave the monoacetyl derivative (88 mg.), which crystallised from chloro- 
form-ethyl alcohol (1 : 3) in brownish-yellow flakes, m. p. 227°, and gave no colour with ferric 
chloride [Found: C, 62-8; H, 40; OMe, 148. C,,H,O,(CO-CH,) requires C, 62-3; H, 3-8; 
OMe, 14-7. Cy 9H,;0,(CO-CH,) requires C, 64-7; H, 40; OMe, 15-2%]. 


I am indebted to the Director, Department ‘of Agriculture, Malaya, for the supply of root, 


and to the Ministry of Agriculture and the Colonial Development Fund for grants which have 
made this ‘work possible. 


Dept. OF INSECTICIDES AND FUNGICIDES, ROTHAMSTED EXPERIMENTAL STATION, 
HAaRPENDEN, HERTs. [ Received, November 21st, 1939.] 





64. Aitempis to find New Antimalarials. Part XVI. Synthesis of 
Some Derivatives of 4-Carboline and 5 : 6-Benz-4-carboline. 


By Wititam O. KERMACK and WALTER TEBRICH. 


Various carboline derivatives have been prepared in order that they might be tested 
for possible antimalarial activity. The condensation of 3-chloro-l-methyl-4-carboline, 
or preferably of its methosulphate, with diethylaminoalkylamines has been effected with 
the formation of the corresponding diethylaminoalkylamino-derivatives. Analogous 
compounds have been prepared in the 5: 6-benz-4-carboline series. Replacement 
of nuclear hydrogen by chlorine has been observed when certain carboline and benz- 
carboline derivatives are treated with an excess of phosphorus pentachloride. 


THE object of the present work was to prepare derivatives of 4-carboline carrying a basic 
side chain similar to that present in the synthetic antimalarials atebrin and plasmoquine. 
To this end 3-chloro-l-methyl-4-carboline (I; R = Cl) (Kermack, Perkin, and Robinson, 
J., 1922, 121, 1884) was ‘heated with @-diethylaminoethylamine under various conditions, 
but condensation proceeded only with great difficulty. In oneiexperiment a.small quantity 
of a crystalline ‘iydrobromide was isolated; this appeared to be the dihydrobromide of 
3-p-diethylaminoethylamino-1-methyl-4-carboline (1; R= NH-[CH,],“NEt,) (Found: C, 
43-3; H, 6-7. C,,H,,N.,2HBr,2H,O requires C, 43-7; H, 6-1%), ‘but the amount available 
was insufficient for purification. In order to raise ‘the activity of ‘the chlorine atom, ‘the 
methosulphate of 3-chloro-1-methyl-4-carboline was prepared (II; R = Cl, X = MeSO,). 
When this was heated with 6-diethylaminoethylamine, condensation took place -with the 
Saris of the 3-6-diethylaminoethylamino-1 °: 4-dimethylcarbolinium base (II; R= 

NH-[CHg],"NEt,, X = OH), isolated as the disalicylate. The analysis of this salt agrees 
with its formulation as (C,H,,N,)*(C;H,0,)~,C;H,O,,2H,O, one molecule of salicylic 
acid being united to the side chain in ordinary salt formation and the other being com- 
bined with the quaternary carbolinium carbon atom. Similarly, from the condensation 
of 1:4-dimethylcarboliniummethyl sulphate and +-diethylaminopropylamine, was 
isolated 3-y-diethylaminopropylamino-1 : 4-dimethylcarbolinium disalicylate (II; R= 
NH-(CH,],*NEt,). 

Analogous reactions have also been carried out in the benzcarboline series. When 
3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline :(Kermack and Slater, J., 1928, .32) was heated 
at 110° with phosphorus oxychloride and one molecule ‘of :phosphorus ‘pentachloride, 
3-chloro-5 : 6-benz-4-carboline (II1; R =H, R’ = Cl) ‘was. obtained. This condensed ‘with 
§-diethylaminoethylamine to yield 3-f-diethylaminoethylamino-5 : 6-benz-4-carboline 
(IIT; R H, R’ = NH‘{(CH,],"NEt,). In a similar way '3-keto-l-methyl-3 : 4-dihydro- 
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5 : 6-benz-4-carboline (Kermack and Slater, loc. cit.) was converted into 3-chloro-1-methyl- 
5 : 6-benz-4-carboline (III; R = CH, R’ = Cl), and this compound condensed with 6- 
diethylaminoethylamine to yield 3-§-diethylaminoethylamino-l-methyl-5 : 6-benz-4- 
carboline (III; R = CH;, R’ = NH-[CH,],*NEt,), isolated as the dihydrochloride. 


OF QOS otk 
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(I.) (II.) (III.) 


The conversion of 3-keto-1-methyl-3 : 4-dihydro-4-carboline into 3-chloro-1-methyl-4- 
carboline by the action of phosphorus oxychloride and phosphorus pentachloride proceeds 
only under strictly defined conditions (Kermack, Perkin, and Robinson, J., 1922, 121, 
1884). It has now been found that, when 3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline is 
treated with phosphorus oxychloride and more than one molecule of phosphorus penta- 
chloride, a dichlorobenzcarboline is formed. The fact that the second chlorine atom is 
in position 10 of the carboline ring was shown by its alternative synthesis as follows: 
p-Chlorophenylhydrazine was condensed with o-nitrophenylpyruvic acid, and the resulting 
hydrazone cyclised to 5-chloro-3-0-nitrophenylindole-2-carboxylic acid (IV). The reduction 
product, 5-chloro-3-0-aminophenylindole-2-carboxylic acid, at once cyclised to yield 
10-chloro-3-keto-8 : 4-dihydro-5 : 6-benz-4-carboline (V), which on treatment with phosphorus 
oxychloride and one molecule of phosphorus pentachloride gave 3: 10-dichloro-5 : 6- 
benz-4-carboline (V1) identical with the dichlorobenzcarboline already obtained. This 


C NO, Cc C 
CO,H H Y 
NH HCO NH Cl 
(V.) (VI.) 
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chlorinating action of phosphorus pentachloride is analogous to that observed when, 
for example, an excess of phosphorus pentachloride in chlorobenzene acts on certain 
diphenylaminecarboxylic acids (cf. Goodall and Kermack, J., 1936, 1163). 

A similar action was also observed in the preparation of 3-chloro-10-methoxy-1-methyl-4- 
carboline. This compound was prepared as follows: The product of the condensation of 
as-p-methoxyphenylmethylhydrazine and pyruvic acid was cyclised by treatment with a 
warm acid into 5-methoxy-1-methylindole-2-carboxylic acid. Following the method of 
Kermack, Perkin, and Robinson (J., 1921, 119, 1637), this was converted into the acid 
chloride and condensed with aminoacetal. On treatment with alcoholic hydrogen chloride, 
the 5-methoxy-1-methylindole-2-carboxydiethylacetalylamide (VII) so formed was converted 
into 3-keto-10-methoxy-1-methyl-3 : 4-dihydro-4-carboline (VIII). When this was treated 
under specified conditions with phosphorus oxychloride and one molecule of phosphorus 
pentachloride, it yielded 3-chloro-10-methoxy-1-methyl-4-carboline (IX). When, however, 
an excess of phosphorus pentachloride was present, the product was a mixture, from which 
was isolated a trichloro-derivative of 3-keto-10-methoxy-1-methy]l-3 : 4-dihydro-4-carboline. 
One of the chlorine atoms is of course in position 3, and though the positions of the other 
two are not certain, analogy would suggest that they are in positions 9 and 11. 
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EXPERIMENTAL. 


3-Chloro-1-methyl-4-carboline Methosulphate.—A solution of 3-chloro-1-methyl-4-carboline 
(0-2 g.) in warm benzene (2 c.c.) was heated with dry methyl sulphate (0-1 c.c.) on the water- 
bath for 1 hour. The yellow precipitate was filtered off, washed with benzene, and dried at 
100° (yield, 0-2 g.). It crystallised from alcohol in yellow needles, m. p. 180°. As the metho- 
sulphate was very hygroscopic, it was dried in a vacuum at 80° before analysis (Found: C, 
48:7; H, 45. C,,H,,0O,N,CIS requires C, 49-0; H, 44%). 3-Chloro-1-methyl-4-carboline 
methosulphate is easily soluble in water, moderately easily soluble in alcohol, and insoluble in 
benzene, ether and acetone. Dilute alcoholic solutions containing a trace of ammonia exhibit 
a distinct blue-violet fluorescence. This is not shown by aqueous solutions whether alkaline or 
acid. Addition of sodium hydroxide to aqueous solutions precipitates the base as a colourless 
crystalline compound. The methosulphate tastes markedly bitter. 

3-8-Diethylaminoethylamino-1 : 4-dimethylcarbolinium Disalicylate.—3-Chloro-1-methyl-4- 
carboline methosulphate (0-25 g.), dissolved in molten phenol (1-2 g.), was heated with 6- 
diethylaminoethylamine (0-1 c.c.) for 1 hour on the water-bath (cf. B.P. 450,254). The product 
was poured into 2n-sodium hydroxide (5c.c.). The yellow semi-liquid base was extracted with 
ether, and the ethereal solution freed from phenol by repeated extractions with 2N-sodium 
hydroxide and water. The base was extracted from the ethereal solution with 10% acetic acid 
(6 c.c.), precipitated from the latter with 2N-sodium hydroxide, and finally extracted with 
ether several times. From the dried ethereal solution the product was isolated as the salicylate 
(yield, 0-1 g.). This crystallised from absolute alcohol or ethyl acetate in colourless silky needles, 
m. p. 189° (Found: C, 64-4; H, 6-5; N, 8-9. (C,,;H,;,0,N,,2H,O requires C, 63-9; H, 6-7; 
N, 9:0%). 3-8-Diethylaminoethylamino-1 : 4-dimethylcarbolinium disalicylate is a very hygro- 
scopic compound containing 2 molecules of water of crystallisation. It is moderately easily 
soluble in alcohol and ethyl acetate and insoluble in ether, acetone and benzene. Its aqueous 
solution containing a trace of mineral acid exhibits a strong blue fluorescence with a greenish 
tinge. Addition of sodium hydroxide precipitates the base. 

3~y-Diethylaminopropylamino-1 : 4-dimethylcarbolinium disalicylate (0-2 g.), prepared from 
3-chloro-1 : 4-dimethylcarbolinium methosulphate (0-25 g.) and y-diethylaminopropylamine 
(0-25 c.c.) by the method described above, crystallised from ethyl acetate in colourless needles, 
m. p. 152° (Found: C, 66-5; H, 6-8; N, 9-4. C,,H,O,N,,H,O requires C, 66-0; H, 6-8; 
N, 91%). It closely resembles the diethylaminoethylamino-compound in its properties. 

3-Chloro-5 : 6-benz-4-carboline—A suspension of 3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline 
(0-9 g.) in phosphorus oxychloride (9 c.c.) was heated with phosphorus pentachloride (0-9 g.) 
in a sealed tube at 100—110° for 6 hours. After removal of the excess of phosphorus oxy- 
chloride under reduced pressure, the residue was poured on ice, and the yellow hydrochloride 
(0-8 g.) filtered off. Treatment with dilute aqueous ammonia gave the colourless base. This 
was dissolved in a small quantity of hot benzene to separate it from an insoluble residue, re- 
covered, and crystallised from ligroin containing a little benzene, forming colourless needles, 
m. p. 182° (Found : N, 10-7. C,,H,N,Clrequires N, 11-0%), moderately easily soluble in alcohol, 
easily soluble in ether, acetone and benzene, and insoluble in water and ligroin. Under the 
carbon arc, but not in ordinary day-light, very dilute alcoholic solutions show a blue-violet 
fluorescence. ; 

3-B-Diethylaminoethylamino-5 : 6-benz-4-carboline.—3-Chloro-5 : 6-benz-4-carboline (0-5 g.) 
was heated with @-diethylaminoethylamine (0-4 c.c.) at 150° for 6 hours with exclusion of 
moisture. On cooling, the product solidified to a brown glassy material, which was dissolved 
by prolonged boiling in the minimum quantity of alcohol. The base was isolated as the hydro- 
bromide by careful addition of saturated alcoholic hydrogen bromide. The light yellow, 
crystalline precipitate was filtered off, washed with acetone, and dried in a vacuum desiccator 
(yield, 0-7 g.). It crystallised from alcohol in colourless silky needles, m. p. 270°. For analysis 
it was dried at 100° in a vacuum (Found: N, 11-3; Br, 32-7. C,,H,,N,,2HBr requires N, 
11-3; Br, 32:8%). 3-8-Diethylaminoethylamino-5 : 6-benz-4-carboline dihydrobromide is soluble 
in water, moderately easily soluble in alcohol, and insoluble in ether, acetone and benzene. 
Very dilute aqueous solutions show a blue-violet fluorescence, which is destroyed by acid. The 
compound has a marked bitter taste. On addition of sodium carbonate to an aqueous solution 
of the dihydrobromide, the base separates as a semi-solid product. 

3-Chloro-1-methyl-5 : 6-benz-4-carboline. — 3-Keto-1-methy]-3 : 4-dihydro-5 : 6-benz-4-carbo- 
line (0-4 g.) was heated with freshly distilled phosphorus oxychloride (0-4 g.) in a sealed tube at 
100—110° for 24 hours. The product was treated as in the case of 3-chloro-5 : 6-benz-4- 
carboline, and the base (0-4 g.) recrystallised from ligroin containing a little benzene (Found : 
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N, 10-2. C,,H,,N,Cl requires N, 105%). 3-Chloro-l-methyl-5 : 6-benz-4-carboline, m. p. 145°, 
closely resembles 3-chloro-5 : 6-benz-4-carboline in its properties. 

3-8-Diethylaminoethylamino-1-methyl-5 : 6-benz-4-carboline. — 3-Chloro-l-methyl-5 : 6-benz- 
4-carboline (0-3 g.) was heated with 6-diethylaminoethylamine (0-3 c.c.) at 145° for 6 hours, as in 
the case of 3-8-diethylaminoethylamino-5 : 6-benz-4-carboline. The viscous product was 
dissolved in dilute hydrochloric acid. On addition of ammonia an emulsion was formed, from 
which the base was extracted with ether. Addition of alcoholic hydrochloric acid to the dried 
ethereal solution produced a pale yellow precipitate, which was washed with acetone. The 
compound crystallised from alcohol in cream-coloured silky needles (0-3 g.), m. p. 261°. For 
analysis it was dried in a vacuum at 100° (Found: C, 60-0; H, 7:3; N, 13-3; Cl, 16-5. 

Cy,H,,.N,,2HCI,H,O requires C, 60-3; H, 6-9; N, 12-9; Cl, 16-2%). 3-8-Diethylaminoethyl- 

amino-1-methyl-5 : 6«benz-4-carboline dihydrochloride is easily soluble in water, moderately 

easily soluble in alcohol, and insoluble in acetone, ether and benzene. Dilute alcoholic solutions 
show a blue-violet fluorescence and dilute aqueous solutions exhibit a blue-greenish fluorescence. 

Small traces have a marked bitter taste and produce considerable anesthesia of the tongue. 

3 : 10-Dichloro-5 : 6-benz-4-carboline.—(1) 3-Keto-5 : 6-benz-4-carboline (1 g.) was heated 
with phosphorus oxychloride (10 c.c.) and phosphorus pentachloride (2 g.) in a sealed tube at 120° 
for 24 hours. The excess of phosphorus oxychloride was sucked off, and the residue poured 
on ice. The yellow product, after being washed, was converted by treatment with dilute 
aqueous ammonia into the colourless base, which was dissolved in hot benzene. On cooling, a 
crystalline fraction (0-5 g.) separated, repeated crystallisation of which from benzene or benzene— 
ligroin yielded 3 : 10-dichloro-5 : 6-benz-4-carboline in fine needles arranged in rosettes, m. p. 
250° (Found: N, 9-4; Cl, 24-1. C,,H,N,Cl, requires N, 9-7; Cl, 247%), easily soluble in 
alcohol, acetone and ether, moderately easily soluble in benzene and glacial acetic acid, and 
insoluble in ligroin. Under the carbon arc dilute neutral alcoholic solutions show a distinct 
blue-violet fluorescence. 

(2) p-Chlorophenylhydrazine (4 g.) (Willgerodt and Béhm, J. pr. Chem., 1891, 48, 842) was 
refluxed with o-nitrophenylpyruvic acid (7 g.) in alcohol (50 c.c.) for 30 minutes (cf. Kermack 
and Slater, J., 1928, 37). The solution was then cooled slightly and saturated with hydrogen 
chloride. Boiling was continued for another 30 minutes, and the solution again saturated with 
hydrogen chloride. After cooling, it was poured into water (150 c.c.), the dark oil which separated 
extracted with ether several times, and the extract dried over anhydrous sodium sulphate. 
The oil obtained on removal of the ether was boiled with 10% alcoholic potassium hydroxide 
(30 c.c.) for 30 minutes on the water-bath. On cooling, red-brown hexagonal plates of potas- 
sium 6-chloro-3-o-nitrophenylindole-2-carboxylate separated, which were filtered off and washed 
with alcohol. From an aqueous solution of the salt, 6-chloro-3-o-nitrophenylindole-2-carboxylic 
acid was precipitated with hydrochloric acid; the yellow compound crystallised from alcohol 
in stout prisms, m. p. 303° (decomp.) (Found: N, 8-8. C,,;H,O,N,Cl requires N, 8-8%), 
insoluble in water, sparingly soluble in benzene, moderately in alcohol, but easily soluble in 
acetone and ether. 

Zinc dust (10 g.) was gradually added to a solution of the preceding acid (3 g.) in boiling 80% 
acetic acid (75 c.c.), and the whole refluxed for 30 minutes. The solution was filtered hot, and 
the zinc dust washed twice with boiling acetic acid. When the filtrate was poured into much 
water, 10-chloro-3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline was precipitated as a pink compound, 
which was filtered off, washed with water, and dried at 100° (yield, 1-2 g.); it crystallised from 
pyridine in colourless needles, m. p. 337° (Found: N, 10-6. C,,H,ON,Cl requires N, 10-4%), 
very sparingly soluble in most solvents, but moderately easily soluble in pyridine. A dilute 
acetic acid solution showed a very slight blue-violet fluorescence under the arc. 

10-Chloro-3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline (0-5 g.) was heated with phosphorus 
oxychloride (5 c.c.) and phosphorus pentachloride (0-5 g.) in a sealed tube at 125° for 24 hours. 

The excess of phosphorus oxychloride was removed under reduced pressure, and the residue 

poured on ice. The yellow hydrochloride was filtered off and washed with dilute aqueous 

ammonia to convert it into 3: 10-dichloro-5 : 6-benz-4-carboline (0-4 g.), which crystallised 
from benzene in colourless needles, m. p. 251°, which did not lower the m. p. of the product 

obtained in (1). 
5-Methoxy-1-methylindole-2-carboxylic Acid.—p-Methoxyphenylmethylhydrazine (10 g.) 

(Spath and Brunner, Ber, 1925, 58, 522) was dissolved in 15% acetic acid (100 c.c.) and warmed 

with pyruvic acid (10 c.c.) for 5—10 minutes at 5|0—60°. To the hydrazone, which had separated 

as a yellow oil, concentrated hydrochloric acid (30 c.c.) was added after 2 minutes, and the 
dark solution warmed in water at 50° for 5 minutes. The expected carboxylic acid separated 
in brown crystals, which were quickly filtered off, washed with water, dried (yield, 4-3 g.), and 
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recrystallised from alcohol. The very pale brown prisms obtained, m. p, 216° (Found: N, 
6-8. C,,H,,0,N requires N, 6-8%), were easily soluble in ether and acetone, moderately easily 
soluble in alcohol, and insoluble in water and benzene. With p-dimethylaminobenzaldehyde 
the acid developed a purple colour after some heating on the water-bath, and addition of sodium 
nitrite increased the intensity of the colour. 

5-Methoxy-1-methylindole-2-carboxydiethylacetalylamide.—Phosphorus pentachloride (1 g.) 
was added to a cooled suspension of finely divided 5-methoxy-l-methylindole-2-carboxylic 
acid (1 g.) in acetyl chloride (10 c.c.), and the mixture hand-warmed until the acid dissolved. 
After standing at room temperature for 4 hours, the excess of acetyl chloride and the phosphorus 
oxychloride formed were completely removed in a vacuum at 50° (any trace left interferes 
with the subsequent reaction). The dark-coloured crystalline acid chloride was dissolved in 
warm dry chloroform (10 c.c.) and rapidly filtered from a little impurity. To the cooled solution 
was added a chloroform solution of aminoacetal (1-5 g.), prepared from bromodiethylacetal 
(Freundler and Ledru, Bull. Soc. chim., 1907, 1, 71) by the method of Hartung and Adkins 
(J. Amer. Chem. Soc., 1927, 49, 2521). After 1 hour the chloroform was distilled in a vacuum. 
On being rubbed with water, the semi-solid residue solidified to a light brown product, which 
was washed with water and dried at 37° (yield, 14 g.). 5-Methoxy-1-methylindole-2-carboxy- 
diethylacetalylamide crystallised from benzene-ligroin in colourless needles, m. p. 104° (Found : 
N, 8-7. C,,H,,O,N, requires N, 8-7%), readily soluble in alcohol, chloroform, ether and 
benzene, moderately easily soluble in dilute mineral acids, very sparingly soluble in ligroin, 
and insoluble in water. With p-dimethylaminobenzaldehyde it gave a purple colour in the 
cold, which changed to dark red on addition of sodium nitrite. 

3-Keto-10-methoxy-1-methyl-3 : 4-dihydvo-4-carboline—-The preceding compound (3-4 g.) 
was dissolved in alcoholic hydrogen chloride (30 c.c.) and warmed at 50° for 15 minutes. After 
some time the crystalline hydrochloride which had separated from the dark purple solution was 
filtered off, pressed on a porous plate, and dissolved in much hot alcohol, from which, on cooling 
3-keto-10-methoxy-1-methyl-3 : 4-dihydro-4-carboline separated in feather-like clusters (2 g.); 
it crystallised from alcohol in long colourless needles, m. p. 263° (Found: N, 12-3. C,,;H,,0,N, 
requires N, 12-3%), insoluble in water, acetone, ether and benzene. It was sparingly soluble 
in hot alcohol, and, like 3-keto-l-methyl-3 : 4-dihydro-4-carboline (Kermack, Perkin, and 
Robinson, J., 1922, 121, 1884), exists in two crystalline modifications. If the alcohol contains 
some water, the compound crystallises in short rectangular prisms instead of in long needles. 
Dilute alcoholic solutions containing a trace of mineral acid exhibit a marked blue-violet 
fluorescence. 

3-Chloro-10-methoxy-1-methyl-4-carboline.—The preceding dihydro-compound (0-5 g.) was 
heated with phosphorus oxychloride (5 c.c.) and phosphorus pentachloride (0-5 g.) in a sealed 
tube at 105—110° for 6 hours. The crystalline 3-chloro-10-methoxy-1-methyl-4-carboline hydro- 
chloride was filtered off, washed with acetone, and dried on the water-bath (yield, 0-35 g.). 
It separated from hot acetone in yellow needles, m. p. 185° (Found: N, 9-8. C,,H,,ON,Cl,HCl 
requires N, 9-9%), soluble in water, ether and benzene, moderately easily soluble in acetone 
and easily soluble in alcohol. Under the arc dilute alcoholic solutions showed a blue-violet 
fluorescence. On treatment with aqueous ammonia the hydrochloride was converted into the 
grey base, which, however, could not be obtained crystalline. 

Trichloro-10-methoxy-1-methyl-4-carboline. — 3-Keto-10-methoxy-1-methyl-3 : 4-dihydro-4- 
carboline (1 g.) was heated with phosphorus oxychloride (10 c.c.) and phosphorus pentachloride 
(2 g.) in a sealed tube at 110° for 6 hours. The yellow product was poured on ice, and the 
hydrochloride separated and washed with dilute aqueous ammonia to convert it into the base. 
Recrystallised from  ligroin—benzene, 3: (9: 11) ?-trichlovo-10-methoxy-1-methyl-4-carboline 

ted in pale yellow needles, m, p. 214° (Found: C, 49-5; H, 3-0; N, 8-6; Cl, 33-0. 

C,,H,ON,Cl, requires C, 49-5; H, 29; N, 8:9; Cl, 33-7%), soluble in alcohol, acetone, ether 
and benzene and insoluble in ligroin. It showed a blue-violet fluorescence in dilute alcoholic 
solutions. : 
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65. Walden Inversion in the Altrose Series. 
By (the late) GzorcE J. ROBERTSON and WILLIAM WHITEHEAD. 


The formation of 4: 6-benzylidene 2: 3-anhydro-«-methylmannoside from 4: 6- 
benzylidene «-methylaltroside is described. Hydrazine hydrate opens the ethylene 
oxide rings of 4 ; 6-benzylidene 2 : 3-anhydro-a«-methylalloside and 4: 6-benzylidene 
2 : 3-anhydro-«-methylmannoside with the production of 4 : 6-benzylidene 2-hydrazino- 
a-methylaltroside and 4 : 6-benzylidene 3-hydrazino-a-methylaltroside. The position of the 
hydrazino-group in the latter was proved by the preparation therefrom of pyrazolyl- 
5-«-glycerol hydrochloride. The anhydro-ring in 2-methyl 3: 6-anhydro-a«-methyl- 
altroside, as in glucose, is stable to alkali. No method could be found for preparing a 
3 : 4-anhydro-derivative from altrose, and it was concluded that the cis-position of the 
hydroxyl! groups concerned precluded such formation. Walden inversion would there- 
fore appear to be a necessary adjunct to ethylene oxide ring production in this hexose. 


It has been shown (Robertson and Griffith, J., 1935, 1193) that the alkaline hydrolysis of 
2 : 3-di-p-toluenesulphonyl 4 : 6-benzylidene «-methylglucoside leads to the formation of 
4: 6-benzylidene 2 : 3-anhydro-«-methylalloside (I), from which it was ible to derive 
small quantities of 4 : 6-benzylidene «-methylaltroside (II) by further alkaline treatment. 
We now describe, in a continuation of this work, the formation of anhydro-derivatives from 
altrose, A modification of the method described by Robertson and Griffith for the alkaline 
hydrolysis of (I) gave a means of ready access to (II). This compound, when condensed 
with p-toluenesulphonyl chloride in pyridine solution, gave a crystalline product, 2 : 3-di- 
p-toluenesulphonyl 4 : 6-benzylidene a-methylaltroside (I¥1), isomeric with the glucose de- 
rivative which formed their starting material. Treatment of this substance with sodium 
methoxide solution resulted in a stoicheiometric yield of 4: 6-benzylidene 2 : 3-anhydro- 
a-methylmannoside (IV), which gave no depression of melting point when mixed with the 
specimen prepared by Robertson and Griffith from 2-p-toluenesulphonyl 4 : 6-benzylidene 
a-methylglucoside. When these analogous #-toluenesulphonyl derivatives of glucose and 
altrose are submitted to alkaline hydrolysis, Walden inversion occurs at the third carbon 
atom in each case, with the formation of anhydro-derivatives of different hexoses (1.c., 
of allose and mannose). Hydrolysis of ([V) with aqueous potash, by a modification of the 
method of Robertson and Griffith, gave a quantitative yield of (IT). 





H-OMe —CH-OMe 


HS0 
> ge >CHPh O- 


CH,-0 
(1) 


(Ts = p-C,H,MerSO,:.) 


The ethylene oxide rings of (I) and (IV) have been opened by the action of various re- 
agents such as potassium hydroxide, sodium methoxide, ammonia, and some dilute acids. 





Robertson and Whitehead : 


We have used hydrazine hydrate as a hydrolysing agent for this purpose. The reactions 
were carried out with a 50% solution of hydrazine in water in sealed tubes at 120°, the time 
required for heating being greater in the case of (I), possibly because of its lesser solubility 
in water. The compounds obtained, which we shall name A (from I) and B (from IV), 
were crystalline isomeric hydrazino-sugars, m. p. 196° and 144°, respectively, and by analogy 
with previous hydrolyses were assumed to be derivatives of altrose. Treatment of B with 
concentrated hydrochloric acid at room temperature stripped the molecule of benzylidene 
and altrosidic methyl groups, and led to the subsequent formation of the hydrochloride 
of pyrazolyl-5-a-glycerol (VII), identical with that isolated by Freudenberg and Rosen 
(Ber., 1923, 56, 1243). In B, therefore, the hydrazino-group is in’position 3 in the altrose 
molecule, and B must be 4: 6-benzylidene 3-hydrazino-a-methylaltroside (V1). It follows 
that the isomer, A, is 4 : 6-benzylidene 2-hydrazino-a-methylaltroside (V). 

The formation of the 3 : 6-anhydro-ring in altrose was brought about by a synthesis 
from 3--toluenesulphonyl 4 : 6-benzylidene 2-methyl «-methylaltroside (Robertson and 
Griffith, Joc. cit.). By preferential hydrolysis of this compound with hydrochloric acid 
the benzylidene residue was removed, and the resulting crystalline product, 3-p-toluene- 
sulphonyl 2-methyl a-methylaltroside, was benzoylated to give 3-p-toluenesulphonyl 4 : 6- 
dibenzoyl 2-methyl a-methylaltroside, m. p. 113°. By alkaline hydrolysis of this substance 
it should theoretically be possible to obtain two anhydro-derivatives, one with an ethylene 
oxide ring in positions 3 and 4, the other with a butylene oxide ring in positions 3 and 6. 
The hydrolysis was attempted by heating under reflux with sodium methoxide solution, 
but was accompanied by the development of a deep red colour and decomposition of the 
sugar. When carried out under milder conditions, e.g., at room temperature, the reaction 
resulted in the preferential hydrolysis of benzoyl residues, leaving 3-p-toluenesulphonyl 
2-methyl a-methylaltroside. The product, obtained in low yield, was crystalline, m. p. 108°, 
and for reasons given below, was concluded to be 2-methyl 3 : 6-anhydro-a-methylaltroside. 
The 3 : 4-anhydro-derivative was not formed. The anhydro-compound isolated was stable 
to the action of 2N-potassium hydroxide in a sealed tube at 110° for a prolonged time, and 
to similar treatment with a 10% solution of sodium in methyl alcohol. When heated under 
reflux with 5% hydrochloric acid, the altrosidic methyl group was removed, and a syrup 
was obtained which reduced Fehling’s solution and had the composition of a monomethyl 
anhydro-hexose. The anhydro-ring remained unopened. The ethylene oxide ring in the 
hexoses is readily opened when submitted to conditions such as those outlined above, but 
the butylene oxide ring in 3 : 6-anhydroglucose is stable. This similarity led to the con- 
clusion that the anhydro-derivative of altrose contained the butylene oxide ring, and that 
the reducing sugar obtained by the hydrolysis of the altrosidic methyl group was 2-methyl 
3 : 6-anhydroaltrose. The formation of this reducing sugar is of interest in connection with 
the work of Robertson and Griffith (loc. cit.) on the removal of the altrosidic methyl group 
from a-methylaltroside, and its 2- and 3-methyl and 2 : 3-dimethyl derivatives. In each 
of these cases the removal of the altrosidic methyl group led to the production of a non- 
reducing anhydro-derivative, and a small amount of reducing sugar, instead of the free 
sugar and its methylated analogues. This anhydro-ring could only have been in positions 
1:4 or 1:6, and its failure to form after the removal of the altrosidic methyl group of 
2-methy]l 3 : 6-anhydro-«-methylaltroside shows that in the examples quoted by Robertson 
and Griffith it has been in the 1 : 6-position. Methylation of 2-methyl 3 : 6-anhydro-«- 
methylaltroside by means of the Purdie reagents gave a fully methylated derivative, which 
was a syrup, 2 : 4-dimethyl 3 : 6-anhydro-«-methylaltroside. 

The difficulty of forming a 3 : 4-anhydro-derivative from altrose had been exemplified 
by our failure to obtain such a compound in our synthesis of 2-methyl 3 : 6-anhydro- 
a-methylaltroside. We therefore attempted a second approach to this compound. The 
condensation of triphenylmethyl chloride with 3-p-toluenesulphonyl 2-methyl «-methy]l- 
altroside gave a faintly coloured glass, which, when freed from triphenylmethanol, had the 
approximate composition of 3-p-toluenesulphonyl 6-triphenylmethyl 2-methyl «-methyl- 
altroside, and appeared to be a mixture of this substance and the starting material. Acetyl- 
ation of this glass yielded crystalline 3-p-toluenesulphonyl 4-acetyl 6-triphenylmethyl 2-methyl 
a-methylaliyoside, m. p, 165°. This compound, on alkaline hydrolysis, might be expected 
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to give 6-triphenylmethyl 2-methyl 3 : 4-anhydro-«-methylhexoside, but attempts to 
perform this reaction with various alkaline reagents failed: the use of a low alkaline 
concentration resulted in the preferential hydrolysis of the acetyl group, leaving a glass 
similar to 3-p-toluenesulphonyl 6-triphenylmethyl 2-methyl «-methylaltroside; with 
stronger concentrations a deep coloration developed and the sugar was completely resinified, 
leaving triphenylmethanol. In altrose the hydroxyl groups attached to carbon atoms 3 
and 4 are in cis-positions in the molecule, and failure to form an ethylene oxide ring between 
these two carbon atoms indicates that the occurrence of Walden inversion from a trans- 
to a cis-formation is a necessary part of ethylene oxide ring production of this type. 
Mueller, Moricz, and Verner (Ber., 1939, 72, 745) encountered similar difficulties in an 
attempt to form a 3 : 4-anhydro-derivative from galactose, the hydroxyl groups attached 
to carbon atoms 3 and 4 in this sugar also being in the cis-position. 


EXPERIMENTAL. 


Action of Aqueous Potassium Hydroxide on 4: 6-Benzylidene 2 : 3-Anhydro-a-methylalloside. 
—The substance (10 g.), together with a solution of potassium hydroxide (13 g.) in water (350 
ml.), was heated under reflux until it had been totally transformed into water-soluble product 
(25 hrs.). The cold solution was extracted with chloroform, and the extract dried (sodium 
sulphate) and evaporated to dryness. By repeated treatment of the residual syrup with methyl 
alcohol an almost theoretical yield of 4 : 6-benzylidene a-methylaltroside (II) (10-67 g.), m. p. 
170°, was obtained. The uncrystallised residue (0-005 g.) was deduced to be a mixture of product 
and starting material. . 

2: 3-Di-p-toluenesulphonyl 4: 6-Benzylidene a-Methylaltroside (III).—4: 6-Benzylidene «- 
methylaltroside (5 g.) and a 20% excess of p-toluenesulphonyl chloride (10 g.) were dissolved 
in the minimum volume of pyridine and after 72 hours the solution was diluted with water and 
extracted with bénzene. The extract was washed, dried (sodium sulphate), and evaporated 
to dryness. The white crystalline residue (7 g.) had m. p. 170—175°, and was recrystallised 
from methyl alcohol until the m. p. was constant at 179°; [aJi® + 46-9° in chloroform (¢ = 
1-002) (Found: C, 57-0; H, 5-0; S, 10-8; OMe, 5-3. C,,H 90,95, requires C, 56-95; H, 5-1; 
S, 10-85; OMe, 5-25%). Yield, 6 g. 

Alkaline Hydrolysis of 2: 3-Di-p-toluenesulphonyl 4: 6-Benzylidene «a-Methylaltroside.— 
The material (10 g.) was heated on a water-bath with a solution of sodium (1-5 g.) in methyl 
alcohol (100 ml.) for 12 hours; on cooling, long white needles separated. These were washed 
with methyl alcohol (yield, 5-5 g.) and recrystallised from acetone—methy] alcohol (yield, 5-3 g.). 
This substance had the same physical constants as 4: 6-benzylidene 2 : 3-anhydro-a-methyl- 
mannoside (IV), m. p. 147°, [«]}* + 108-1° in chloroform (c = 1-63), and did not depress its m. p. 

Action of Hydrazine Hydrate on 4:6-Benzylidene 2: 3-Anhydro-a-methylalloside.—The 
material (5 g.), together with an aqueous solution of hydrazine hydrate (20 ml. of 50/50), was 
heated in a sealed tube at 120° for 30 hours; a compound of different crystalline form separated 
on cooling. This dissolved on warming, leaving a trace of starting material, which was filtered 
off. The aqueous solution of hydrazino-hexoside and hydrazine was evaporated to dryness under 
diminished pressure, and the residue maintained at 90° for 15 minutes to remove traces of 
hydrazine. Recrystallisation of the product proved to be difficult, as it readily decomposed in 
the presence of air or when warmed with organic solvent. The latter decomposition took place 
with explosive violence when such a solution was evaporated under diminished pressure. By 
solution in chloroform and rapid reprecipitation with light petroleum 4 : 6-benzylidene 2-hydr- 
azino-a-methylaliroside (V) was obtained in colourless microprismatic needles, m. p. 144°, 
[a)# + 67-96° in chloroform (c = 1-09) (Found: N, 91. C,,H,O;N, requires N, 9-4%). 
It depressed the m. p. (196°) of 4 : 6-benzylidene 3-hydrazino-«-methylaltroside (below) to 129°. 

Action of Hydrazine Hydrate on 4: 6-Benzylidene 2 : 3-Anhydro-a-methylmannoside.—The 
material (5 g.) was heated with hydrazine hydrate (15 ml. of 50/50) in a sealed tube for 12 hours 
at 110°. The white solid that separated from the cold solution in needles (5 g.) was more stable 
than the above hydrazino-derivative and could be left in air for a considerable time. It de- 
composed when warmed with organic solvents, in which it was less soluble. A suitable crystal- 
lising medium could not be found, but the substance, having been freed from superficial im- 
purities by washing, had a sharp m. p. 196°; [a]}” + 53-7° in pyridine (c = 0-55) (Found : 
N, 9-2. C,H, O,N, requires N, 9-4%). The hydrazino-group was shown, by the preparation 
of pyrazylglycerol hydrochloride, to be on the third carbon atom of the hexose molecule. The 
substance was therefore 4 : 6-benzylidene 3-hydvazino-a-methylalivoside (V1). 
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Action of Concentrated Hydrochloric Acid on 4: 6-Benzylidene 3-Hydrazino-a-methylaliroside. 
—aA solution of the material (4 g.) in the minimum volume of concentrated hydrochloric acid was 
kept for 12 hours at room temperature, then washed with ether to remove benzaldehyde, and 
evaporated to dryness in a vacuum desiccator. The friable solid (3 g.) obtained was recrystal- 
lised from propyl alcohol, forming pale yellow needles, m. p. 138°, [aJ#®" + 4-8° in water (c = 
10-9) (Found ; Cl, 18:2; N, 14-1. Calc. for C,H,,0O,N,,HC1: Cl, 18-2; N, 14-4%), of pyrazolyl- 
5-a-glycerol hydrochloride [Freudenberg and Rosen, Joc. cit., give m. p. 139°; [a}sq¢, + 5-6° 
in water (¢ = 10-3)]. 

Partial Hydrolysis of 3-p-T oluenesulphonyl 4: 6-Benzylidene 2-Methyl a-Methylaltroside. — 
The substance (5-0 g.) was dissolved in a solution of hydrochloric acid (6 ml., 0-6 N) in acetone 
(144 ml.) and heated-on a water-bath until the optical rotation was constant (2% hrs.), 
[a]p + 82-0°, allowance being made for change in concentration. Water (20 ml.) was added, 
the solution neutralised with barium carbonate and filtered, and the acetone evaporated. The 
solid separated from the aqueous residue was extracted with chloroform to remove benzaldehyde, 
the extract evaporated to small bulk, and warmed almost to the b. p., and light petroleum added 
until crystallisation began. 3-p-Toluenesulphonyl 2-methyl a-methylaliroside (3-5 g.) separated 
in needles, m. p. 118°, [a]}” + 88-1° in chloroform (c = 1-044) (Found: C, 49-8; H, 6-0; OMe, 
17-0. C,sH,,0,S requires C, 49-8; H, 6-1; OMe, 17-1%). 

Acetylation of this substance by the usual method yielded a syrup. 

3-p-Toluenesulphonyl 4 : 6-Dibenzoyl 2-Methyl a-Methylalivoside.—3-p-Toluenesulphonyl 2- 
methyl «-methylaltroside (5 g.) was dissolved in the minimum volume of pyridine and kept with a 
20% excess of benzoyl chloride (5-5 ml.) for 24 hours; the mixture was then diluted with water 
and extracted with chloroform. The syrup (8-5 g.) isolated from the dried extract (sodium 
sulphate) crystallised on treatment with methylalcohol; yield, 8-0 g.,m. p. 113°, [a] + 94-69° 
in chloroform (c = 1-109) (Found: C, 61-1; H, 5:3; S, 5-5; OMe, 10:8. CygH590,,S requires 
C, 61-1; H, 5-3; S, 5-6; OMe, 10-9%). 

Alkaline Hydrolysis of 3-p-Toluenesulphonyl 4: 6-Dibenzoyl 2-Methyl a-Methylaliroside.— 
The material (20 g.) was heated under reflux with methyl alcohol (250 ml.) in which sodium 
(1-5 g.) had been dissolved; the solution became dark red. After 5 hours, water was added and 
the alkaline solution was made slightly acid, neutralised with barium carbonate, filtered, and 
evaporated to dryness. The residue was extracted with chloroform and the highly coloured 
extracts were treated with charcoal, until the colour was considerably diminished, and then 
evaporated to dryness. The coloured syrup obtained crystallised after repeated treatments 
with ethyl alcohol and light petroleum; m. p. 100° (2-5 g.). After several recrystallisations 
2-methyl 3 : G-anhkydro-a-methylalivoside was obtained in fairly large, prismatic crystals (2 g.) of 
constant m. p. 107—108°, [aJ} + 105-1° in chloroform (c = 1-087) (Found: C, 50-8; H, 
75; OMe, 32:3. C,H,,O, requires C, 50-5; H, 7-4; OMe, 32-6%). 

No other anhydro-derivative could be isolated in the above reaction. With the aim of 
getting the 3: 4-anhydro-derivative various modifications were attempted and, as it was 
considered that the above treatment might have been too drastic, these were mainly carried out 
at lower temperature and in lesser concentration. The following is a typical example: Th 
material (15 g.) was dissolved in methyl alcohol (150 ml.), and sodium (1-0 g.) in methyl alcohol 
(20 ml.) added. After 18 hours, the product was extracted as a syrup (8 g.), which on re- 
crystallisation from methyl alcohol was found to be 3-p-toluenesulphonyl 2-methyl a-methyl- 
altroside (6 g.), m. p. 118°. 

Action of 2N-Hydrochloric Acid on 2-Methyl 3 : 6-A nhydro-a-methylaliroside.—A solution of the 
material (8-0 g.) in 2n-hydrochloric acid was heated under reflux for 10 hours in presence of 
animal charcoal. Coloration due to decomposition took place and further treatment with 
charcoal was needed before a colourless solution was obtained. After neutralisation and 
extraction an amber-coloured syrup (2-8 g.) was isolated, which reduced Fehling’s solution. 
This was 2-methyl 3: 6-anhydroalirose, ni® 1-4878, [ai + 81-27° in chloroform (c = 2-1045), 
+ 106-3° in water (¢c = 1-105); no mutarotation was observed even in the presence of a trace 
of aqueous ammonia (Found: C, 47-5; H, 6-7; OMe, 17-4. C,H,,0, requires C, 47-7; H, 
6-8; OMe, 17-6%). 

2: 4-Dimethyl 3 : 6-Anhydro-a-methylalivoside.—After fifteen treatments of 2-methyl 3 : 6- 
anhydro-a-methylaltroside with the Purdie reagents the dimethyl compound was obtained as a 
colourless syrup, "p my 14720, [a}i® + 69-04° in chloroform (c = 1-095) (Found: OMe, 45:1. 
C,H,,O, requires OMe, 45-6%). 

Action of Triphenylchloromethane on 3-p-Toluenesulphonyl 2-Methyl a-Methylaliroside.—The 
substance (5-4 g.) and an equivalent proportion of triphenylchloromethane (4-4 g.) were dis- 
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solved in the minimum volume of pyridine and heated at 100° for 2 hours with exclusion of 
moisture, After dilution with water, the product was extracted in the usual manner. The pale 
yellow glass isolated (Found : OMe, 8-9. C,,H,,0,S requires OMe, 10-2%) consisted of a mixture 
of triphenylmethanol, tritylated and untritylated material. It was dissolved in benzene, and 
light petroleum added until no further precipitate appeared. The mother-liquor was decanted, 
and a solution of the syrupy precipitate in benzene evaporated to dryness. The residual glass 
(8-8 g.) was a mixture of 3-p-toluenesulphonyl 6-triphenylmethyl 2-methyl a-methylalivoside and 
starting material (Found: OMe, 11-2%). 

The impure product obtained above (5 g.) was acetylated with acetic anhydride in pyridine 
solution. The crystalline compound isolated (5-5 g.) was recrystallised to constant m. p. from 
acetone-ethyl alcohol. 3-p-Toluenesulphonyl 4-acetyl 6-triphenylmethyl 2-methyl «a-methyl- 
altvoside had m. p. 165°, [«]}” + 72-4° in chloroform (c = 1-008) (Found: C, 66-9; H, 5-8; S, 
4-95; OMe, 9-7. C;,H,,0,S requires C, 66-9; H, 5-9; S, 4:95; OMe, 9-6%). 

Action of Hydrolysing Agents on 3-p-Toluenesulphonyl 4-A cetyl 2-Methyl a-Methylaltroside.— 
Alcoholic potassium hydroxide. The material (6-5 g.) was dissolved in a 5% solution of potassium 
hydroxide in water (25 ml.) and ethyl alcohol (225 ml.) and heated under reflux for 3 hours. A 
deep red colour rapidly developed and the product isolated was mainly triphenylmethanol. 

Sodium hydroxide in acetone solution. The material (11 g.) was dissolved in a solution of 
sodium hydroxide (25 ml. of 2n) in acetone (100 ml.) and water (50 ml.) and heated under reflux 
for 2 hours. The acetone was evaporated, and the aqueous residue extracted with benzene. 
From the extract a glass was obtained which appeared to be 3-p-toluenesulphony] 6-triphenyl- 
methyl 2-methyl «a-methylaltroside. The acetyl group had been preferentially hydrolysed, and 
resinification had taken place. ' 

Sodium methoxide solution. Treatment of the material with a 2-5% solution of sodium in 
methyl alcohol at 60° led to a great deal of charring and decomposition. 

The above are examples of methods used in an attempt to form a 3 : 4-anhydro-derivative 
of altrose from this substance, and the failure to form such a compound led to the conclusion 
that Walden inversion was occurring on the third carbon atom on hydrolysis of the p-toluene- 
sulphonyl residue. The subsequent formation of a trans-ethylene oxide ring did not take place 
and, instead, the sugar decomposed, 


The surviving collaborator in this research acknowledges his indebtedness to The Carnegie 
Trust for the grant of a scholarship which enabled him to take part in the work, and to the 
late Dr. G. J. Robertson who inspired it. 
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66. The Reaction of Some Acylbenzisothiazolones with Acetic Anhydride 
and Potassium Acetate. 


By E. W. McCLeLtanp, M. J. Rose, and (in part) R. G. BARTLETT. 


The reaction of l-acylbenzisothiazolones with acetic anhydride and potassium 
acetate is shown to give mixtures of thionaphthens, from which 3-hydroxy-2-acetyl- 
1-thionaphthen, 3-acetoxy-1-thionaphthen, 3-hydroxy-2-acetylcarbamyl-1-thionaphthen, 
and 3-acylamido-1-thionaphthenes have been isolated. Total or partial displacement 
of the 1-substituent by acetyl takes place, which is in contrast to the behaviour of the 
l-alkyl- or l-aryl-benzisothiazolones. 3-Hydroxy-2-acetylcarbamyl-1-thionaphthen, 
which has been synthesised from 2-thiolbenzoic acid, has also been obtained from the 
unsubstituted benzisothiazolone and it is shown to be a source of the acetyl hydroxy- 
thionaphthens. 


It has been shown (McClelland, J., 1929, 1588; McClelland and D’Silva, J., 1931, 2972; 
1932, 2883; Bartlett and McClelland, J., 1934, 818) that benzssothiazolone (I; R = H) 
reacts with acetic anhydride and potassium acetate to give 3-acetamido-l-thionaphthen 
(II; R = Ac), whereas the l-alkyl- or l-aryl-substituted benzésothiazolones (I; R = Me, 
Et, CH,Ph or Ph) yield the 3-hydroxy-2-carbamyl-l-thionaphthens (III) and not the 
expected N-substituted aminothionaphthens (II). In these reactions 3-hydroxy-2-acetyl- 
1-thionaphthen (V) and 3-acetoxy-l-thionaphthen (VI) were also obtained. It was thus 
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evident that the nature of the l-substituent in the benzisothiazolone influenced the 
course of the reaction; the influence of acyl groups as the 1-substituent has now been 
investigated. 


S S S-CH,CO-NH, 
CHS SNR CHK SCH GH CCONHR = C,H 
Vi NF pie” 
v6 C-NHR C-OH On 

(I.) (II.) (IIT.) (IV.) 


S S S- S—Cl 

CH CAc . C,H. CH | co CHC 
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1-Propionylbenzisothiazolone (I; R = CO-C,H;) reacts with acetic anhydride and 
potassium acetate on heating to give 3-hydroxy-2-acetyl-1-thionaphthen (V), 3-acetoxy-1- 
thionaphthen (VI), 3-acetamido-l-thionaphthen (II; R= Ac), 3-propionamido-1-thio- 
naphthen (11; R= CO-C,H;), and 3-hydroxy-2-acetylcarbamyl-1-thionaphthen (111; R= 
Ac). It is evident that displacement of the 1-propionyl group by acetyl takes place at 
some stage in the reaction and is incomplete as shown by the isolation of 3-propionamide- 
1-thionaphthen. The fact that the propionyl group was not displaced from 3-propion- 
amido-l-thionaphthen by further heating with acetic anhydride and potassium acetate 
suggests that the displacement takes place at the initial stage. Attempts to isolate 1- 
acetylbenzisothiazolone by heating 1-propionylbenzisothiazolone with these reactants at 
various temperatures were unsuccessful, the material either being recovered unchanged 
or undergoing the reaction described. When, however, 1-chloroacetylbenzisothtazolone (I; 
R = CO-CH,Cl) was heated with the reactants at 70°, displacement took place with 
formation of l-acetylbenzisothiazolone, thus confirming that the displacement of the 1- 
substituent takes place in the benzisothiazolone and not at some subsequent stage. 
Condensation at 95° gave 3-hydroxy-2-acetylcarbamyl-1l-thionaphthen; at 115°, 3-acet- 
amido-l-thionaphthen was obtained in addition to 3-hydroxy-2-acetyl-1-thionaphthen. 
It appears that raising the temperature favours the formation of the acetamidothio- 
naphthen at the expense of the acetylcarbamylthionaphthen. 

The benzoyl derivative (I; R= Bz) reacts with acetic anhydride and potassium 
acetate in a similar way to the propionyl derivative, yielding 3-hydroxy-2-acetyl-1-thio- 
naphthen, 3-acetoxy-1-thionaphthen, 3-hydroxy-2-acetylcarbamyl]-1-thionaphthen, 3-acet- 
amido- and 3-benzamido-l-thionaphthen (II; R= Bz). The last was identified by 
means of its 2-nitro-derivative. 

The phenylacetyl derivative (I; R = CO-CH,Ph) yielded under similar conditions 
3-hydroxy-2-acetyl-1-thionaphthen, 3-phenylacetamido-1-thionaphthen (II ; R = CO-CH,Ph) 
and 3-hydroxy-2-acetylcarbamyl-1-thionaphthen. 

3-Acetoxy-l-thionaphthen was not identified as a product of either the chloroacetyl 
or the phenylacetyl derivative. A trace of an alkali-insoluble oil was obtained with 
similar properties, but it did not appear to give acetanilide with aniline (compare 
McClelland and D’Silva, Joc. cit.). It is concluded that, if 3-acetoxy-1-thionaphthen was 
formed, it was present in only very small amounts. 

The formation of 3-hydroxy-2-acetylcarbamyl-l-thionaphthen (III; R= Ac) is 
common to these reactions. Further investigation of the action of acetic anhydride and 
potassium acetate on the unsubstituted benzisothiazolone (I; R = H) has led to the 
isolation of the acetylcarbamylthionaphthen from this source also. It is noteworthy that, 
when the condensation was effected at 70°, 3-hydroxy-2-acetylcarbamyl-1-thionaphthen 
was obtained in greater quantity than 3-acetamido-l-thionaphthen, whereas at 110° the 
3-acetamido-1-thionaphthen was formed in excess. The observation, made in the case of 
the chloroacetyl derivative, that the higher temperature favours the formation of the 
acetamidothionaphthen is thus confirmed. 

. The structure assigned to 3-hydroxy-2-acetylcarbamyl-l-thionaphthen has been con- 
firmed by its synthesis*and reactions. 2-Thiolbenzoic acid was condensed with chloro- 











[1940] The Reaction of Some Acylbenzisothiazolones, etc. 325 


acetamide, giving 2-carboxyphenylthiolacetamide (IV), which, heated with acetic anhydride, 
gave 3-hydroxy-2-acetylcarbamyl-l-thionaphthen. The substance gives an acetyl deriv- 
ative (III; R= Ac; AcO instead of OH) and is hydrolysed by aqueous alkali at room 
temperature to 2-carbamy-l-thionaphthen (III; R= H). More vigorous hydrolysis by 
boiling with alkali gives 3-hydroxy-1-thionaphthen and ammonia. 
3-Hydroxy-2-acetylcarbamyl-1-thionaphthen reacts with acetic anhydride and potas- 
sium acetate to give a mixture of 3-hydroxy-2-acetyl-l-thionaphthen and 3-acetoxy-l- 
thionaphthen, which suggests that these thionaphthen derivatives are at least partly 
derived from this source in the reaction of a benz#sothiazolone with acetic anhydride and 
potassium acetate. 

Comparison of the results obtained in the acylbenzisothiazolone series with those in 
the alkyl- or aryl-benzisothiazolone series shows a marked similarity. In both series the 
benztsothiazolone is transformed into hydroxythionaphthen derivatives of the types (III, 
V, VI). In the aikyl or aryl-series the radical attached to the nitrogen of the benziso- 
thiazolone is not displaced, whereas in the acyl series the radical is wholly or partly 
displaced by acetyl. In the alkyl or aryl series aminothionaphthens of the type (II) have 
not been isolated, but the possibility of their formation cannot be excluded. 

The requisite l-acylbenzisothiazolones ‘were prepared by direct acylation of benziso- 
thiazolone. In order to confirm that the benzisothiazolones prepared in this way were 
the N-derivatives and not the O-derivatives they were also prepared by chlorinating 
2 : 2’-dithiobenzoyl chloride (VII) and condensing the product (VIII) with the appropriate 
amide. The acylbenzisothiazolones obtained by either method were identical. 

3-Propionamido-1l-thionaphthen (II; R = CO-C,H,) required for comparison in the 
above investigation was prepared by direct propionylation of 3-amino-l-thionaphthen. 
Like the corresponding acetyl derivative (compare McClelland; McClelland and D’Silva) 
it yields a 2-nitro- and a 2-bromo-derivative. The 2-nitro-derivatives of 3-benzamido-l- 
thionaphthen and 3-phenylacetamido-1-thionaphthen have also been prepared. 


: EXPERIMENTAL. 
1-Propionylbenzisothiazolone (1; R = CO*C,H,).—Benzisothiazolone (2 g.) and propionic 
anhydride (10 c.c.) were heated for 1 hour at 100°. The product, which separated on cooling, 
crystallised from alcohol in white plates, m. p. 144° (Found: C, 57-7; H, 4:7. C,,H,O,NS 
requires C, 57-9; H, 4-4%). 

1-Chloroacetylbenzisothiazolone (I; R = CO*CH,Cl), obtained by heating benzisothiazolone 
(1 g.) and chloroacetic anhydride (1 g.) for 2 hours at 100°, crystallised from alcohol in yellow 
needles, m. p. 171° (Found: C, 47-2; H, 2-9. C,H,O,NCIS requires C, 47-5; H, 2-6%). 1- 
Chloroacetylbenzisothiazolone (0-5 g.) was refluxed with acetic acid (3 c.c.) for 30 minutes; 
l-acetylbenzisothiazolone separated on addition of water to the solution. 

1-Phenylacetylbenzisothiazolone (1; R = CO*CH,Ph) was obtained when phenylacetyl 
chloride (2 c.c.) was added to a solution of benzisothiazolone (2 g.) in pyridine (5 c.c.) at 0°, 
and the precipitated material washed with 2n-hydrochloric acid. It crystallised from alcohol 
in white plates, m. p. 137° (Found: C, 67-1; H, 4:1. C,,H,,O,NS requires C, 66-9; H, 
41%). 

Phe above l-acylbenzisothiazolones were also obtained as follows: Chlorine was bubbled 
through a suspension of 2 : 2’-dithiobenzoyl chloride (10 g.) in carbon tetrachloride (80 c.c.). 
Excess of chlorine was removed by nitrogen, and the solution added to the appropriate amide 
(1-2 mols.) dissolved in about three times its weight of pyridine. The required 1l-acylbenziso- 
thiazolone was precipitated by the addition of 2n-hydrochloric acid. 1-Benzoylbenziso- 
thiazolone prepared by this method had m. p. 170° alone or mixed with a specimen prepared 
by the method of Reissert and Manns (Ber., 1928, 61, 1308). 

Condensation of the Acylbenzisothiazolones with Acetic Anhydride and Potassium Acetate.— 
The acylbenzisothiazolone in lots of 2 g., freshly fused potassium acetate (2-5 mols.), and 
acetic anhydride (10 mols.) were heated together at various temperatures and for different 
times as indicated. The product was poured into water and distilled in steam. The steam- 
distillate was extracted with ether, and the ethereal solution extracted with 2n-sodium 
hydroxide. Acidification of the alkaline extract gave the 3-hydroxy-2-acetyl-1-thionaphthen. 
Evaporation of the ethereal solution gave 3-acetoxy-l-thionaphthen unless otherwise stated. 
The treatment of the residue after steam-distillation varied with individual cases as follows : 


326 The Reaction of Some Acylbenzisothiazolones, etc. 


Reaction of 1-propionylbenzisothiazolone. At 115° for 15 minutes. The residue after steam- 
distillation consisted of a tarry material and an aqueous liquor, which were separated. The 
tarry material was extracted three times with successive quantities (5 c.c.) of hot acetic acid. 
The solids deposited from the cooled extracts were washed with aqueous sodium carbonate. 
The residue insoluble in sodium carbonate from the first extract after purification from 
benzene was identified as 3-acetamido-l-thionaphthen. The residue insoluble in sodium 
carbonate from the third extract v a3 purified from aqueous acetic acid and was identical 
with 3-propionamido-l-thionaphther prepared as described later. The residue from the 
second extract was a mixture of these acylamidothionaphthens. The aqueous liquor from 
the steam-distillation and the combined sodium carbonate washings gave on acidification 
3-hydroxy-2-acetylcarbamyl-1-thionaphthen (III; R = Ac), which was synthesised as described 
later. 

Reaction of 1-chloroacetylbenzisothiazolone. (i) At 70° for lhour. The solid which separated 
from the steam-distillate was l-acetylbenzisothiazolone; no other products were obtained. 

(ii) At 95° for 26 minutes. The residue from the steam-distillation was filtered hot. The 
filtrate, on cooling, deposited 3-hydroxy-2-acetylcarbamyl-1-thionaphthen. 

(iii) At 115° for 20 minutes. 3-Acetoxy-l-thionaphthen was not identified in the steam- 
distillate. Traces of an oil with similar properties were isolated. The residue from the 
steam-distillation was filtered hot. The filtrate, on cooling, deposited 3-acetamido-1-thio- 
naphthen. 

Reaction of 1-phenylacetylbenzisothiazolone. At 100° for 30 minutes. 3-Acetoxy-1-thio- 
naphthen was not identified in the steam-distillate. Traces of an oil similar to that obtained 
in the previous experiment were obtained. After steam-distillation the aqueous solution was 
decanted from the oily material. Acidification of the solution gave 3-hydroxy-2-acetylcarb- 
amyl-l-thionaphthen. The oily material was extracted with hot alcohol. The extract, on 
cooling, deposited 3-phenylacetamido-1-thionaphthen, which crystallised from alcohol in colour- 
less prisms, m. p. 76° (Found: C, 71-8; H, 4-5. C,.H,,ONS requires C, 71-9; H, 4-9%). 

3-Phenylacetamido-1-thionaphthen (0-3 g.) in acetic acid (3 c.c.) and 2n-nitric acid (1 c.c.), 
heated for 10 minutes at 100°, gave a nitro-derivative, which crystallised from alcohol in 
yellow needles, m. p. 181° 

Reaction of 2-benzoylbenzisothiazolone. At 105—110° for 20 minutes. The solid residue 
from the steam-distillation, fractionally crystallised from alcohol, gave 3-acetamido-1-thio- 
naphthen and an impure material, from which 2-nitro-3-benzamido-l-thionaphthen was 
obtained by heating in acetic acid with 2n-nitric acid. Acidification of the residual liquid 
from the steam-distillation gave 3-hydroxy-2-acetylcarbamyl-1-thionaphthen. 

Reaction of benzisothiazolone (4 g.). (i) At 110° for 30 minutes. The residue after steam- 
distillation, on cooling, deposited 3-acetamido-1-thionaphthen (1-5 g.), which was filtered off. 
The filtrate on acidification gave 3-hydroxy-2-acetylcarbamyl-1-thionaphthen (0-2 g.). 

(ii) At 70° for 14 hours. 3-Acetamido-l-thionaphthen (0-5 g.) and 3-hydroxy-2-acetyl- 
carbamyl-1-thionaphthen (1‘5 g.) were obtained. 

(iii) At 50° for 1 hour. 1-Acetylbenzisothiazolone only was obtained. 

3-Propionamido-\-thionaphthen (II; R = CO*C,H,).—3-Amino-l-thionaphthen (Fries and 
Hemmecke, Annalen, 1929, 470, 1), heated with excess of propionic anhydride at 100°, gave 
3-propionamido-1-thionaphthen, which crystallised from dilute propionic acid in colourless 
needles, m. p. 115° (Found: C, 64-1; H, 5-7. C,,H,,ONS requires C, 64-4; H, 5-4%). 

3-Propionamide-1l-thionaphthen (0-2 g.) in acetic acid (1 c.c.) and 2n-nitric acid (0-5 c.c.) 
was heated at 100° for 15 minutes. The nitro-derivative which separated on cooling crystal- 
lised from aqueous alcohol in yellow needles, m. p. 171°. 

2-Bromo-3-propionamido-1-thionaphthen.—Bromine (0-2 g.) in chloroform (6 c.c.) was added 
to a solution of 3-propionamido-1l-thionaphthen (0-2 g.) in chloroform. Evaporation of the 
chloroform gave the required material, which crystallised from alcohol in white needles, 
m. p. 156° (Found: Br, 27-5. C,,H,,ONBrS requires Br, 28-1%). 

2-Niivo-3-benzamido-1-thionaphthen.—3-Benzamido-1-thionaphthen (0-5 g.) was heated with 
2n-nitric acid (2 c.c.) in acetic acid for § minutes. The material precipitated by addition of 
water crystallised from alcohol in yellow needles, m. p. 180° (Found: C, 60-6; H, 3-9. 
C,5H,,0,N,S requires C, 60-4; H, 3-4%). 

2-Carboxyphenylthiolacetamide (IV).—Chloroacetamide (6-2 g.) was added to a solution of 
2-thiolbenzoic acid (10 g.) in 2N-sodium hydroxide (65 c.c.). After 2 hours, the mixture was 
acidified; the precipitated material crystallised from alcohol in white needles, m. p. 210° 
(Found: C, 61-5; H, 42. C,H,O,NS requires C, 51-2; H, 43%). 
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3-Hydroxy-2-acetylcarbamyl-1-thionaphthen (II1; R = Ac).—2-Carboxyphenylthiolacetamide 
(5 g.) was refluxed with acetic anhydride (10 c.c.) for 1 hour. Addition of water precipitated 
the required material, which crystallised from alcohol in white plates, m. p. 204° (Found: C, 
66-1; H, 3-8; N, 5-7; S, 13-0. C,,H,O,NS requires C, 66-1; H, 3-9; N, 60; S, 136%). It 
is soluble in aqueous sodium carbonate with a mauve fluorescence, gives a green coloration 
with alcoholic ferric chloride, and is readily oxidised to thioindigotin in alkaline solution by 
potassium ferricyanide. 

3-Hydroxy-2-acetylcarbamyl-l-thionaphthen (1 g.) in acetic anhydride (0-5 c.c.) and 
toluene (10 c.c.) was refluxed for 1 hour. Addition of light petroleum precipitated 3-acetoxy- 
2-acetylcarbamyl-1-thionaphthen (III; R = Ac, with OAc instead of OH), which crystallised 
from benzene—petroleum in white needles, m. p. 130° (Found: S, 11-7. C,,H,,0,NS requires 
S, 116%). It gives no coloration with alcoholic ferric chloride and is hydrolysed to 2-carb- 
amyl-1-thionaphthen on standing in 2N-sodium hydroxide at room temperature for 2 hours. 

3-Hydroxy-2-acetylcarbamyl-1-thionaphthen (1 g.), acetic anhydride (5 c.c.), and potassium 
acetate (1-2 g.), heated at 110° for 30 minutes, gave 3-hydroxy-2-acetyl-l-thionaphthen and 
3-acetoxy-1-thionaphthen, which were isolated by steam-distillation in the usual way. The 
reaction was incomplete, 

3-Hydroxy-2-carbamyl-1-thionaphthen (III; R= H).—A solution of 3-hydroxy-2-acetyl- 
carbamyl-l-thionaphthen (1 g.) in 2n-sodium hydroxide (50 c.c.) was acidified after 24 hours. 
The precipitated material crystallised from alcohol in white needles, m. p. 208° (depression 
with starting material) (Found: N, 7-0. C,H,O,NS requires N, 7-2%). It gives a blue 
coloration with alcoholic ferric chloride and is oxidised to thioindigotin by alkaline potassium 
ferricyanide. 


Kinc’s CoLLEGE, LONDON. [Received, December 13th, 1939.] 









67. Studies on Vitamin E. Part VII. Further Investigations 
on Homologues of «-Tocopherol. 


By (Miss) A. Jacos, F. K. Sutciirre, and A. R. Topp. 


The synthesis of lower homologues of «-tocopherol by condensation of quinol and 
toluquinol monobenzoates with phytol, followed by removal of the benzoyl groups, is 
described; the tocopherols obtained showed no vitamin E activity in doses of 50 mg. 
In the case of quinol monobenzoate the material obtained on condensation with phytol, 
followed by hydrolysis, appeared to consist largely of the tocopherylquinol (II), 
which could be cyclised by acid treatment, yielding the tocopherol (I; R = H). 
Condensation of 1 : 4-dihydroxy-2-methylnaphthalene with phytol under conditions 
normally used for tocopherol syntheses gave an oil which apparently consisted largely 
of quinones related to vitamin K; this oil appeared to contain little or no vitamin E 
active material. ~ 

Earlier observations (Part VI; J., 1939, 542) on the high degree of activity shown 
by m-xylotocopherol have been confirmed by further biological tests; this substance 
closely approaches «a-tocopherol in physiological potency. 


In previous publications (Part V, J., 1938, 1382; Part VI, J., 1939, 542) dealing with 
homologues of a-tocopherol syntheses of tocopherols containing but two methyl substituents 
in the aromatic nucleus were described. These substances may be regarded as condensa- 
tion products of the three isomeric xyloquinols with phytol. In extension of this work 
tocopherols derived from toluquinol and from quinol itself were synthesised and the results 
are now recorded. 

6-Hydroxy-2 : 8-dimethyl-2-(4' : 8’ : 12'-trimethyltridecyl)chroman (I; R = Me) was syn- 
thesised by condensation of 2-hydroxy-5-benzoyloxytoluene with phytol, followed by removal 
of the benzoyl group and purification by chromatographic analysis. The product re- 
sembled the natural tocopherols in chemical properties, but neither the allophanate nor 
the p-nitrophenylurethane could be obtained in a satisfactory crystalline condition. The 
substance showed no biological activity in rats when tested in 50 mg. doses. Karrer and 
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Fritzsche (Helv. Chim. Acta, 1939, 22, 260) have described a product obtained by direct 
condensation of toluquinol with phytyl bromide, but their product may well have been a 
mixture of three isomers (methyl group at 5, 7 or 8). The preparation of 6-hydroxy-2- 
methyl-2-(4’ : 8’ : 12'-trimethyliridecyl)chroman (I; R = H) from quinol monobenzoate and 
phytol proved more troublesome. The usual procedure of heating in decalin with anhy- 
drous zinc chloride being used, a product was obtained which, after hydrolysis and repeated 
adsorption on aluminium oxide, furnished a low yield of product which evidently consisted 
mainly of the required substance. An attempt was made to effect condensation of the 
benzoate with phytol by heating with anhydrous formic acid, but the materials were re- 
covered unchanged. . This method has been successfully used by Karrer and his collabor- 
ators for the condensation of free quinols with phytol: its failure here is doubtless due to 
the lower reactivity of the monobenzoate as compared with the.quinol. Repetition of the 
condensation with zinc chloride and decalin under milder conditions showed that, after 
hydrolysis, the main product was an oil, C,,H,,O3, having the reducing properties of a 
quinol. The most probable explanation seemed to be that this product had the mono- 
cyclic structure (II); an active-hydrogen estimation gave low results, suggesting that, as 
isolated, the product is a mixture of (II) with the corresponding quinone, which may arise 
during the hydrolysis of the condensation product. In accordance with this view of its 
nature, the oil, on refluxing with zinc dust and hydrobromic acid in acetic acid solution, 
afforded a pale yellowish oil which had the properties expected of the required chroman 
derivative. It was characterised as its acetate, obtained as a stable colourless liquid. 
Biological tests were carried out on rats with a slightly impure preparation which had not 
been acetylated; doses of 50 mg. were ineffective. 


(II.) 


In Part VI (J., 1939, 542) it was reported that interim results of biological tests on the 
condensation product of m-xyloquinol and phytol (IIT) indicated that it was fully active in 
rats at a dosage of 3 mg.; this result was confirmed. In view of the high degree of activity 
of this material it was desirable to have the tests repeated in another laboratory, since 
differences in biological activity recorded by different investigators are frequently due to 
differences in technique when no standard preparation is in general use. Dr. V. Demole 
of Messrs. Hoffmann-La Roche and Co., Basle, to whom we are deeply grateful, kindly 
tested our material (purified via the p-nitrophenylurethane) in his laboratory. He re- 
ported, in accordance with our results, that 3 mg. and 5 mg. doses of the substance gave 
100% response and 2 mg. doses 70% response in rats. Karrer,; Koenig, Ringier, and Salo- 
mon (Helv. Chim. Acta, 1939, 22, 1139) report that their preparation of this tocopherol, 
purified via the allophanate, showed 100% activity at a dose of 10 mg. (confirming their 
earlier value) and only 66% activity at a dose of 5 mg. It is difficult to explain these 
discrepancies on the basis of variations in the tests, since our results were obtained in two 
different laboratories, one of which also carried out biological tests for the Swiss workers. 
We must therefore adhere to the view that our substance (III) has a biological activity 
almost as great as that of natural a-tocopherol. The difference is the more remarkable as 
our values for the activity of the tocopherols from o- and #-xyloquinols (5 mg. and 10 mg.) 
agree substantially with those of the Swiss workers (6 mg. and 10 mg.). The only apparent 
difference in the experiments of the two groups of workers is that Karrer and his collabor- 
ators purified their tocopherol before testing via the allophanate while we used the 
p-nitrophenylurethane. Since the condensation of m-xyloquinol with natural (racemic) 
phytol, which contains two asymmetric centres, introduces a third asymmetric centre (at 
position 2), it is clear that the synthetic material cannot be a simple racemate or racemic 
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mixture but must be a mixture of stereoisomers. This raises the possibility that the 
different degrees of physiological activity recorded might have their origin in stereochemical 
differences in the synthetic materials tested. The fact that natural «-tocopherol and the 
synthetic product have approximately the same biological activity does not necessarily 
preclude the possibility of stereochemical configuration being of importance in the vitamin 
E group, particularly when it is realised that the biological test method has a considerable 
margin of error. This point seems worthy of further investigation, especially as the 
stereochemistry of the tocopherols must be worked out before rigid identification of the 
natural vitamins E is possible. 

Karrer, Koenig, Ringier, and Salomon (loc. oit.), referring to the synthesis of toco- 
pherols from o- and p-xyloquinols, state that, contrary to our view, the use of monobenzo- 
ates as starting materials is unnecessary. We wish to take this opportunity of pointing 
out that we have never claimed the use of quinol esters to be necessary, although we still 
consider it preferable to the use of free quinols save where the location of substituents 
(as in m-xyloquinol) precludes the possibility of side reactions. 

As regards the structural specificity of vitamin E activity it seems clear that removal 
of two or three methyl groups from the aromatic nucleus of «-tocopherol gives compounds 
of negligible activity. Removal of one methyl group from «-tocopherol reduces the acti- 
vity somewhat, but in the case of the 5 : 7-dimethyl compound the diminution in activity 
is very small. It seemed, therefore, of interest to attempt the synthesis of a tocopherol 
analogue from 1 : 4-dihydroxy-2-methylnaphthalene and phytol; this substance, like 
a-tocopherol, would have all positions in the hydroxylated aromatic nucleus substituted. 
Condensation of the two substances was carried out in decalin solution in presence of zinc 
chloride. The product proved to be a complex mixture consisting to a large extent of a 
yellowish-brown oil with the reactions of a quinone and a spectrum reminiscent of that 
exhibited by the antihemorrhagic factor, vitamin K. Attempts to isolate homogeneous 
materials from it by adsorption on aluminium oxide, followed by reductive acetylation and 
distillation in a high vacuum, were unsuccessful. At the period when these experiments 
were being carried out (July—August, 1939) it became known through the work of Doisy 
et al. (J. Amer. Chem. Soc., 1939, 61, 1928, 2558), Fieser e¢ al. (ibid., pp. 1925, 2559), and 
Almquist and Klose (ibid., p. 2558) that vitamin K, is 2-methyl-3-phytyl-1 : 4-naphtha- 
quinone (IV) and can be synthesised from 1 : 4-dihydroxy-2-methylnaphthalene and phytol 
by condensation under mild conditions in presence of anhydrous oxalic acid (Fieser, loc. cit., 
p. 2559). It was thus clear that our products contained, as we suspected, mainly quinones 
related to vitamin K, together probably with some of the desired tocopherol. As samples 
of our partly purified products showed no vitamin E activity in doses of 250 mg., and in 
view of the synthetic work on vitamin K, in other laboratories, the condensation was not 
further investigated. A brief account of our results is given in the experimental section 
of this paper. 

It is an interesting fact that both vitamin E and K are condensation products of phytol 
with quinols or quinones, although their functions in the animal organism are apparently 
quite different. There is at present little information available as to the mode of action 
of these vitamins, but it seems reasonable to suppose that they form components of oxi- 
dation-reduction systems. It might therefore be possible for vitamins E and K to show 
some degree of interchangeability. The reported activity of «-tocopherylquinone as 
vitamin E (Emerson, Emerson, and Evans, J. Biol. Chem., 1939, 131, 409).and as vitamin K 
(Kuhn, Wallenfels, Weygand, Moll, and Hepding, Naturwiss., 1939, 57, 518) would, if 
confirmed, be of considerable importance in this connection. 










EXPERIMENTAL. 


Benzoylation of Toluquinol.—Benzoyl chloride (4-8 ¢.c.) was gradually added with shaking 
to an ice-cooled solution of toluquinol (5 g.) in dry pyridine (50 c.c.). The mixture was main- 
tained at 0° during 2 hours, left overnight, and poured on ice and dilute sulphuric acid, The 
aqueous suspension was extracted with ether, and the extract washed successively with acid, 
sodium carbonate solution, and water, dried, afid evaporated. The residual oil was dissolved 
in the minimum quantity of methyl alcohol: on cooling, toluquinol dibenzoate separated in 
Z 


330 Jacob, Sutcliffe, and Todd: 


colourless needles. Recrystallised from methyl alcohol, it had m. p. 122° (Found: C, 75-8; 
H, 5-0. (C,,H,,0O, requires C, 75-9; H,4:8%). Yield, 1-6g. 

The methyl-alcoholic mother-liquors from the above yielded on dilution with water tolu- 
quinol monobenzoate. After several recrystallisations from light petroleum (b. p. 80—100°) 
it had m. p. 113—114° (Found: C, 73-7; H, 5-3. C,,H,,O, requires C, 73-6; H, 5-3%). Yield, 
45g. The orientation of this substance as 2-hydroxy-5-benzoyloxytoluene is deduced by analogy 
with the mono-alkylation of toluquinol (cf. Nietzki, Annalen, 1882, 215, 165; Bamberger, ibid., 
1912, 390, 175). 

6-Hydroxy-2 : 8-dimethyl-2-(4' : 8’ : 12'-trimethyliridecyl)chroman (I; R = Me).—2-Hydroxy- 
5-benzoyloxytoluene (2-3 g.) and phytol (3-5 g.) were heated under reflux in dry decalin (30 c.c.) 
in presence of anhydrous zinc chloride (1-5 g.) during 4 hours in a nitrogen atmosphere. The 
mixture was cooled, and the solution decanted and diluted with light petroleum (b. p. 40—60°), 
After filtering from a trace of unchanged benzoate, the solution was evaporated, the decalin 
removed under reduced pressure, and the residual oil hydrolysed by refluxing during 45 minutes 
in a nitrogen atmosphere with methyl-alcoholic potassium hydroxide (25 c.c. of 5%). The 
mixture was poured into n/2-hydrochloric acid (50 c.c.) and extracted with peroxide-free ether. 
After being washed thoroughly with sodium carbonate solution and with water, the ethereal 
extract was evaporated, and the brown oil redissolved in light petroleum (b. p. 40—60°). After 
filtering from toluquinol (0-2 g.), the solution was allowed to flow down a column of activated 
aluminium oxide (Merck) (30 g.), the column being then washed with benzene until the runnings 
were colourless. The combined runnings on evaporation yielded a brownish oil (3-2 g.) devoid 
of reducing properties; this was discarded. After removal of a narrow brown layer at the top 
the column was cut into three approximately equal portions, which were separately eluted with 
acetone-ether (1:1). The lowest layer gave a trace of material with very feeble reducing 
properties. The top and the middle portion gave brownish oils (650 mg. and 500 mg.), both of 
which reduced neutral silver nitrate solution on warming and had similar absorption spectra. 
These were combined and purified by a second adsorption on aluminium oxide. The product 
was a yellowish oil (Found: C, 79-9; H, 11-2. C,,H,,O, requires C, 80-7; H, 11-4%). It 
reduced methyl-alcoholic silver nitrate solution on warming and gave a yellow colour with a 
mixture of concentrated sulphuric acid and glacial acetic acid. Its absorption spectrum in 
alcohol showed a maximum at 3010 a. (¢ 3560) and a minimum at 2610 a. 

6-Hydroxy-2-methyl-2-(4' : 8’ : 12'-tvimethyliridecyl)chroman (I; R = H).—(a) Condensation 
of quinol monobenzoate (2-1 g.) with phytol (3-5 g.) was carried out under the same conditions 
asabove. After hydrolysis of the product a brown oil (3-9 g.) was obtained which was submitted 
to adsorption on activated aluminium oxide (Merck). As before, the upper two-thirds of the 
column contained an oil (750 mg.) which had reducing properties. Repeated purification by 
adsorption gave ultimately a yellowish oil which seemed to consist mainly of the desired pro- 
duct (Found: C, 80-6; H, 12-1. C,,H,,O, requires C, 80-4; H, 113%). It reduced methyl- 
alcoholic silver nitrate solution on warming, and with a mixture of concentrated sulphuric and 
glacial acetic acid gave a yellow colour rapidly becoming green. Its alcoholic solution had an 
absorption maximum at 3005 a. (ec 2440) and a minimum at 2400a. The p-nitrophenylurethane 
and the allophanate prepared from this product could not be crystallised. 

(b) In an attempt to improve the preparation, condensation of quinol monobenzoate with 
phytol was attempted by refluxing the mixture with formic acid (99—100%) during 5 hours, 
a current of nitrogen being passed continuously through the reactants to ensure proper mixing ; 

‘all the monobenzoate was recovered unchanged. 

(c) Quinol monobenzoate (6 g.), phytol (8 g.), and anhydrous zinc chloride (4 g.) were heated 
together in dry decalin (100 c.c.) in a nitrogen atmosphere during 4 hours at 140—160° (bath 
temp.). “ After cooling and decanting, unchanged monobenzoate (3 g.) was precipitated by 
addition of light petroleum (b. p. 40—60°), and the filtrate washed with water, dried over sodium 
sulphate, and evaporated, the decalin being removed ina vacuum. The dark brown oil obtained 
was hydrolysed by refluxing in a nitrogen atmosphere with methyl-alcoholic potassium hydrox- 
ide (4%), and the product extracted with peroxide-free ether, transferred to light petroleum 
(b. p. 40—60°), and submitted to chromatographic analysis. 

lst Chromatogram. The light-petroleum solution was allowed to flow through a column of 
aluminium oxide (200 g.; Birmingham Electric Co., Ltd.), and the column washed first with 
benzene-light petroleum (1:1) and then with benzene until nothing further came through. 
The runnings gave in all 2-8 g. of a brownish non-reducing oil, which was discarded. After 
removal of a small brownish ring at the top the pale tan-coloured column was cut into two 
equal parts, which were separately eluted with acetone. The upper portion gave an oil (A) 
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(2-1 g.) which reduced methyl-alcoholic silver nitrate readily in the cold and gave with concen- 
trated sulphuric and glacial acetic acid a yellowish-green colour becoming olive-green. The 
lower part gave an oil (B) (2-1 g.) with feebler but distinct reducing properties towards cold 
silver nitrate; with concentrated sulphuric-glacial acetic acid it gave a yellowish-green colour. 

2nd Chromatogram. The oil (A), dissolved in light petroleum, was resubmitted to adsorp- 
tion on aluminium oxide (Merck), the column being washed with benzene-light petroleum 
(1:1). The chromatogram was washed with benzene until nothing more came through. 
From the runnings and washings a little oil was obtained (250 mg.). The column, apart from a 
narrow brownish ring at the top, which was discarded, was tan-coloured and was cut arbitrarily 
into four parts (numbered 1—4 downwards), each part being eluted separately with acetone 
to yield a yellowish oil. 

Eluate 1 (0-27 g.) reduced neutral silver nitrate readily in the cold and gave an olive-green 
colour with concentrated sulphuric-glacial acetic acid (Found: C, 76-9; H, 11-3. C,,H,,O, 
requires C, 76-9; H, 11-4%). Its absorption spectrum in alcohol had a maximum at 2990 a. 
(E}%,, = 82-8) and a minimum at ca. 2600a. These properties correspond to those of a quinol 
derivative, but active-hydrogen estimation gave values corresponding to two hydroxyl groups. 
Eluate 2 (0-38 g.) was similar in properties (Found : C, 76-9; H, 11-4%), as was eluate 3 (0-37 g.). 
Eluate 4 (0-30 g.) reduced neutral silver nitrate in the cold rather more slowly than the others 
(Found: C, 76-3; H, 10-5%). 

3rd Chromatogram. The oil (B), dissolved in light petroleum, was adsorbed on aluminium 
oxide (Merck) in the same way as oil (A). The quantity of non-reducing oil washed through 
in this case was considerable (0-9 g.), but the material remaining in the column (1-1 g.) was simi- 
lar to that obtained from the column in the 2nd chromatogram (above) (Found: C, 77-0; 
H, 11-3%). 

The eluted materials from chromatograms 2 and 3 were combined (2-4 g.) and dissolved in 
glacial acetic acid (20 c.c.). After addition of a solution of hydrogen bromide in acetic acid 
(2 c.c. of 50%) and zinc dust (0-7 g.) the mixture was refluxed for 15 minutes, the brownish 
solution becoming nearly colourless. The mixture was cooled, poured on ice, and extracted 
with peroxide-free ether. After evaporation of the ethereal extract the yellowish oil (2-1 g.) 
was dissolved in light petroleum and adsorbed on aluminium oxide (Merck), the column being 
washed with benzene—light petroleum (1:1). The washings were discarded together with the 
small coloured layer at the top of the column. The remainder of the column, on elution with 
acetone, gave an oil which, like the natural tocopherols, did not reduce neutral silver nitrate 
in the cold, although reduction took place slowly on warming. Analysis indicated that it 
was not quite pure (Found: C, 79-3; H, 11-5. C,,H,,O, requires C, 80-4; H, 11-4%). The 
oil was oxidised fairly rapidly in air, becoming brownish. It was purified by acetylation with 
acetic anhydride in presence of fused sodium acetate and a trace of zinc dust. The acetate, a 
stable colourless oil, distilled at 190—195° (bath temp.)/10-* mm. (Found: C, 77-9; H, 10-7. 
C,,H,,O, requires C, 78-1; H, 10-8%). The absorption spectrum of the acetate in alcoholic 
solution had a maximum at 2860 a. (c 2590) and a minimum at 2580 a. 

Condensation of 1 : 4-Dihydroxy-2-methylnaphthalene with Phytol.—1 : 4-Dihydroxy-2-methyl- 
naphthalene (6 g.), phytol (10 g.), and anhydrous zinc chloride (9 g.) were heated in boiling 
decalin (150 c.c.) during 4 hours. After working up in the usual manner, the clear brownish 
oil (14 g.) was dissolved in light petroleum (b. p. 40—60°) and submitted to chromatographic 
analysis on aluminium oxide (Merck) (400 g.). After being developed with light petroleum, the 
column showed two narrow brown and yellow bands at the top, followed by larger blue-grey, 
pale yellow, grey, vivid yellow, and purple bands. The column was washed with benzene— 
light petroleum (1:1); a reddish-yellow oil (6-5 g.) passed through. Increasing the benzene 
concentration to 80% gave a further small amount (0-5 g.) of similar material. Subsequent 
washing with pure benzene eluted negligible quantities. This oil gave a red colour with a mix- 
ture of concentrated sulphuric and glacial acetic acid and showed no reducing properties towards 
neutral silver nitrate. It was reduced readily by zinc and dilute sulphuric acid to a pale oil 
with strong reducing properties towards cold neutral silver nitrate and its alcoholic solution 
showed absorption maxima at 2480 a. (E}%,, = 271) and 2940a. The material remaining in the 
column (ca. 2-5 g.) possessed marked reducing properties, which were increased by treatment 
with zinc and sulphuric acid. In alcoholic solution it showed absorption maxima at 2420 a., 
2750 a., and 3210 a. 

Efforts to obtain homogeneous products from these materials by chromatography or ‘mole- 
cular distillation gave unsatisfactory results. Reductive acetylation, followed by molecular 
distillation, gave products with principal absorption maxima at 2750 a. (E}%,, = 427) and 
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2650 a. (E}%,,, = 259). These acetylated products deposited small amounts of waxy solids on 
standing in contact with methyl alcohol for long periods. 


The authors’ thanks are due to Miss A. M. Copping (Medical Research Council grantee) for 
biological testing carried out at the Lister Institute and to Messrs. Roche Products, Ltd., for 
generous gifts of material. 


UNIVERSITY OF MANCHESTER, [Received, January 29th, 1940.] 





68. The Associating Effect of the Hydrogen Atom. Part VI. 
The Acid Hydrazides. 


By HerBert T. Hayes and Louis HunTER. 


By molecular-weight determinations in naphthalene solution, and by observations 
of solubility, it is shown that the acid hydrazides are associated. The association is 
due to the formation of hydrogen bonds between the oxygen of the acyl group and, 
primarily, the hydrogen of the adjacent imino-group; to a much less extent bonding 
can occur with the hydrogen of the second imino-group. The bearing of these facts 
on the tautomerism of the hydrazides is discussed, 


THE similarity between amides (I) and hydrazides (II) indicated by their formal con- 
stitution was the subject of thorough investigation by Curtius, Stollé, and their co- 
workers some 40 years ago. In view of this resemblance it appeared likely that the state 
of molecular association shown by the amides (for references see Part I, J., 1937, 1114) 
might also prevail in the hydrazides, and a series of molecular-weight determinations of 
substances of this class has been undertaken. From the results obtained it would appear 
that, provided the imino-group adjacent to the acyl group remains unsubstituted, 
association is general, but that replacement of the imino-hydrogen atom by alkyl, ary], 
or acyl groups considerably reduces, or even entirely prevents, association. The associ- 
ation is therefore attributed to hydrogen-bond formation between the -CO-NH- groups 
in separate molecules, of a type similar to that suggested for the amides and sulphon- 
amides (loc. cit., p. 1116). 


R-CO-NHR’ R:CO-NH:NHR’ R-CO*"NR’*NHR’ 
(I.) (II; Type A.) (III; Type B.) 

The apparent molecular weights were measured cryoscopically in naphthalene solution 
over a range of concentration, and deduced according to the ideal-solution laws, the 
association factor («) being calculated as the ratio of the apparent molecular weight to 
the formula weight. Comparison of the behaviour of hydrazides possessing the grouping 
-CO-NH- (Type A, ¢.g., II) and those in which the imino-hydrogen atom is replaced 
(Type B, e.g., III), is expressed graphically in Fig. 1, showing the variation of the 
association factor with concentration. The curves fall sharply into two groups, those due 
to compounds of type A being steeply sloped, and those due to compounds of type B 
being flat or gently sloped. Although, owing to deviations from the ideal laws, no 
quantitative significance can be attached to the values of «, a steep curve is taken to 
indicate considerable association, and a flat curve little or no association. 

The difference in behaviour of the two types of hydrazide is made remarkably evident 
in a comparison of the two isomeric acetophenylhydrazides (Fig. 2). The 6-phenyl com- 
pound (IV), which belongs to type A, is highly associated, whilst the «-phenyl compound 
(V, type B) is practically non-associated. The «$-diacetyl compound (VI), as would be 
expected, is also highly associated. 


NHPh-NHAc NPhAcNH, NPhAc-NHAc 
(Iv.) (V.) (V1.) 
The possibility of the participation of the second imino-group in hydrogen-bond 
formation [%.e., through the hydrogen atom marked with an asterisk in (IV)] is not 
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entirely excluded by the results obtained, for some of the substances of type B in Fig. 1 
give curves of marked slope, though this may be no more than a result of departures 
from the ideal-solution laws. Nevertheless, the results expressed in Fig. 3, showing the 
effect on the association factor of the progressive substitution of aceto-8-phenylhydrazide 
(IV), lend support to the view that the marked hydrogen atom may participate in 
hydrogen-bond formation. Although replacement of the ®-hydrogen atom by methyl 
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7 2 3 
Concentration (g.-mols.x10"*/100g. of solution). 


(VII; R= Me) or by phenyl (VII; R= Ph) diminishes the slope of the association- 
concentration curve, yet a more marked diminution is produced in the «-substituted 


NPhR:-NHAc NHPh-NRAc NMePh:NMeAc 
(VII.) (VIII.) (IX.) 


isomers (VIII; R= Me or Ph), but the greatest effect of all is observed when both «- 
and §-positions are substituted, as in aceto-§-phenyl-«$-dimethylhydrazide (IX). 

The results illustrated in Fig. 1, however, make it clear that the main contribution to 
the molecular association of hydrazides of type A is made by chain polymers of the type 
depicted in (X), where a and b are the two resonance forms of which the substance 
R-CO-NH-NHR is a hybrid. The possibility of cyclic dimers (see Part I) is not excluded, 
although the steepness of the association-concentration curves renders it unlikely that 

R-CO-N-NHR Fa 
H R-CO-N-NHR 
(a) [RCouatE [R-C(OH).N-NHR], ,) 
H 2 R-C(°OH)-NH:-NHR 
R-CO-NH-NHR 
(X.) 

such dimers, if they do exist, are present in conspicuous proportion. A formulation 
similar to (X) may be ascribed for the much less prevalent hydrogen-bond association 
involving the imino-group adjacent to the -CO-NH- group. 
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Although no exact solubility measurements have been made, the solubilities of the 
hydrazides run roughly parallel to the results of molecular-weight determinations. For 
instance, there is a sharp distinction in solubility between hydrazides of the two types; 
those of type A are readily soluble in water and in other electron-donor solvents (and 
indeed are best recrystallised from dilute aqueous alcohol), but only sparingly in hydro- 
carbon solvents, whilst those of type B are insoluble in water but readily soluble in 
hydrocarbon solvents. 

Formula (X) provides a possible explanation of the known tautomeric behaviour of 
the hydrazides, RCCO‘NH‘-NHR = R-C(OH):N-NHR, for it makes possible two altern- 
ative modes of dissociation of the hybrid (X), viz., the unreal form (Xa) into mono- 
molecules of the former component of the tautomeric equilibrium, and (X6) into mono- 
molecules of the latter component. The presence of the hydroxyl component of this 
equilibrium in all hydrazides of type A would provide an added reason for their marked 
tendency to dissolve in water and other hydroxylic solvents. 

In the following tables concentrations are expressed as g.-mols. x 10/100 g. of 
solution, the formula weights appearing in parentheses; M is the apparent molecular 
weight, and « the association factor. The key to Figs. 1—3 is included in the tables. 


Fic. 1. 
Compounds of type A. Concn. M. a. Compounds of type B. Concn. M. a. 
Aceto-f-phenylhydrazide {981 180 119 Aceto-af-diphenylhydr- [98% 338 Tol 
2-42 244 1-63 =. 2-62 259 1-145 
(Curve 1) 2-95 263 1-75 (Curve 8) 3-50 267 1-18 
0-30 238-5 1-19 0-58 226 0-95 
alee 0-82 43 1-215 Aceto-B-phenyl-a-p- 1:35 243 1-02 
ae ae a00y 1:53 267°5 1-34 tolylhydrazide (240) 2-105 257 1-08 
yo Daas 2:25 298 1-49 (Curve 9) 2-89 264 1:10 
e 2) 2-95 319 1-60 3-52 266 1-11 
3°48 339 1-70 0°57 259 1-08 
0-41 170 1-035  Aceto-f-phenyl-a- 115 270 1-12 
Aa. . 0-91 189 1-15 benzylhydrazide (240) < 1:97 267 1-11 
minh p-tolylhydrazide | 1.37 901 1.23 (Curve 10) 2-76 260 1-08 
(Curve 3) 179 211 1-29 3-35 257 1-07 
2-21 222-5 1-36 
oe 0-45 225 0-96 
89* 246 1-50 
oi ae a Seer 101 251 0-99 
0-43 226 1-07 . Pe te rea 4 146 260 1-02 
Benzo-f-phenylhydrazide | 0-81 231-5 1-10 oe 2-07 266 — 1-05 
(210) 1:20 240 1-14 (Curve 11) 2:54 267 1-05 
(Curve 4) 152 2511-19 - 3-09 274 1-08 
1-84 269 1-28 0-45 283 0-96 
Propiono-B-p-tolyl- 0-38 182 1-025 A ee oe. 0-88 296 1-00 
hydrazide (178) 0-77 197 Ll phenylhydrazide (295) {1-51 300 1-015 
(Curve 5) 1:18* 207 1-16 (Curve 12) 2-11 301 1-02 
ies 0-18 191 0-96 ee AO 
“ydteniie (200 0-37 211 1-05 . 0-46 273 0-97 
(Curve 6) 0-57 213 1-07 aB-Diacetylphenyl-o-tolyl- | 1:14 275 0-97 
0-75* 220 1-10 hydrazine (282) 1:79 276 0-98 
f -2 . (Curve 13) 2-415 277 0-98 
Propiono--phenyl- we a a 2-85 282 1-00 
hydrazide (164) 1:38 195 1-19 0 242 0-95 
Curve 7) -af-di-o-tolyl- "58 ‘ 
( 1:76* 208 1-27 Aceto-af-di-o-toly 1-11 241 0-95 
i 163 241 0-95 
(Curve 14) 231 242 0-95 
* Solute separates at higher concentrations. 
Fic. 2. 
Aceto-£-phenylhydrazide (for data see Fig. 1) (Curve 1) 
0-65 221 1-15 101 150 1-00 
aB-Diacetylphenyl- 159 263 1-37 Aceto-a-phenylhydrazide | 1:98 152 1-02 
hydrazine (192) 250 311 1-62 (150) 2-93 164 1-09 
(Curve 2) 3-37 352 = 1-835 (Curve 3) 385 168 1-12 
422 404 2-10 529 177 1-18 
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Fic. 3. 
Aceto-8-phenylhydrazide (for data see Fig. 1) (Curve 1) 
retoftipnent §— ($1 BTS nccinpotenyte [ter tT 
V Cary y ) 1:44 271 1-225 methylhydrazide (164) { 3-10 191 1-165 
(Curve 2) 185 291 1-29 (Curve 4) 4175 200 1-22 
0-81 185 1:13 5-22 210 1-28 
Aceto-B-phenyl-f- 1-96 200 1-22 Aceto-af-diphenylhydrazide (for data see Fig. 1) 
methylhydrazide (164) {2:90 215 1-31 (Curve 5) Ae. 
(Curve 3) 3-77 226 1-38 ; : 8 1-00 
4:63 234 1-43 Aceto-B-phenyl-a-di- 2-17 183 1-03 
methylhydrazide (178) { 3-16 186 1-04 
(Curve 6) 4-29 182 1-025 
5385 185 1-04 
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Canavitesttin (9. bet 10 -2/, 1009. of solution). 











EXPERIMENTAL. 


The solvent naphthalene was the specially purified product for cryoscopic use, obtained 
from the British Drug Houses. The following new compounds were prepared in the course of 
the investigation. Nitrogen analyses were carried out by Drs. Weiler and Strauss, Oxford. 

Aceto-af-di-o-tolylhydrazide.—oo'-Hydrazotoluene, prepared by the alkaline reduction of 
o-nitrotoluene, was only incompletely acetylated even by boiling with acetic anhydride for 4 
hour. After repeated decolorisation with charcoal, the product formed large white rhombs 
from aqueous alcohol, m. p. 107° (Found: N, 11-0. (C,,H,,ON, requires N, 11-0%). 
Aceto-aB-di-p-tolylhydrazide, prepared similarly from pp’-hydrazotoluene, formed small white 
prisms from alcohol, m. p. 120° (Found: N, 11-2%). 

Aceto-af-di-p-chlorophenylhydrazide formed small, very pale yellow tetrahedra from aqueous 
alcohol, m. p. 145° (Found: N, 9-1; Cl, 24-1. C,,H,,ON,Cl, requires N, 95; Cl, 24-0%). 

aB-Diacetylphenyl-o-tolylhydvazine.—Ordinary methods of acetylation of p-methylhydrazo- 
benzene proved unsuccessful, but Smith and Orton’s method (J., 1908, 98, 1249) led to the 
diacetyl compound, which formed white triangular prisms from alcohol, m. p. 91° (Found : 
N, 10-2. C,,H,,0,N, requires N, 9-9%). The acetophenyl-p-tolylhydrazide, m. p. 140°, 
prepared by Jacobson and Lischke (Ammnalen, 1898, 3808, 370), is now shown to be 
aceto-8-phenyl-a-p-tolylhydvazide by the following proof. The substance, whose m. p. was 
unaltered by repeated crystallisation from alcohol, was reduced by boiling with iron filings 
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and acetic acid; the resulting mixture was cooled, made alkaline with ammonia, and steam- 
distilled. The steam-distillate contained only aniline, precipitated as and recognised by its 
tribromo-derivative, m. p. 118°. The filtered residue from the steam distillation deposited 
aceto-p-toluidide (m, p. and mixed m. p. 147°) on cooling. 


Grateful acknowledgment is made to the University of London for a grant (to L. H.) from 
the Dixon Fund, and to the Leicestershire Education Committee for a maintenance grant 
(to H. T. H.). 
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69. Preparation of Certain Optically Active Semicarbazides and 
a Resolution of Benzoin. 


By A. J. Littte, J. M’LEAN, and F. J. WILson. 


In this communication a resolution of benzoin by means of d- and /-8-(a-phenyl- 
propyl)semicarbazides, NH,*NH*CO*-NH:CHEtPh, is described. a-Phenylpropyl- 
amine, required in these experiments, has been resolved by an improved method. A 
resolution of 2-imino-5-methylthiazolidine as hydrochloride has also been effected, but 
this amine proved unsuitable for the purposes in view. Unsuccessful attempts were 
made to resolve camphor and 3-methylcyclohexanone. 


A RESOLUTION of 7-benzoin by active semicarbazides has been reported by Hopper and 
Wilson (J., 1928, 2483), who used d- and /-8-(«-phenylethyl)semicarbazides, and by 
Crawford and Wilson (J., 1934, 1122), who by means of /-menthylsemicarbazide isolated 
l-benzoin. In this paper a resolution by d- and /-8-(a-phenylpropyl)semicarbazides is 
described. 

The preparation of an optically active semicarbazide involves, as in previous cases, the 
use of an- active amine which reacts with acetonesemicarbazone, CMe,.N-NH-CO-NH, + 


R-NH, —"> CMe,:N-NH-CO-NHR, whence on hydrolysis with acid the hydrochloride 
of the active semicarbazide, NH,-NH-CO-NHR, is obtained. This with benzoin gives 
diastereoisomeric benzoinsemicarbazones, CHPh(OH)-CPh:N-NH°CO-NHR, which on 
hydrolysis yield the active benzoins, CHPh(OH)-CPh:O. In this particular case it is worthy 
of note that the mother-liquors from which d-benzoin-d-3-(a-phenylpropyl)semicarbazone 
had separated gave nearly optically pure /-benzoin on hydrolysis. 

We experimented with «-phenylpropylamine, «-camphylamine, and 2-imino-5-methy]l- 
thiazolidine as active bases. A resolution of r-«-phenylpropylamine by means of d-tartaric 
acid has been described by Billon (Compt. rend., 1926, 182, 1470 ; Ann. Chim., 1927, 17, 314), 
but by employing first /-malic acid and then d-tartaric acid we have succeeded in preparing 
active forms of this amine showing much higher rotations than those given by this author. 

The resolution of r-2-imino-5-methylthiazolidine Me Ca NH CNH (Gabriel, Ber., 
1889, 22, 2985), not accomplished hitherto, was effected by means of d- and /-camphor-10- 
sulphonic acids, the active forms of the base being obtained as hydrochlorides. This 
base, however, proved to be unsuitable owing to the ease with which it underwent thermal 
decomposition. 

Unsuccessful attempts were made to resolve r-camphor as the active 3-(«-phenylethyl)- 
semicarbazones, the active 8-(a-phenylpropyl)semicarbazones, and the d-3-a-camphyl- 
semicarbazorie. 3-Methylcyclohexanone did not give a suitable product with 3-(«- 
phenylethyl)semicarbazide. 

EXPERIMENTAL. 

r-«-Phenylpropylamine.—This was prepared from propiophenoneoxime (Billon, Joc. cii.), 
which was obtained in improved yield by modifying the method of Janny (Ber., 1882, 15, 2781) 
in that the acidity developed during the reaction was neutralised from time to time with 
potassium hydroxide. 

Resolution of the amine. To a solution of 65 g. of /-malic acid in 400 c.c. of alcohol, 65 g. of 
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the amine were added in a thin stream with stirring. After standing overnight and being 
stirred, the d-amine |-hydvogen malate separated; when recrystallised to constant rotation from 
alcohol (four times), it had a}?* —3-18° (c = 6-8024 in water, / = 4), [«]}** —11-68°, and formed 
needles, m. p. 169° (Found: N, 5-4, 5-4. C,H,,N,C,H,O, requires N, 5-2%). The d-amine, 
liberated from this salt with 50% potassium hydroxide solution, was separated, dried over solid 
potassium hydroxide, and distilled in hydrogen, the fraction, b. p. 204—206°, being collected ; 
[a}i?’ +20-15° (Billon, loc. cit., gives [a]p +9-5°). The solution from which the malate had 
separated was evaporated to small bulk, concentrated potassium hydroxide solution added, 
and the crude /-amine separated and distilled. It was added (55 g.) slowly with stirring to 
60 g. (1 mol.) of d-tartaric acid in 1 1. of absolute alcohol, whereupon the l-amine d-hydrogen 
tartrate separated. After five recrystallisations from absolute alcohol it gave a constant rotation, 
ait’ +2-195° (c = 4-8464 in water, J = 2), [a]} +22-65°; it formed needles, m. p. 179° (Found : 
N, 5:1, 5-1. CyH,,N,C,H,O, requires N, 4-9%). From this salt the -amine was liberated and 
distilled as in the case of the enantiomorph; [«]}7” —19-85° (Billon gives [a], —10-5°). 
d-8-(a-Phenylpropyl)semicarbazide Hydrochloride, NH,7NH*CO-NH°CHEtPh,HCl.—8 G. of 
d-u-phenylpropylamine and 6 g. of acetonesemicarbazone in 30 c.c. of xylene were heated for 
3 hr., ammonia being evolved. The syrup remaining after removal of the solvent under reduced 
pressure solidified on keeping in a vacuum overnight; the acetone-d-3-(a-phenylpropyl)semi- 
carbazone after recrystallisation from alcohol (m. p. 92°. Found: N, 18-1, 18-2. CysH ON, 
requires N, 18-0%) was hydrolysed by heating with twelve times its weight of N-hydrochloric 
acid for$hr. The hydrochloride obtained by evaporation of the solution under reduced pressure 
crystallised from alcohol in pearly crystals, m. p. 165°, «}*” +4-89° (c = 3-621 in water, / = 2), 
[a] +67-5° (Found: N, 18-4. C,9H,,ON;,HCl requires N, 18-3%). 
1-8-(a-Phenylpropyl)semicarbazide hydrochloride, similarly prepared from the /-amine, had 
m. p. 165°, aj” —4-89° (c = 3-6348 in water, / = 2), [a] —67-3° (Found: N, 184%). The 
intermediate acetone-1-8-(a-phenylpropyl)semicarbazone melted at 92° (Found: N, 18-0%). 

The following compounds were obtained by use of the r-amine : acetone-r-8-(a-phenylpropyl)- 
semicarbazone, which crystallised from alcohol and melted at 110° (Found: N, 17-8%), and 
1-3-(a-phenylpropyl)semicarbazide hydrochloride, which crystallised from alcohol containing a 
little ether and melted at 136° (Found: N, 18-4, 18-5%). 

Resolution of r1-Benzoin.—d-Benzoin, d-3-(«-Phenylpropyl)semicarbazide hydrochloride 
(9 g.) was added to r-benzoin (7 g.) in 75 c.c. of pyridine, and the solution kept for a week at 
room temperature. When it was poured into 1 1. of water with stirring, a resinous precipitate 
separated after some time. The supernatant liquor was decanted, and the resin washed several 
times with boiling water to remove pyridine, and then dried in a vacuum over sulphuric acid. 
The now hard resin was dissolved in alcohol, and water added dropwise to incipient precipitation. 
After standing for a few days the d-benzoin-d-8-(a-phenylpropyl)semicarbazone was collected ; 
it crystallised from alcohol in fine needles, m. p. 166° (Found: N, 10-9, 11-0. C,,H,,O,N, 
requires N, 109%), aj?" —2-51°, [a]? —126-0° (c = 0-498 in alcohol, / = 4). The substance 
was hydrolysed by heating in alcoholic solution with 0-3n-sulphuric acid on a boiling water- 
bath for 10 minutes, and the cold solution poured into ice water; the precipitate was dissolved 
in boiling light petroleum (b. p. 40—60°), and on cooling, some unhydrolysed material separated, 
followed by crops of d-benzoin, further amounts of which were obtained by extracting the 
aqueous alcoholic acid liquors with carbon tetrachloride. The several crops of d-benzoin were 
recrystallised from alcohol; the pure substance had m. p. 133—134° (Found: C, 79-2; H, 5-7. 
Calc. for C,4H,,0,: C, 79-2; H, 5-7%), aj’” +3-04° (c = 1-286 in acetone, J = 2), [a]? +118-1°. 
In all, 1-2 g. of the semicarbazone were hydrolysed, yielding 0-4 g. of pure d-benzoin. 

1-Benzoin. After removal of the d-benzoinsemicarbazone as above, the mother-liquor was 
heated for } hr. with 15 c.c. of 5n-hydrochloric acid on the water-bath in order to hydrolyse the 
l-benzoin-d-8-(a-phenylpropyl)semicarbazone present. The solution was poured into water, 
filtered from »benzoin, and the filtrate (which contained the more soluble /-benzoin) extracted 
with carbon tetrachloride. The extract was evaporated, and the residual crude /-benzoin after 
two recrystallisations from alcohol was almost optically pure; m. p. 188—134°, a} —1-81° 
(c = 0-388 in acetone, J = 4), [aj}" —116-6°. To obtain pure -benzoin, 5-5 g. of r-benzoin, 
including that recovered as above, were treated with 7 g. of J-8-(a-phenylpropyl)semicarbazide 
hydrochloride in pyridine and the reaction mixture worked up as in the previous case. The 
1-benzoin-1-8-(a-phenylpropyl)semicarbazone, obtained pure after two recrystallisations from 
alcohol, melted at 166° and gave aj?™ +2-64° (c = 0-519 in alcohol, / = 4), [aj}?*" +127-1° 
(Found: N, 10-9. C,,H,,O,N, requires N, 10:9%). This semicarbazone was hydrolysed as 
before and gave /-benzoin, m. p. alone or admixed with an authentic specimen 133—134° 
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(Found : C, 78-8; H, 5-7%), ap” —4-21° (c = 0-891 in acetone, / = 4), [a]}” —118-1°. Hopper 
and Wilson found [«]}° —118-5° (c = 1-1467 in acetone), Crawford and Wilson [a«]}?* —118-3° 
(c = 1-069 in acetone), Wren (J., 1909, 95, 1584), [«]}?"*" —118-6° (c = 0-9232 in acetone). 

These resolution experiments were carried out in quartz apparatus. The following com- 
pounds were obtained in unsuccessful attempts to resolve y-camphor. The first four were 
obtained from camphor and the appropriate 8-(«-phenylpropyl)semicarbazide hydrochloride 
in pyridine solution, the reaction mixture being worked up as usual. 

r-Camphor-t-3(a-phenylpropyl)semicarbazone crystallised from alcohol in needles, m. p. 137° 
(Found: N, 12-9. CysH ON, requires N, 12°8%). r1-Camphor-1-8(«-phenylpropyl)semicarb- 
azone was obtained as a sticky resin which solidified after keeping for a month in a vacuum; 
it was then cautiously recrystallised from aqueous alcohol (nucleation), from which it separated 
in fine needles, m. p. 104° (Found: N, 12-8%), ap +1-53° (c = 1-253 in alcohol, / = 2), 
[a] +61-1°. d-Camphor-d-8-(«-phenylpropyl)semicarbazone, rhomboids from aqueous alcohol, 
melted at 118° (Found: N, 12-9%) and gave a} —1-55° (c = 0-828 in alcohol, / = 2), [aji* 
—93-6°. 1-Camphor-d-8-(a-phenylpropyl)semicarbazone, rhomboids from aqueous alcohol, melted 
at 120° (Found: N, 13-0%) and gave alf® — 1-72° (c = 1-1088 in alcohol, / = 4), [a]}*™" — 38-8°. 

Equal quantities of the last two semicarbazones were recrystallised together from aqueous 
alcohol. A compound resembling r-camphor-l-8-(a-phenylpropyl)semicarbazone in every respect 
except sign of rotation was obtained; it formed needles melting sharply at 104° (mixed m. p. 
104°) and gave ap” —1-29° (c = 1-0484 in alcohol, / = 2), [a]}*" —61-6°. 

The following camphor-8-(«-phenylethyl)semicarbazones were prepared in unsuccessful 
attempts to resolve camphor by heating its semicarbazone with a-phenylethylamine at 180° 
for 1 hr., followed by recrystallisation of the gummy product. 

r-Camphor-r-8-(«-phenylethyl)semicarbazone, from r-camphorsemicarbazone and the v-amine, 
crystallised from alcohol in prisms, m. p. 144° (Found: N, 13-5. C,gH,,ON, requires N, 
13-4%). d-Camphor-1-8-(a-phenylethyl)semicarbazone, from d-camphorsemicarbazone and the 
l-amine, crystallised from aqueous alcohol on slow evaporation in prisms, m. p. 112° (Found: 
N, 13-56%), [«]>” +41-3° (c = 4-00 in alcohol). 1-Camphor-|-8-(a-phenylethyl)semicarbazone 
crystallised from alcohol in prisms, m. p. 112° (Found: N, 13-5%), [a] +102-4° (c = 4-004 in 
alcohol). r-Camphor-1-8-(«-phenylethyl)semicarbazone crystallised from aqueous alcohol on slow 
evaporation in prisms, m.-p. 122—123° (Found : N, 13-4%), [a]}®° +68-9° (c = 4-004 in alcohol). 
This same compound was also obtained when equal quantities of the two preceding compounds 
were mixed and crystallised from aqueous alcohol. It is to be noted that the m. p. of the mixed 
compound is higher than that of either constituent. 

Resolution of 2-Imino-5-methylthiazolidine.—18 G. of this r-base were added to 30 g. of 
d-camphor-10-sulphonic acid in 70 c.c. of absolute alcohol. The d-camphorsulphonate of the 
l-base separated on standing overnight and was optically pure after two recrystallisations from 
small quantities of absolute alcohol; concentration of the reaction mother-liquors yielded 
further quantities. It melted at 182—184° and gave [a]}** —19-63° (c = 4-000 in water). To 
15 g. of this salt in 70 c.c. of water, excess of 50% potassium hydroxide solution was added, and 
the hot solution (to prevent separation of potassium camphorsulphonate) was extracted six 
times with benzene. The united extracts were evaporated under reduced pressure, and the 
syrupy /-base so obtained was dissolved in dilute hydrochloric acid. Evaporation of this 
solution yielded 1-2-imino-5-methylthiazolidine hydrochloride (5 g.), which crystallised from 
alcohol-ether in flat needles, m. p. 175° (Found: N, 18-1, 18-2. C,H,N,S,HCl requires N, 
183%), [a]p** —76-5° (c = 4-000 in water). The mother-liquors from which the /-base 
d-camphorsulphonate had separated were evaporated to small bulk, and the syrup treated with 
50% potassium hydroxide solution. Extraction six times with benzene and evaporation of 
the extracts yielded the crude d-base (9-5 g.), which was added to 19 g. of -camphor-10-sulphonic 
acid in 40 c.c. of absolute alcohol. On standing overnight, the d-base /-camphorsulphonate 
separated, and was pure after two recrystallisations from alcohol; m. p. 182—184°, fa)" 
+20-1° (c = 4-000 in water). From this salt, d-2-imino-5-methylthiazolidine hydrochloride 
(4 g.) was prepared exactly as described above; it crystallised from alcohol-ether in flat needles, 
m. p. 172—173° (Found : N, 18-3%), [«]}** +77-5° (c = 4-000 in water). 


We wish to thank Imperial Chemical Industries, Ltd., for grants and also for the award of 
the ‘‘ Nobel” Bursary to one of us (A. J. L.). 
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70. The Influence of Alkyl Groups wpon Reaction Velocities in Solution. 
Part IV. The Alkaline and Acid Hydrolyses of the Ethyl Esters of the 
Lower Saturated Aliphatic Acids in Aqueous Acetone. 


By Gwyn Daviss and Davip P. Evans. 


A kinetic study of the acid and the alkaline hydrolysis of several aliphatic esters 
in aqueous acetone has yielded results which on analysis on the basis of the equation 
k = PZe~®/RT indicate that in alkaline hydrolysis the velocity varies mainly as a 
result of the changes in E. In the straight-chain esters there is a definite rise of the 
factor P with increase in E. On the other hand, in acid hydrolysis the activation 
energy is constant in straight-chain esters, although the velocity decreases as the 
series R°CO,Et is ascended. 

The mechanisms of alkaline and acid hydrolyses of esters are discussed. 


In Part III (J., 1938, 1439) the rates of saponification of the ethyl esters of a number of 
aliphatic: acids in 85% alcohol were discussed. In order to confirm the conclusions there 
reached, we have studied the same reactions in aqueous acetone and also the acid 
hydrolyses in the same solvent. The differences between the activation energies for the 
alkaline hydrolyses of the normal esters in 85% alcohol were small, but in 70% acetone 
these differences are magnified considerably. We are thus able to amplify and confirm 
the conclusions recorded in Part III. The study of the acid hydrolyses in the same 
solvent has indicated that this reaction presents a marked contrast to the alkaline 
hydrolysis. 
EXPERIMENTAL. 


Esters.—The esters were obtained and purified by the methods described in Part III; they 
boiled within 0-1° of the temperatures there recorded. 

Medium.—In all experiments the medium consisted of 70 c.c. of ‘‘ A.R.”’ acetone made up 
to 100 c.c. with water 

Velocity Measuvements.—(a) Alkaline hydrolysis. Except in the case of ethyl acetate, 
n/10-ester solutions were made at room temperature by weighing the necessary amount of 
ester into a glass-stoppered, graduated 100-c.c. flask, and adding 70 c.c. of acetone (from 
standard pipettes or burettes) and some water. After standing, with occasional shaking for 
1 hour, the flask had attained room temperature and was filled to the mark with water. A 
similarly prepared 0-4m-aqueous solution of ethyl acetate was standardised by complete hydro- 
lysis and back titration with standard acid, and the volume of this solution necessary to make 
100 c.c. of 0-1m-ester solution was added to 70 c.c. of acetone contained in a 100-c.c. graduated 
flask, which was then filled to the mark with water at room temperature. The concentration 
of each ester solution was checked before use by complete hydrolysis and back titration with 
standard acid. 

The alkaline hydrolysing agent was prepared by running the required volume of a 
standardised (approx. 0-35N) carbonate-free solution of sodium hydroxide into 70 c.c. of 
acetone and diluting it to 100 c.c. with water at room temperature. The concentration of 
‘this solution was made equal to that of the ester, and was checked by titration immediately 
before use. 

Flasks containing the ester solution and the hydrolysing agent were placed in a thermostat 
(at 25°, 35°, or 45°) and allowed to attain temperature equilibrium. A determination of the 
concentration of the sodium hydroxide solution by titration then gave that of the ester. 
25 C.c. of the ester solution were then transferred by means of a standardised pipette to a 
standard 50-c.c. graduated, glass-stoppered flask (also immersed in the bath), which was filled 
to the mark with sodium hydroxide solution by means of a rapid delivery pipette. The flask 
was stoppered, well shaken, and quickly returned to the bath. Zero time was taken at the 
instant of half delivery of the sodium hydroxide solution. The reaction was followed by 
withdrawing 5 or 10 c.c. of reaction mixture at suitable intervals (measured to the nearest 
second on a stop-watch), running it into 5 or 10 c.c. of 0-05n-hydrochloric acid, and finally 
titrating the excess of acid with 0-05n-barium hydroxide solution, with bromothymol-blue as 
indicator. 

The velocity coefficients were calculated from the equation k = */at(a — x), and the values 
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recorded in Table I are the mean of at least two, and occasionally three, concordant 
experiments. 
TABLE I. . 


Alkaline Hydrolysis in 70% Acetone. 


Ethyl ester. 1072 gq. 7°. 10350. 
CID, ciasdatincsasimragiveeveswenssaeees ° 8-22 
IID 50 ssn sna sincespen seh svensneseans , 4-06 
EEE. insdvepscaheresinccksangueses . 1-68 
PMD She cktbas cette cen cctcdesccens eee “ 1-33 
cig ‘te ane EE Te : 1-19 
ESOButyTate 2.0... ..cceccee ves ccecvesecees . 1-03 
SETTER. crcevynsavenaeencecncosapoeee ° 0-450 
Trimethylacetate .............cc.cecceeee . 0-0456 
Diethylacetate .............sccsscsecseses . 0-0184 


PEISPESSE 
POM OSOAe 


(b) Acid hydrolysis. The ester solutions were prepared as described above. A solution 
of hydrochloric acid (approx. 0-6N) was standardised gravimetrically, and the volume necessary 
to give 100 c.c. of a 0-1m-solution was added to 70 c.c. of acetone, the mixture being made up 
to 100 c.c. with water at room temperature. Owing to the slow rate of reaction, the volatility 
of the solvent, and the possibility of side reactions at temperatures above 60°, the acid 
hydrolyses were carried out in sealed tubes at 25°, 35°, and 45°. 65 C.c. of n/10-ester solution 
and 65 c.c. of n/10-hydrochloric acid were mixed in test-tubes, which were sealed off and 
immersed in a thermostat, the moment of immersion being taken as zero time. At suitable 
intervals a tube was withdrawn, and the contents titrated against standard baryta solution 
(bromothymol-blue as indicator). Each end-point was matched against a colour standard 
consisting of 10 c.c. of n/10-barium chloride, 5 c.c. of n/10-barium acetate, and 10 c.c. of 
acetone containing the same amount of indicator as used in the velocity titrations. 

In most cases the acid hydrolysis proceeded to about 90—95% change, and velocity 
coefficients were calculated from the simple expression k, = 2-303 [log,, a/(a — *)]}/[H)t. 
Correction for solvent expansion was made in the usual manner. Over the range 10—40% 
change the above expression gave constant values of k, for most reactions. For ethyl tri- 
methylacetate and diethylacetate, however, values of k, fell with time, and the following 
methods were employed to evaluate the true velocity coefficient. (1) Values of k, were 
plotted against percentage change or against time, and the curve was extrapolated to zero 
change or time (compare Timm and Hinshelwood, J., 1938, 864); (2) values of log,, 1/(a — 2) 
were plotted against time, and k, was obtained from the slope of the tangent at zero time; 
(3) the fraction of ester hydrolysed (¥) was plotted against time, and k, was computed from 
the slope of the tangent at the origin. The values of k, reported for these two esters are 
those obtained as means by the above methods. The results are summarised in Table II, 
which contains the velocity coefficients at three temperatures, the corresponding values of 
log,)>PZ, and the activation energies. 


TABLE II. 
Acid Hydrolysis in 70% Acetone. 


Ethyl ester. 105k4,.7°. 105k55.9°. 105ko4. 99. log mz. E (cals.). 
IS si Sah Sci cctv becines SANA ALA 24-7 10-9 
PUOMORUD |. oi ieiieiciicd sésbedsevéca sda cbe 20-7 
III cisbnnteenahiusscctietaneheseiginneh <i 
CSE Rs Dees 10-2 
SITE as.dsondsce sotyotacsanc sercee yet 9-76 
W-ELOPUORES ooo... icc ccscccceccscccesiessesss 9-07 
tsoBu bb: Ternsnhsentieetinsubedbencibane 
iscValerate SELLE ERT OLE I 
Trimethylacetate ............ccscseeeeeee 
Diethylacetate 
Phenylacetate 


Sawvasaea 
~1@ to 


OPS to moe 


DIscussION. 
The trend of the velocity coefficients for the alkaline hydrolyses in acetone—-water 


(Table I) is very similar to that found in 85% alcohol. In the straight-chain esters they 
decrease steadily to a constant value at ethyl m-valerate; the figure for this ester is 


soeaqauna D> 2P 
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probably near the average for the higher #-esters since the velocity coefficient for ethyl 
n-heptoate differs from it only slightly. Both ethyl ssobutyrate and isovalerate are 
hydrolysed more slowly, and the velocity coefficients for the trimethylacetate and the 
diethylacetate are very low. The values of the energies of activation are all considerably 
smaller than the corresponding values for the reactions in 85% alcohol, as shown in 
Table III. 


TABLE ITI. 


E E 
(H,O-COMe,), (H,O-EtOH), 
cals. cals. 


E E 
(H,O-COMe,), (H,O-EtOH), 

Ethyl ester. Ethyl ester. cals. cals. 
ACETIC css evereeseoeee 9,800 14,200 * isoButyric............ . 15,000 t 
Propionic ........+e6e 10,600 14,500 15,700 
Ee 11,700 15,000 Trimethylacetic ... 16,500 
n-Valeric  ......... 00 12,400 14,700 Diethylacetic 17,400 
n-Heptoic .......000 12,400 15,000 


* Smith and Levenson (J. Amer. Chem. Soc., 1939, 61, 1172) claim that the E for ethyl acetate 
should be 14,700 cals., and that there is no difference between the activation energies of the n-esters. 
In view of the large differences found in aqueous acetone we believe that there is a trend towards a 
higher constant value as the n-series is ascended even in alcohol—water medium. 

¢ Recalculated from the data of Part III. 


It is noteworthy that, although Newling and Hinshelwood’s (J., 1936, 1357) value of 
E for the alkaline hydrolysis of ethyl isobutyrate in 56% acetone (11,000 cals.) differs 
from the present value in 70% acetone by only 200 calories, yet the difference between 
the activation energies for methyl acetate in 56% acetone (11,500 cals.) and ethyl acetate 
in 70% acetone (9,800 cals.) is much greater. 

Timm and Hinshelwood (loc. cit.) found that substituents had a greater effect upon E 
(i.e., the differences were larger) for the alkaline hydrolysis of benzoic esters in alcohol— 
water than in acetone-water. The reverse is the case, however, with the aliphatic esters 
considered here. Solvent effects for a series of compounds having a variable substituent 
near the seat of reaction appear, therefore, to be different from those observed when the 
variable group is removed to some distance from the reactive centre. This may be 
connected with the usual constancy of P in the latter case but not in the former. 

The general similarity of the results for the hydrolyses of the fatty acid esters 
R-CO,Et in alcohol-water and in acetone—water is indicated by the plots of E against 
log & in the figure. In both media there is a definite rise in the activation energy to a 
constant value as the m-series is ascended, and the tsovalerate has an even higher E. 
Also, the activation energies increase in the series R = Me < Pr® < Bu” < CHEt,. The 
conclusions of Evans, Gordon, and Watson regarding the influence of the inductive effect 
of m-alkyl groups upon the energy of activation for the alkaline hydrolysis of aliphatic 
esters are therefore confirmed (compare observations a, b, and c, Part III). In alcohol- 
water the activation energies for m- and iso-butyric esters are equal, but in acetone—water 
the value for the latter ester is smaller than for the straight-chain isomeride. On the 
basis of the inductive effects (Pr’ > Pr*) we should expect the activation energy for 
ethyl tsobutyrate to be greater than that for the m-butyrate, and hence in both studies 
the larger inductive effect of the isopropyl group (in the ssobutyrate) is counteracted by 
some other factor. This may be interpreted in the light of the postulates of Baker and 
Nathan (J., 1935, 1844), as already suggested in Part III. 

All esters branched at the «a-carbon have a P factor lower than that for the n-esters, 
and in both media the line through the points for R = Pr? and Bu” has almost theoretical 
slope (— 2-303RT). There is one notable difference between the two sets of results, 
however. Whereas in alcohol-water the P factor appears to be almost constant for the 
n-esters and ethyl isovalerate, yet in acetone-water this factor shows a perceptible 
increase as the series is ascended. This observation leads to the conclusion that a similar 
change in P probably occurs in the alcohol-water medium, but the results here are too 
close to permit of a definite decision. The main factor influencing the velocity coefficient 
in both cases, however, is the energy of activation. The regular increase in P for the 
n-esters in acetone-water is difficult to interpret. It appears possible that increasing the 
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chain length of R in R-CO,Et has some stabilising effect upon the transition complex 
which increases its life, and hence the factor P rises. This effect is evident in diethyl- 
acetic ester which, although branched at the a-carbon (which usually results in a low P; 
see above), has a higher P factor than either the isobutyric or the trimethylacetic ester. 


An alternative explanation for the increased P for diethylacetic ester has been given in 
Part ITI. 
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The acid hydrolysis of benzoic esters has recently been shown (Timm and Hinshelwood, 
loc. cit.) to be favoured by electron-attractive substituents. The acid hydrolyses of a 
series of aliphatic esters have now been examined, and the results recorded in Table II 
for acetone—-water medium show that they differ distinctly from the alkaline hydrolyses. 
The activation energies for all esters not branched at the a-carbon are almost constant 
at 16,200 calories; tsobutyric ester has a lower E by approximately 1000 cals., whilst the 
value for ethyl diethylacetate is very high, but the substitution of phenyl for «-hydrogen 
in ethyl acetate causes no change in the activation energy. 

In agreement with Timm and Hinshelwood’s results, the activation energies for the 
acid hydrolyses are all higher by a few thousand calories than the corresponding. values 
for alkaline hydrolysis in the same medium. The P factors for the two reactions are 
very similar when consideration is given to the large range over which P can vary. The 
most notable difference between the results recorded for the acid and alkaline hydrolyses 
of aliphatic esters is as follows; whereas in alkaline hydrolysis there is a general tendency 





[1940] Reaction Velocities in Solution. Part IV. 343 


for the activation energy to follow the polar effect of the alkyl group, the E values in 
the acid-catalysed reactions of the n-esters are almost identical. In the former case there 
is a linear relation between E and log k (and between E and log PZ) for esters not 
branched at the a-carbon, but in acid hydrolysis the variations of E and of log PZ are 
both small and irregular, and it would appear that both E and log PZ are approximately 
constant. It seems clear that in acid hydrolysis counteracting influences are at work. 

The Lowry mechanisms (J., 1927, 2558) for the reactions, which have met with 
widespread acceptance, are as follows : 


Acid hydrolysis. 
| on Q 
R—C—OR’ —> R—C—OR’' —> R—-C—OH + R’OH + Ht 
H—OH Ht H+ OHH 


Alkaline hydrolysis. 


Q Q 
R—C—OR’ —> R—C—OR’ —> R—C—OH + R’OH + OH- 
OH- H—OH OHH OH- 


A complete proof of these mechanisms has not yet been put forward however. In 
particular, we do not know (i) whether in acid hydrolysis the proton adds to the carbonyl 
or to the ethereal oxygen, or (ii) whether in alkaline hydrolysis the hydrogen from water 
(if needed) similarly attacks the carbonyl or the ethereal oxygen. It has been definitely 
established, of course, that in both reactions the OEt~ group is withdrawn from the ester 
to form alcohol (Polanyi and Szabo, Trans. Faraday Soc., 1934, 30, 508; Datta, Day, 
and Ingold, J., 1939, 838). 

The results can be interpreted on the basis of somewhat different mechanisms which 
appear on elementary grounds to be more probable. The initial and final states in 
alkaline and acid hydrolyses are as follows : 


R-CO,Et + OH- > R-COO-+ EtOH . . . . . . . @ 
R-CO,Et + H+ + HOH —> R-CO,H+EtOH+H* . . . () 


It is simplest, therefore, to suppose that in the former the activation energy represents 
the energy required for the formation of a transition complex containing ester and 
hydroxyl ion, whereas in the latter the complex contains ester, hydrogen ion, and a water 
molecule. In alkaline hydrolysis it may be assumed that the energy of activation is 
required for the process 


4 
R—C—OEt + OH- —> R—-C—OEt 
OH 


ie, E is actually the sum of the energies needed for the electromeric change 


- _ 
>C=—0 —>» >C—O and the approach of the hydroxyl ion. The original ester, 
however, has considerable resonance energy (Pauling and Sherman, J. Chem. Physics, 
1933, 1, 606); it is a mesomeric state between the two structures 


O O- 
Vi L 
R and R—C 
~“\ort NOEt 
(™ 
The transfer C—O has therefore occurred to some extent in the normal state of the 
molecule, and the energy required to complete this change may be relatively small; the 
main function of the activation energy is probably to overcome the repulsion between 


the ester molecule and the approaching ion. This accounts for the fact that the 
activation energy is reduced by electron-attractive groups in R (Evans, Gordon, and 
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Watson, J., 1937, 1430); the order would be reversed if the controlling factor were the 


: (™ 

energy required for the electromeric change C—O. Jenkins (J., 1939, 1780) has recently 
shown that the plot of E for the alkaline hydrolysis of p-substituted benzoic esters 
against the electrostatic potential, ¢, at the carbon to which the CO,Et group is attached, 
is a straight line of slope Ne (1 Faraday). It follows that the difference in activation 
energy between the unsubstituted and the substituted esters, AE, is equal to Ne(¢, — ¢,), 
which confirms Hinshelwood, Laidler, and Timm’s assumption (J., 1938, 848) that the 
differences in activation energy due to substituents are caused mainly by changes in 
classical electrostatic energy terms, and that the change in E is due almost entirely to 
the change in the repulsion of the hydroxy] ion. 

In acid hydrolysis, which is also facilitated by electron-attractive substituents in R, 
the energy of activation is needed mainly for bringing up the water molecule to the 
carbonyl carbon (Hinshelwood, Laidler, and Timm, Joc. cit.). This conclusion is inevit- 
able, for both the electromeric change and the addition of a proton would be favoured by 
electron-repulsive groups. Since water is a much weaker base than hydroxyl ion, the 
energy of activation for the acid hydrolysis should be greater than for the alkaline 
reaction. These conclusions are similar to those of Hinshelwood and his collaborators 
and are in accord with their experiments. 

Thus far the mechanisms are clear, but there are some reasons for supposing that in 
acid hydrolysis the hydrogen ion will co-ordinate with the carbonyl rather than the 
ethereal oxygen: the former is already fractionally negative owing to mesomerism, 
whereas for the same reason the latter is fractionally positive. Hinshelwood, Laidler, 
and Timm point out that, in compounds such as acyl chlorides and esters, the carbonyl 
carbon “ bears through the influence of the oxygen a larger positive charge”’ than the 
central carbon in alkyl halides. In another system, association through hydrogen occurs 
in amides but not in the isomeric imino-ethers (Chaplin and Hunter, J., 1937, 1114) “ due 
to the fact that the imino-ether, although it still possesses an imino-hydrogen, cannot 
utilise it to form a hydrogen bond because the. oxygen, being ethereal and not ketonic, is 
available as a hydrogen acceptor only on becoming an oxonium ion.” These consider- 
ations indicate the probability of the co-ordination of hydrogen ion at the negatively 
charged carbonyl oxygen rather than at ethereal oxygen; this process will need but little 
energy, and the requirements of experiment are met by a scheme of the following type : 


qi H* OH J 
R—C—OEt —> R—C—OEt —> R—C—OH + EtOH + H* 
| H-OH  H—OH 
An electron-attractive substituent in R will here (1) facilitate the co-ordination of the 


(~ 
water molecule and (2) operate unfavourably upon the electromeric change C—O. It 
is therefore not surprising that the differences in the activation energies for a series of 
substituted ethyl benzoates are rather small, as found by Timm and Hinshelwood (loc. 
cit.). It might appear that a similar balancing of effects would be expected in alkaline 
hydrolysis, but here the change in the repulsion energy caused by a substituent is much 
greater than in acid hydrolysis because the attacking reagent is charged (AE = e,8eg/r 
is much larger; compare Hinshelwood, Laidler, and Timm, Joc. cit.). 

In the acid hydrolysis of the aliphatic esters the differences between the polar effects 
of the alkyl groups not branched at the «-carbon are much smaller than in the case of, 
e.g., phenyl and #-nitrophenyl, and it is not surprising that the differences in activation 
energy are negligible. Incidentally, the constancy of the energy of activation for the 
n-esters and isovaleric ester in the acid hydrolyses appears to indicate that any geometric 
hindrance, if present, is very small, and following from this the rise in the activation 
energy as the m#-series is ascended in the alkaline reaction cannot be attributed to 
increasing “‘ steric hindrance.” In the esters branched at the a-carbon the changes of 
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inductive effect are more marked, and in the acid hydrolyses of trimethylacetic and 
diethylacetic esters the activation energies are as expected from the conclusions recorded 
in Part III. The low activation energy for ethyl tsobutyrate (lower than the m-esters by 
1000 cals.), however, was not anticipated. The mechanism suggested on p. 344 for acid 
hydrolysis bears some resemblance to both the acid- and the base-catalysed prototropy 
of phenyl alkyl ketones (Evans, J., 1936, 785; Evans, Gordon, and Watson, J., 1938, 
1434). Thus the hydrolysis involves addition of proton at carbonyl oxygen and a base 
at the carbon. Of these additions, however, the work done in the latter contributes most 
to the activation energy, and therefore if a hydrogen bond is formed between 8-carbon 
and carbonyl oxygen in esters branched at the a-carbon (as postulated in Part III for 
alkaline hydrolysis), it will have little effect upon the activation energy for acid hydrolysis ; 


it may even cause a decrease in E owing to facilitation of. the change C—O (compare J., 
1937, 1423). The decrease in activation energy of 1000 cals. in ethyl isobutyrate, 
however, appears too large to be interpreted in this manner, and further experiments are 
needed before definite conclusions can be drawn. 

According to the mechanism (a) for alkaline hydrolysis, no water molecule appears 
to be needed in the reaction. It is not intended, however, to preclude the possible 
intervention of a water molecule, which we believe is needed to stabilise or remove energy 
from the transition complex. If this is so, then alkaline hydrolysis may involve a 
ternary collision just as acid hydrolysis does, and the P factors for both reactions would 
be approximately equal. Newling and Hinshelwood (loc. cit.) have suggested that the 
energy of activation in acid hydrolysis is higher than for alkaline hydrolysis because in 
the former reaction extra energy is required to extract hydroxyl from a water molecule. 
It is difficult, however, to understand why this extra energy is not required to extract 
the proton from a water molecule in alkaline hydrolysis (Lowry mechanism), and it 


appears that the réle of the water molecule in the latter reaction is probably different 
from that in acid hydrolysis. 


We desire to thank Dr. H. B. Watson for his continued interest, and Imperial Chemical 
Industries for grants. 
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71. Solvent Effects with Optically Active Saturated Hydrocarbons. 


By ALEXANDER W. H. PryDE and H. Gorpon RULE. 


The theoretical relationship assumed to exist between the optical activity of a 
compound and the refractive index of its solution is further tested in the cases of the 
saturated hydrocarbons /-dimenthyl, /-dibornyl, and d- and /-isocamphanes, when 
dissolved in non-polar diluents. In no case was the magnitude of the rotation found 
to be simply related to the refractive properties. The approximate relationship 
previously reported for d-pinane in non-polar solvents has been confirmed. 


In a number of communications concerning the variation of rotatory power with change 
of solvent it has been shown that, for optically active compounds of polar type, the 
magnitude of the rotation is in the majority of cases related to the polar properties of 
the solvent medium (Rule and co-workers, J., 1931, 674, 2652; 1932, 1409, 2332; 1933, 
376, 1217; 1935, 1038, 1041; 1937, 138). The dipole moment of a substance itself 
involves a complex relationship with its refractivity, but the connexion between rotatory 
power, M, and refractive index, n, of a solution is represented in most of the modern 
theories of optical activity as being a simple one: M is assumed to vary directly with n. 
For instance, Born (Proc. Roy. Soc., 1935, A, 150, 84) proposed the expression M = 
h(n? +. 2), de Mallemann (Rev. gen. Sci., 1927, 38, 453) deduced a relationship with 
(n? + 2)?, and Boys (Proc. Roy. Soc., 1934, 144, 681) one with (n? + 2)(n? + 5). 


Until very recently the only available data bearing upon this ee referred to the 
AA 





346 Solvent Effects with Optically Active Saturated Hydrocarbons. 


weakly polar unsaturated hydrocarbons or to compounds of a more strongly polar type. 
In view of the disturbing influences undoubtedly exerted upon the rotation by the mutual 
interactions between polar groups in solvent and optically active molecules, an attempt 
was made (Rule and Chambers, J., 1937, 145) to reduce these effects to a minimum by 
determining the rotatory power of a saturated hydrocarbon, d-pinane, in the homogeneous 
state and also when dissolved in a variety of non-polar solvents. It was found that under 
these conditions the rotations were in close agreement with the expression M = k(n? + 2)?. 

In order to obtain further evidence, similar experiments were carried out upon the 
saturated, optically active hydrocarbons dimenthyl, dibornyl, and tsocamphane; but in 
none of these cases could any clear relationship between M and n be traced (see tables). 
The rotatory powers of isocamphane dissolved in non-polar solvents rise irregularly with 
the refractive indices of the mixtures, the rate of increase being appreciably greater than 
is represented by the theoretical expression M = k(n? + 2)?, and considerably more than 
is indicated by the other two relationships mentioned above. For dibornyl, the values 
of M are very irregular and show little tendency to rise with n, whilst for dimenthyl the 
change is in the reverse direction, M tending downwards as m rises. Repetition of the 
work of Rule and Chambers (loc. cit.) on pinane has confirmed the values already recorded 
and their approximate agreement with the expression M = k(n? + 2)*, but in view of 
the additional results now published, this agreement must be regarded as fortuitous. 


Optical Rotatory Powers of Solutions. 
1-Dimenthyl. 1-Dibornyl. 

Non-polar solvents. [M]2°. 120". " Non-polar solvents. [M]?0. ne. 
Mesitylene ............... —169-5° 1-49585 6. ig aan —63-6° 1-60773 
n-Heptane ............... —169-3 1-39419 6- p-Xylene... crsvseeee —655-9 1-49614 
Hexane .............00.5. —168-6 1-38670 6- Toluene .................. —53°7 1-49405 
te lene.. -- —167-3 1-49443 5- Benzene ...... —52-2 1-49973 
|-Methylnaphthalene —159-8 1-60591 6- Carbon tetrachloride... —52-3  1-46320 
Toluene ...... -- —155-6 1-49185 6- Carbon disulphide ... —51-8 1-61858 
Carbon tetrachloride... —155-6 1-46111 5 cycloHexane ............ —51*7 1-43077 


Carbon tetrabromide —155-8 1-49251 6- n-Heptane ............... —516 1-39554 
cycloHexane ....... — 153-2 1-42937 5- Hexane .................. —51-2 1-38793 
Decahydronaphthalene —145-3 1-47614 5- Mesitylene ........ —51-0 1-49756 

—141-8 1-49824 5- Decahydronaphthalene —50-9 1-47780 


. «=—132-2 1-61581 
Carbon “disulphide 3 a Polar solvents. 


Polar solvents. Nitrobenzene —56-0 1-54958 
ID ic ctnsthdutatnees ‘7 1-36032 1- Acetone ..................5 —53°5 1-36550 
Nitrobenzene ‘9 1-55122 1- 


d-isoCamphane. l-isoCamphane. 

Non-polar solvents. Non-polar solvents. 
1-Methylnaphthalene . : ° 1-Methylnaphthalene —9-21 1-59393 12-144 
Carbon disulphide ... ° , ° Carbon Senguide + —825 1-60047 12-704 
Mesi oe: peeves sbuage tee - . z is oe cong he eoseee —802 1-49285 12-048 
-Xylene.. seoceeeee . ° . -Xylene... sesesseee —7°79 1-48956 12-664 
OlUENE «2.2.2.0. eee eee eee . . ° <v anenal seescecseccsceseee — 7°40 1-48820 12-308: 
Benzene . , “ . --+ —7:30 1-49347 13-244 
Decahydronaphthalene 4 : Decanyarouapithaicn —6-80 1-47418 12-184 
Carbon tetrachloride.. . . Carbon tetrachloride... —6-83 1-46021 12-128 
n-Heptane>.............+ . : : Se: cosesecsesee —621 1-43017 12-064 
cycloHexane ............ ° . , n-Heptane .. eeoeee —6-00 1-39797 12-212 
Hexane ..........00seeeee ° . . Hexane ........sscee000 —579 1+ 12-433 

Polar solvents. 

Acetophenone ° . 12-400 
Bromobenzene ° ° 12-052 
BBMBOD: - 00.0000 000 ccc cc¢ ere : . 12-068 
Chlorobenzene : . 12-004 
Nitrobenzene ............ . . 12-072 
BCCONE . .0c cre ccceencecess ° . 12-036 


It was noted that the disparity between theory and experiment becomes increasingly 
greater on passing up the series, pinane (m. p. — 50°), ssocamphane (m. p. 59°), dibornyl 
(m. p. 86°), and dimenthyl (m. p. 106°), i.e., with rise in m. p. of the hydrocarbon under 
examination. There remained, thecelice, the possibility that the theoretical relationship 
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“ might be realised experimentally with optically active non-polar compounds, which are 
liquids of low solidification point ’”’ (Pryde, Thesis, Edinburgh, 1938, p. 85), in which the 
intermolecular forces would presumably be much weaker than those operating in the case 
of a solid like dimenthyl. The preparation of such a hydrocarbon, especially one of 
aliphatic type having a reasonably high rotatory power, is no simple task. Whilst it was 
still under consideration, a publication by Kenyon and Platt (J., 1939, 633) appeared 
bearing upon this point. The polarimetric data obtained by these investigators for d-y- 
methyl-n-heptane support the above conclusion that the relationship between M and n 
previously observed for d-pinane is entirely fortuitous and does not hold generally for 
saturated hydrocarbons in non-polar media. It is therefore not proposed to extend the 
scope of the present work. 
EXPERIMENTAL. 


1-Dimenthyl.—l-Menthol was treated with phosphorus pentachloride, and the resulting 
mixture of chlorides heated with alcoholic potassium hydroxide for 60 hours. Steam-distil- 
lation, followed by fractionation, yielded the “stable ’’ menthyl chloride (cf. Kursanoff, 
Annalen, 1901, 318, 328), b. p. 98—100°/20 mm., a, — 47-9° (J = 1). Treatment of this with 
sodium wire in ether under various conditions gave only a small amount (1—2%) of solid 
dimenthyl, m. p. 105-5°, [a]) — 49-7° (in benzene, c = 6), together with much menthane and 
menthene. Kursanoff (loc. cit.) records an almost quantitative yield of dimenthyl, m. p. 106°, 
[a] p— 51-3° in benzene. 

The same compound, [a], — 50-0°, was also obtained in 2% yield by converting the 
“stable ” chloride into menthylmagnesium chloride and adding it to an ethereal suspension 
of anhydrous cupric chloride (Sakellarios and Kyrimis, Ber., 1924, 57, 326). Crystallisation 
from alcohol gave a dimenthyl, m. p. 106°, [«]?” — 51-0° in benzene. The products contained 
no chlorine and were completely saturated (Found: C, 86-3; H, 13-8. Calc. for CypHg,: 
C, 86-3; H, 13-7%). 

1-Hydrodicamphene (Dibornyl).—This was obtained from d-pinene hydrochloride, [a]? 
+ 33-24° (in benzene, c = 5), by the method of Sakellarios and Kyrimis (loc. cit.). It had 
m. p. 85-5—86°, [a]? — 19-4° (in benzene, c = 6), and was completely saturated. 

d-isoCamphane.—The hydrogenation of camphene, [a]? — 31-4° (in benzene, c = 8), in 
the presence of platinum-black catalyst was completed within a few minutes. The resulting 
d-isocamphane was completely saturated, m. p. 55°, [«]?” + 4-7° (in benzene, c = 6). From 
a more highly active d-camphene (m. p. 41°, [«]?” + 59-8° in benzene), prepared according 
to Reychler (Bull. Soc. chim., 1896, 15, 371), a slightly more active /-isocamphane was 
obtained, m. p. 59°, [a]#" — 5-41° (in benzene, c = 6). 

d-Pinane.—This was prepared by hydrogenation of d-pinene ([«]) + 47°3°) as described by 
Rule and Chambers (loc. cit.). After purification by Lipp’s method (Ber., 1923, 56, 2098) by 
shaking with weak alkaline permanganate, the product still contained about 5% of un- 
saturated ethylenic hydrocarbon as shown by titration with bromine. The pinane was 
therefore treated with bromine until no further rapid absorption took place. It was then 
refluxed for 3 hours over sodium and distilled; b. p. 166-5°/760 mm., [a]? + 22-1°, dv 
0-8595, nz” 1-46191. The optical data for this sample did not differ appreciably from those 
obtained by Rule and Chambers, using Lipp’s method, and are not repeated here. 


UNIVERSITY OF EDINBURGH. [Received, February 1st, 1940.} 





72. Mechanism of the Reaction between Arylamines and 
- Benzoins. 


By R. M. Cowper and T. S. STEVENs. 


The nature of the products from a pair of unsymmetrically substituted benzoins has 
been determined; it is concluded that the initial point of attack by the amine is the 


carbonyl group, and that the benzoinanil (as I) so formed passes spontaneously into 
the anilinodeoxybenzoin (as III). 


THE product of interaction of benzoin and aniline, which can also be obtained from bromo- 
deoxybenzoin and aniline, has been regarded as benzoinanil (I), but its properties have led 
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most workers to formulate it as anilinodeoxybenzoin (III) (Japp and Murray, J., 1894, 65, 
889; Cameron, Trans. Roy. Soc. Canada, 1929, 23, III, 53); Strain envisages tautomerism 
between the structures (I) and (III) with (II) as an intermediate stage (J. Amer. Chem. Soc., 
1929, 51, 270). 


Ph:¢:NPh Ph-C-NHPh Ph-CH:-NHPh 
Ph:CH-OH Ph-C-OH Ph-CO 
(I.) (II.) (III.) 


It is not clear whether aniline initially attacks the ketonic or the alcoholic group in 
benzoin, and this point has now been elucidated by examining the behaviour of an unsym- 
metrical (‘‘ mixed ’’) benzoin. When “ benzanisoin ’’ (IV), of well-established constitution, 
is treated with aniline, the product is (V), in which the arylamine residue is attached to the 
carbon atom of the original carbonyl group. The constitution of (V) has been established 
by its synthesis from the appropriate bromodeoxybenzoin and by its reductive fission 
to the related deoxybenzoin; the last observation incidentally affords a new ground for 
attributing structures of the type (III) rather than (I) to these bases. It may be inferred 
that the initial product from aniline and benzanisoin is the anil (as I), which isomerises to 
(III) according to Strain’s scheme. This view is confirmed by the failure of methylaniline 
to react with benzanisoin, even at a much higher temperature than the primary amine 
demands. 

The isomeric antlino-ketone (V1) was obtained by the successive action of thionyl chlor- 
ide and aniline on benzanisoin, and also by reactions analogous to those already described. 
The following summary includes other related materials and their transformations : 


R-CH, Zn-H,SO, R-CH-NHPh NH,Ph- R> co R: co. we R: CO 
Ph-CO Ph-CO , PO, Ph‘CH-OH Ph-CH-NHPh mca, * -CH, 


| ot? i rm i et) un | 


R-CHBr NHMePh R-CH-NMePh 2° ¢ ¢ NHMePh R- co 
Ph:CO Ph:CO x Ph: ea 


is wat 
R-CH-NHT RCH-OH RCO 


Ph-CO Ph-CO Ph-CH:-NHT 
(R = p-C,H,-OMe; T = p-C,H,Me.) 


EXPERIMENTAL. 


When a compound was prepared by more than one method, the identity of the products 
was confirmed by mixed m. p. 

Phenyl p-Methoxybenzyl Ketone.—This was best prepared by the circuitous method of Tif- 
feneau and Orékhov (Bull. Soc. chim., 1925, 37, 437), Buck and Ide’s procedure (J. Amer. Chem. 
Soc., 1931, 58, 1536) being less efficient in our hands. An attempt to prepare p-methoxy- 
phenylacetonitrile as an initial material, from the chloride and potassium cyanide in alcohol, 
gave a product, b. p. 125—127°/30 mm., evidently the ethyl ether, b. p. 111—113°/11 mm. 
(Spath, Monatsh., 1914, 35, 330). 

Bromination (compare Cowper and Davidson, Org. Synth., 1939, 19, 24). To phenyl methoxy- 
benzyl ketone (13 g.) in ether (120 c.c.) containing a trace of aluminium chloride, bromine 
(3 c.c.) was added gradually with cooling. After } hr. the mixture was washed with water and 
dried over sodium sulphate, the solvent evaporated, .and the residue crystallised from ligroin; 
yield 16—17 g., m. p. 93°, as found by Jenkins (J. Amer. Chem. Soc., 1934, 56, 683). -Methoxy- 
phenyl «-bromobenzyl ketone (Jenkins, Joc. cit.) was prepared in the same way from methoxy- 
phenyl benzyl ketone (Buck and Ide, J. Amer. Chem. Soc., 1932, 54, 3013). 

Phenyl «a-Anilino-p-methoxybenzyl Ketone (V).—Phenyl a-bromo-p-methoxybenzyl ketone 
(1 mol.) and aniline (2 mols.) were heated on the water-bath for a few minutes. The product was 
dissolved in benzene and filtered from aniline hydrobromide; the residue from evaporation of 
the benzene at room temperature crystallised from alcohol in pale yellow laminz, m. p. 135— 


& 
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136° (Found: N, 4:5. C,,H,,0O,N requires N, 4-4%). The hydrochloride formed soft, white 
needles insoluble in water. In the same way, the appropriate materials yielded the following 
bases: phenyl a-p-toluidino-p-methoxybenzyl ketone, greenish-yellow prisms, m. p. 119—120° 
(Found: N, 4-4. C,,H,,O,N requires N, 42%); phenyl a-methylanilino-p-methoxybenzyl 
ketone, white needles, m. p. 118—119° (Found: N, 4-3. (C,,H,,0O,N requires N, 42%); p- 
methoxyphenyl a-anilinobenzyl ketone, white needles, m. p. 144—145° (Found: N, 4-6. 
Cy,H;,O,N requires N, 4:4%); p-methoxyphenyl a-p-toluidinobenzyl ketone, white prismatic 
needles, m. p. 142—143° (Found: N, 4:3. C,,H,,O,N requires N, 4:-2%); p-methoxyphenyl 
a-methylanilinobenzyl ketone, white prisms, m. p. 160—161° (Found: N, 4-5. C,,H,,0O,N 
requires N, 4:2%). 

Preparation of Phenyl a-Anilino-p-methoxybenzyl Ketone (V) from Benzanisoin (IV).—Benz- 
anisoin (12 g.), aniline (5 g.), and phosphoric oxide (0-5 g.) were heated on the water-bath for 
15 hours. The brown syrup gradually solidified to a yellow mass, which was taken up in 
alcohol and filtered hot. Yellow nodules separated on cooling, and after treatment with sodium 
hydroxide solution these were recrystallised from alcohol, yielding yellow laminz identical with 
those already described. This, the most convenient method, was also applied to the prepar- 
ation of the corresponding p-toluidino-ketone, but when methylaniline was used in place of 
aniline no reaction took place below 170°. By the same method, anisbenzoin, 
MeO-C,H,°CH(OH)-COPh (Asahina and Terasaka, Chem. Zenir., 1923, III, 434), yielded p- 
methoxyphenyl «-anilinobenzyl ketone (VI). 

Action of Thionyl Chloride and Aniline on Benzanisoin.—Benzanisoin (10 g., finely powdered) 
was added gradually with cooling to thionyl chloride (8 g.). The mixture was poured into water, 
and the product isolated by means of ether as a syrup which could not be purified. Treated 
with aniline (2 mols.), this yielded 50% of p-methoxypheny] a-anilinobenzyl ketone (VI). 

Methylation of Phenyl «a-Anilino-p-methoxybenzyl Ketone——The amino-ketone (6 g.) in 
benzene (10 c.c.) containing methyl sulphate (3 c.c.) was treated on the water-bath with succes- 
sive portions of sodium carbonate until effervescence ceased (2 hours), and the residue from 
evaporation of the filtered solution was crystallised from alcohol. This is the most convenient 
source of this ketone. 

Reductive Fission of Phenyl a-A nilino-p-methoxybenzyl Ketone.—The ketone was heated for 
2—3 hours on the water-bath with excess of zinc dust and 20% sulphuric acid, and the phenyl 
methoxybenzyl ketone extracted with ether and crystallised from alcohol; yield, 50%. - 
Methoxyphenyl «-anilinobenzyl ketone similarly afforded p-methoxyphenyl] benzyl ketone. 


The authors acknowledge with gratitude the tenure (by R. M. C.) of a Donaldson Scholar- 
ship from this University and of a Carnegie Scholarship. 
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73. Arylpyridines. Part I. Phenylpyridines and Nitro- 
phenyl pyridines. 
By J. W. Haworts, I. M. HEeILBron, and D. H. Hey. 


A new method is developed for the preparation of arylpyridines, which consists in 
the addition of an aqueous solution of a diazonium salt to an excess of pyridine at 
temperatures varying from about 20° to 70°: RN,Cl + C,H,N —» R‘C,H,N + 
N, + HCl. The yields vary from about 20 to 80% depending on the temperature and 
the amine used. The reaction gives rise to a mixture of a-, B- and y-aryl- 
pyridines. This communication deals with the preparation of the three phenyl- 
pyridines from diazotised aniline and pyridine, and with the nine nitrophenylpyridines 
obtained from diazotised o-, m-, and p-nitroaniline and pyridine. The three phenyl- 
pyridines are separated by fractional crystallisation of the picrates from acetone. The 
constitutions of the products formed in these reactions are established, where necessary, 
by relation to known compounds, ¢.g., «-2-nitrophenylpyridine is reduced to a-2- 
aminophenylpyridine, which gives a-phenylpyridine on elimination of the amino- 
group. In similar manner, $-2-nitrophenylpyridine and y-3-nitrophenylpyridine are 
converted into §-phenylpyridine and y-phenylpyridine respectively. Suggestions 
are put forward with regard to the reaction mechanism, which appears to follow closely 
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that of the biaryl synthesis of Gomberg for which a process involving free radicals has 
been proposed. 


MOuLAU and BERGER (Ber., 1893, 26, 1994), by the action of a suspension of dry solid 
benzenediazonium chloride on pyridine, obtained a mixture of isomeric phenylpyridines 
from which they isolated «-phenylpyridine (18% yield) and a mixture of a- and y-phenyl- 
pyridine (3% yield). Using the same procedure, from the dry diazonium chloride prepared 
from p-aminodimethylaniline, Koenigs and Ruppelt (Annalen, 1934, 509, 142) obtained 
less than 1% of y-4-dimethylaminophenylpyridine * (cf. also Gattermann and Rolfes, 
Annalen, 1921, 425, 151). Kiihling (Ber., 1895, 28, 523; 1896, 29, 165) claimed to have 
obtained «-4-nitrophenylpyridine. in “‘ good yield” by the action of dry sodium #-nitro- 
benzenetsodiazoate on pyridine in presence of glacial acetic acid or acetyl chloride, but 
a repetition of this work by Forsyth and Pyman (J., 1926, 2912) showed that the product 
was a mixture consisting of «-, B- and y-4-nitrophenylpyridine in 15, 5 and 2% yield respect- 
ively. The action of solid dry di-p-nitrobenzenediazosulphide on pyridine is recorded by 
Bamberger and Kraus (Ber., 1896, 29, 274), who obtained a mixture of 4-nitrophenyl- 
pyridines, but no yield was recorded. Moreover the explosive nature of the diazosulphide 
renders this method unattractive. Tschitschibabin (Ber., 1904, 37, 1373) obtained a 
mixture of phenylpyridines in ‘“‘ very small” yield by the action of acetic acid on a mixture 
of aniline, powdered sodium nitrite and pyridine, and the same procedure was later used by 
Tschitschibabin and Schemyakina (Chem. Zentr., 1923, III, 1024), who, from #-nitro- 
aniline and pyridine, obtained a mixture of «- and y-4-nitrophenylpyridine, but no yield was 
recorded. Gomberg and Bachmann (J. Amer. Chem. Soc., 1924, 46, 2339) obtained a 
“ phenylpyridine,”’ m. p. 54—55°, by the addition of aqueous alkali to a mixture of aqueous 
benzenediazonium chloride and pyridine, but again no yield was recorded. The identity 
of this compound is uncertain, since of the three isomeric phenylpyridines y-phenylpyridine 
alone is a solid at the ordinary temperature and melts, according to Forsyth and Pyman 
(loc. cit.), at 74°. 

It would thus appear that existing methods for the preparation of arylpyridines by the 
action of a diazo-compound on pyridine are far from satisfactory. Yields are low, the 
nature of the products is often uncertain, and most of the methods involve the isolation of a 
dry, often explosive, diazo-compound for a reaction in a non-aqueous medium. 

Other methods for the preparation of phenylpyridines not involving the use of diazo- 
compounds have also been described (Skraup and Cobenzl, Monatsh., 1883, 4, 472; 
Hantzsch, Ber., 1884, 17, 1518; Ciamician and Silber, Ber., 1887, 20, 192; Scholtz, Ber., 
1895, 28, 1728; Leben, Ber., 1896, 29, 1678; Pictet, Ber., 1905, 38, 1946; Tschitschibabin, 
J. Russ. Phys. Chem. Soc., 1915, 47, 711; Overhoff and Tilman, Rec. Trav. chim., 1929, 
48,993; Wieland et al., Annalen, 1934, 514, 145), but again the yields are often very poor, 
the reactions involve many stages, and in some cases the claims have been questioned by 
later workers (cf. Walters and McElvain, J]. Amer. Chem. Soc., 1933, 55, 4625). Improved 
methods for the preparation of «-phenylpyridine have recently been introduced by Ziegler 
and Zeiser (Ber., 1930, 63, 1851), Walters and McElvain (loc. cit.), and Bergstrom and 
McAllister (J. Amer. Chem. Soc., 1930, 52, 2845), using either phenyl-lithium or phenyl- 
magnesium bromide, but these reactions cannot be regarded as general, since they would 
be inapplicable to the preparation of many substituted phenylpyridines. 

With regard to the nitrophenylpyridines in which the nitro-group is attached to the 
benzene nucleus Kiihling (/vcc. cit.) claimed to have obtained «-4-nitrophenylpyridine, m. p. 
117° (originally regarded as the y-isomeride), which he reduced to a-4-aminophenylpyridine, 
m. p. 102°." From the same reaction, however, Forsyth and Pyman (loc. cit.) obtained 
a-4-nitrophenylpyridine, m. p. 130-5—131-5°, 6-4-nitrophenylpyridine, m. p. 148—149°, 
and y-4-nitrophenylpyridine, m. p. 123—124°, which on reduction yielded the corre- 
sponding amines melting at 97—98°, 102—104°, and 232—234° respectively. The melting 


* The following method of numbering will be used in this series of papers : 
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point recorded for «-4-nitrophenylpyridine by Tschitschibabin and Schemyakina (loc. cit.) 
is also 131°. From these melting points it is obvious that Kiihling’s product, m. p. 117°, 
is a mixture, and the «-4-nitrophenylpyridine, m. p. 118°, of Bamberger and Kraus (loc. 
cit.) must also be placed in the same category. By the nitration of the phenylpyridines 
Forsyth and Pyman (loc. cit.) obtained «-2-, a-3-, a-4-, B-4-, y-2-, y-3- and y-4-nitrophenyl- 
idine. 

ik new and simple general method is now described for the preparation of aryl- and sub- 
stituted aryl-pyridines. The procedure consists in the slow addition of an aqueous solution 
of a diazonium salt to an excess of pyridine at temperatures varying from about 20° to 
70° depending on the amine used. A brisk evolution of nitrogen takes place as soon as the 
solutions are brought together and a mixture of arylpyridines is obtained in yields varying 
from about 20 to 80% depending on the amine used. If, on the other hand, pyridine is 
added to the aqueous diazonium salt, a point is reached at which a sudden vigorous reaction 
sets in, which in many cases cannot be controlled and much tar is formed. The product 
normally consists of a mixture of the «-, B- and y-isomerides, which can be separated by 
appropriate treatment. The product may be isolated by pouring the reaction mixture into 
water and filtering off the arylpyridine if solid or, if liquid, by addition of alkali, steam- 
distillation to remove the excess of pyridine, and extraction with benzene or ether. The 
yields and purity of the products depend to a certain extent on the quality of the pyridine 
used, pure pyridine giving the best results. If a crude solvent pyridine is used, which 
contains picolines and lutidines, less satisfactory results are obtained. The present 
communication is confined to the preparation of phenyl- and nitrophenyl-pyridines. 

Addition of an aqueous solution of benzenediazonium chloride to an excess of pyridine 
at 30° gave a mixture of phenylpyridines in 40% yield. Separation into the constituent 
isomerides by fractional crystallisation of the picrates showed that all three isomerides were 
present, the a-isomeride preponderating. By addition of an aqueous solution of p-nitro- 
benzenediazonium chloride to an excess of pyridine at 40° a mixture of crude 4-nitro- 
phenylpyridines was obtained in about 75% yield with almost complete absence of tar. 
Separation of the product into its constituent isomerides, following the method described 
by Forsyth and Pyman (loc. cit.), gave pure «-, 8-, and y-4-nitrophenylpyridine in yields of 
24, 9, and 4:5% respectively. A small quantity of a di-4-nitrophenylpyridine, probably 
aa’-di-4-nitrophenylpyridine, was also isolated. Similar reactions were carried out with 
diazotised m-nitroaniline and o-nitroaniline. In the former case a mixture of 3-nitro- 
phenylpyridines was obtained and in the latter a mixture of 2-nitrophenylpyridines, both 
in about 35% yield. In both cases the product was shown to contain all three isomerides, 
which were separated and isolated. Thus, from the interaction of diazotised o-, m-, and 
p-nitroaniline with pyridine all the nine isomeric nitrophenylpyridines, in which the nitro- 
group is attached to the benzene nucleus, have been obtained. 

The constitutions of the nitrophenylpyridines thus prepared depend ultimately on the 
use of a-, B-, and y-phenylpyridine as reference compounds. The constitutions of the three 
phenylpyridines have been placed beyond doubt, since on oxidation «-phenylpyridine 
yields picolinic acid, 6-phenylpyridine nicotinic acid, and y-phenylpyridine ssonicotinic 
acid. The three phenylpyridines form characteristic picrates, which can be identified 
readily both by melting point and by crystalline form. 

The three 4-nitrophenylpyridines obtained from #-nitroaniline were identified by 
correspondence with the melting points established by Forsyth and Pyman. In the case of 
the three 3-nitrophenylpyridines the «-isomeride was identified by correspondence with 
the melting point recorded by Forsyth and Pyman; the constitution of the y-isomeride 
was proved by reduction to y-3-aminophenylpyridine, followed by diazotisation, reduction 
to the hydrazine, and treatment with copper acetate, y-phenylpyridine being then isolated. 
By elimination the third 3-nitrophenylpyridine must be 8-3-nitrophenylpyridine. In the 
case of the three 2-nitrophenylpyridines the constitution of the §-2-nitrophenylpyridine 
was proved by conversion by means of the hydrazine into 6-phenylpyridine, and that of the 
a-isomeride by reduction, diazotisation, and treatment with methyl alcohol to give a- 
phenylpyridine, although in this case a-2-methoxyphenylpyridine was expected, of which 
an authentic specimen was available. By elimination the third isomeride, which was 
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obtained only in small quantity in the form of a picrate, must be :-2-nitrophenylpyridine. 
In general, it is the «-isomeride which predominates in these reactions, but in the reaction 
with o-nitroaniline the proportion of the $-isomeride formed is unusually high, with a 
consequent diminution in the quantity of the y-isomeride. 

With regard to the mechanism of this reaction for the preparation of arylpyridines the 
following observations are pertinent: Addition of pyridine to aqueous #-nitrobenzene- 
diazonium chloride results in no perceptible reaction until the base has been added somewhat 
in excess of that equivalent to the amount of acid (both free and combined) present, after 
which further addition of pyridine results in a vigorous reaction. ' Again, if pyridine is 
added to aqueous p-nitrobenzenediazonium chloride equivalent to the amount of free acid 
present together with sufficient to form an intermediate compound of the type 
NO,°C,H,N:N-NC,H,}Cl, and the resulting mixture is stirred with an excess of benzene, 
p-nitrodiphenyl but no -nitrophenylpyridine is formed. Since aqueous diazonium salts 
do not react with benzene, a reactive intermediate of the type indicated above may be 
involved. Alternatively, the active agent may be the diazohydroxide produced thus : 


C,H,N + NO,-C,H,-N,Cl + H,O — C,H,N,HCI + NO,-C,H,N:N-OH 


and in this case the conditions closely resemble those present in the biaryl synthesis of 
Gomberg (J. Amer. Chem. Soc., 1924, 46, 2339; 1926, 48, 1372). Further, aqueous 
diazonium salts do not react with solutions of quaternary pyridinium salts to yield 
arylpyridines. With aqueous pyridine methiodide, diazotised p-nitroaniline gives only 
p-iodonitrobenzene; with aqueous pyridine methyl methosulphate no action takes place 
at room temperature but on warming f-nitrophenol is formed. 

It appears most likely that the active agent is a diazohydroxide (or diazoic acid) and 
that the underlying mechanism is similar to that which obtains in the biaryl synthesis of 
Gomberg (cf. Hey and Waters, Chem. Reviews, 1937, 21, 169; Grieve and Hey, J., 1938, 
108). The arylpyridine synthesis, however, possesses an additional advantage in that the 
whole reaction proceeds in a homogeneous medium, whereas in the biaryl synthesis a two- 
phase system is involved. This probably accounts for the fact that, in general, the yields 
in the arylpyridine reaction are very much higher than those in the biaryl reaction. Further 
as in the Gomberg biaryl synthesis, the available evidence also favours a free-radical 
mechanism for the arylpyridine synthesis, since, in general, all three isomeric arylpyridines 
are formed. This indicates that the normal polar directive influences of the pyridine 
nucleus are not operating, either in any process of direct substitution or in any process 
involving a migration reaction from the nitrogen atom. 


EXPERIMENTAL. 


Action of Diazotised Aniline on Pyridine.—An aqueous solution of benzenediazonium chloride, 
prepared in the normal manner from aniline (30 g.), was dropped during 2 hours into pyridine 
(300 c.c.) with stirring at 30°. Nitrogen was freely and continuously evolved and the solution 
darkened. The reaction was completed by warming on the steam-bath for l hour. Concentrated 
aqueous sodium hydroxide was added to the mixture when cold and the pyridine layer was 
separated, poured into water, and extracted with ether. The extract, dried over potassium 
hydroxide, was distilled, finally under reduced pressure. A mixture of phenylpyridines (20 g.) 
was collected at 170—190°/10—20 mm. When cold, some y-phenylpyridine separated in colour- 
less flakes, but was not removed by filtration. The whole, dissolved in a small quantity of 
alcohol, was added to a hot solution of picric acid (23 g.) in alcohol (300 c.c.), and the mixture 
heated to boiling and filtered hot. A yellow residue (12 g., A) was obtained and the filtrate, 
on cooling, deposited a further precipitate of picrate (28 g., B). Fractions (A) and (B) were 
separately submitted to systematic fractional crystallisation from acetone. The former yielded 
mainly y-phenylpyridine picrate; the latter consisted largely of the a-isomeride together with 
some of the f-isomeride. The final products from the fractional crystallisations were: (a) 
«-phenylpyridine picrate, large, yellow, rhombic prisms (12 g.), m. p. 175—176° (Found: C, 
53-2; H, 3-6. Calc. for C,,H,N,C,H,;0,N,: C, 53-1; H, 3-1%); (b) 8-phenylpyridine picrate, 
long, silky, yellow needles (5 g.), m. p. 159—160° (Found : C, 53-4; H, 2.8%); and (c) y-phenyl- 
pyridine picrate, hard orange needles (5 g.), m. p. 195—196° (Found ; C, 53-4; H, 3-2%). The 
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m. p.’s previously recorded for the three picrates are 176—177° (Forsyth and Pyman, loc. cit.), 
162—164° (Forsyth and Pyman, Joc. cit.), and 195—196° (Hantzsch, loc. cit.) respectively. Ina 
second experiment the solid y-phenylpyridine, which separated from the distillate on cooling, 
was filtered off. After crystallisation from light petroleum (b. p. 60—80°) it melted at 69—70°, 
and yielded a picrate, m. p. 195—196°. The three phenylpyridines were isolated from the 
picrates by warming with 5% aqueous sodium hydroxide, followed by extraction with ether. 
The extracts were dried over potassium hydroxide and after removal of the ether the free bases 
were obtained as yellow oils, the y-isomeride only solidifying when cold. 

Action of Diazotised p-Nitroaniline on Pyridine-—An aqueous solution of p-nitrobenzene- 
diazonium chloride (from p-nitroaniline, 70 g.) was added dropwise during 2 hours to pyridine 
(500 c.c.) stirred at 40°; the heat of reaction maintained the temperature. Nitrogen was 
freely evolved. The reaction was completed by warming on the steam-bath for 1 hour. The 
mixture, containing some nitrophenylpyridine in suspension, was then poured into a large 
volume of water, and the brown precipitate obtained was filtered off, washed, and dried in a 
steam-oven. The product (75 g.) was dissolved in boiling benzene (300 c.c.) and filtered from 
some insoluble matter. When cold, a yellow solid (0-5 g.) separated, which after sublimation 
in a vacuum and crystallisation from nitrobenzene yielded a compound, regarded as aa’-di-4- 
nitrophenylpyridine, in fibrous needles, m. p. 293° (Found: C, 63-1; H, 3-6. C,,H,,0,N, 
requires C, 63-5; H, 3-4%). Removal of benzene from the filtrate left a yellow solid residue of 
nitrophenylpyridines (55 g., m. p. 105—-115°). Alternatively the crude product may be purified 
by direct distillation under reduced pressure, the distillate being collected at 170—220°/<1 mm. 
as a yellow solid (45 g. from 70 g. of p-nitroaniline) rather purer than that obtained in the former 
method. Separation into the constituent isomerides was effected by the method of Forsyth 
and Pyman (loc. cit.), 100 g. of the purified mixed nitrophenylpyridines giving a-, m. p. 130— 
131° (Found: C, 66-2; H, 4-0. Calc.: C, 66-0; H, 40%), 6-, m. p. 146—147° (Found: N, 
13-9. Calc.: N, 140%), and y-4-nitrophenylpyridine, m. p. 122—123° (Found: N, 14-0%), in 
yields of 54 g., 20 g., and 10 g. respectively. The three bases were converted into picrates by 
treatment with alcoholic picric acid, followed by crystallisation from acetone, from which they 
separated in fibrous needles. «-4-Nitrophenylpyridine picrate melted at 168° (Tschitschibabin 
and Schemyakina, loc. cit., record m. p. 167—167-5°) (Found: C, 47-8; H, 2-6. Calc.: C, 
47-6; H, 2-6%), B-4-nitrophenylpyridine picrate at 220° (Found : N, 16-0. C,,H,0O,N,,C,H,O,N, 
requires N, 16-3%), and y-4-nitrophenylpyridine picrate at 228—-229° (Found : N, 16-6%). 

Action of Diazotised m-Nitroaniline on Pyridine.—An aqueous solution of m-nitrobenzene- 
diazonium chloride (from m-nitroaniline, 70 g.) was added to pyridine (500 c.c.) as described 
above for the corresponding reaction with p-nitroaniline. The reaction mixture was made 
strongly alkaline with ammonia, and the excess of pyridine removed with steam. The viscous 
dark oil, which separated when cold, was extracted with benzene, and the extract filtered from 
insoluble matter, dried, and distilled. After removal of the benzene the m-nitrophenylpyridines 
(35 g.) were collected at 160—190°/<1 mm. as a yellow oil, which solidified when cold. It was 
dissolved in hot 5n-hydrochloric acid (66 c.c.), from which solution the hydrochlorides of «- and 
f-3-nitrophenylpyridine separated on cooling. Addition of ammonia liberated the free bases 
(13 g.). Evaporation of the hydrochloric acid mother-liquor deposited further quantities of the 
hydrochlorides, which on basification yielded more base (12 g.). Addition of alkali to the final 
mother-liquor gave crude y-3-nitrophenylpyridine (5 g.), which was purified as the nitrate 
by crystallisation from 2n-nitric acid. Basification of the nitrate, followed by treatment with 
alcoholic picric acid, gave y-3-nitrophenylpyridine picrate, which separated from acetone in 
fibrous yellow needles, m. p. 250° (Found: C, 47-8; H, 3-0. C,,H,O,N,,C,H,O,N, requires C, 
47-6; H, 2.6%). The pure free base, regenerated from the picrate by treatment with 5% 
aqueous sodium hydroxide, separated as an oil which solidified. Crystallisation from acetone— 
light petroleum (b. p. 60—80°) gave y-3-nitrophenylpyridine in colourless needles, m. p. 109— 
110° (Found: N, 14-2. Calc.: N, 14-0%) (Forsyth and Pyman, loc. cit., record m. p. 109— 
110°). The mixture containing a- and §-3-nitrophenylpyridine was subjected to fractional 
crystallisation from alcohol, which yielded «-3-nitrophenylpyridine in colourless needles, m. p. 
74° (Forsyth and Pyman give m. p. 73—74°) (Found: C, 66-0; H, 3-8. Calc.: C, 66-0; H, 
40%), and, on concentration of the mother-liquors, B-3-nitrophenylpyridine, which was purified 
by crystallisation first of the hydrochloride from 5n-hydrochloric acid and finally of the free base 
from acetone-light petroleum (b. p. 60—80°), from which it separated in colourless needles, 
m. p. 101—102° (Found : N, 13-8. C,,H,O,N, requires N, 14-0%). The bases were separately 
treated with hot alcoholic picric acid; the resulting picrates separated from acetone in yellow 
needles, The picrate of a-3-nitrophenylpyridine melted at 157° (Found: C, 47-7; H, 2-6. 
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C,,H,O,N,,C,H,O,N, requires C, 47-6; H, 2-6%), and that of the B-isomeride at 200—201° 
(Found : C, 47-5; H, 2-8%). 

Conversion of y-3-Nitrophenylpyridine into y-Phenylpyridine.—A solution of stannous chloride 
(6 g.) in concentrated hydrochloric acid (12 c.c.) was added to a solution of y-3-nitropheny]l- 
pyridine (1 g.) in concentrated hydrochloric acid (2 c.c.) and warmed on the steam-bath for ] 
hour. ‘y-3-Aminophenylpyridine, liberated by the addition of aqueous sodium hydroxide, was 
extracted with ether, recovered (0-6 g.), dissolved in a mixture of concentrated hydrochloric 
acid (4 c.c.) and water (6 c.c.), and diazotised at 5—10° with sodium nitrite (0-3 g.) in water. 
A cold solution of stannous chloride (3 g.) in hydrochloric acid (6 c.c.) was then added and after 
1 hour the y-3-hydrazinophenylpyridine was liberated with aqueous sodium hydroxide and 
extracted with benzene. The product obtained on removal of solvent was dissolved in glacial 
acetic acid (4 c.c.), and powdered copper acetate (1-5 g.) added. After removal of copper as 
sulphide, the filtrate was made alkaline and extracted with ether. Removal of the ether from 
the dried extract left y-phenylpyridine, which was identified as the picrate, m. p. and mixed 
m. p. 195—196° 

Action of Diazotised o-Nitroaniline on Pyridine.—An aqueous solution of o-nitrobenzene- 
diazonium chloride (from o-nitroaniline, 70 g.) was added to pyridine (500 c.c.), and the product 
worked up as described above for the corresponding reaction with m-nitroaniline. Removal of 
the benzene left a residue which on distillation under reduced pressure yielded a mixture of o- 
nitrophenylpyridines as an orange liquid (33 g.), b. p. 220—235°/40—50 mm. This was dissolved 
in hot alcohol and added to a hot solution of picric acid (36 g.) in alcohol (330 c.c.). The mixture 
of picrates (58 g.), which separated on cooling, was fractionally crystallised from acetone. 
B-2-Nitvophenylpyridine picrate (23 g.) separated first in sparingly soluble, fibrous, yellow 
needles, m. p. 182—183° after recrystallisation from acetone (Found: C, 47-6; H, 3-0. 
C,,H,O,N,,C,H,O,N, requires C, 47-6; H, 2-6%). Concentration of the original acetone 
mother-liquors gave a-2-nitrophenylpyridine picrate (20 g.) in yellow prisms, m. p. 151—152° 
after recrystallisation from acetone (Found: C, 47-8; H, 2.8%). Further concentration of the 
acetone mother-liquors yielded y-2-nitrophenylpyridine picrate (<1-5 g.) in orange-yellow needles, 
m. p. 206—207° (Found: N, 16-1. C,,H,O,N,,C,H,O,N, requires N, 16-3%). The free base 
prepared from «-2-nitrophenylpyridine picrate by treatment with warm 5% aqueous sodium 
hydroxide separated as an oil, which solidified; m. p. 58—59° after crystallisation from ether 
(Forsyth and Pyman, Joc. cit., record m. p. 60—61°). §-2-Nitrophenylpyridine was similarly 
obtained as a pale yellow oil which did not solidify. 

Conversion of «a-2-Nitrophenylpyridine into a-Phenylpyridine.—a-2-Nitrophenylpyridine 
(0-5 g.) was reduced with stannous chloride as described above for y-3-nitrophenylpyridine. 
The a-2-aminophenylpyridine (0-3 g.), obtained as a pale yellow oil, was dissolved in concentrated 
hydrochloric acid (2 c.c.), diazotised at 5—10° with a solution of sodium nitrite (0-15 g.) in 
water, methyl alcohol (50 c.c.) added, and the mixture boiled under reflux for 2 hours. The 
solution was evaporated to small bulk, poured into dilute aqueous sodium hydroxide, and 
extracted with ether. Removal of the ether left a yellow oil, which on treatment with hot 
alcoholic picric acid gave a-phenylpyridine picrate which separated from acetone in yellow 
prisms, m. p. and mixed m. p. 175—176°. 

Conversion of §-2-Nitrophenylpyridine into 8-Phenylpyridine.—®-2-Nitrophenylpyridine 
(2-2 g.) was reduced by means of stannous chloride in hydrochloric acid, and the resulting 
§-2-aminophenylpyridine (1-5 g.) diazotised, reduced to the hydrazine, and treated with copper 
acetate exactly as described above for the conversion of y-3-nitrophenylpyridine into y-phenyl- 
pyridine. The resulting 6-phenylpyridine was obtained as a yellow oil giving a picrate, which 
separated from acetone in yellow needles, m. p. and mixed m. p. 159—160°. 

Experiments on Reaction Mechanism.—Suspensions of -nitroaniline (10 g.) in a mixture of 
hydrochloric acid (d 1-16, 25 c.c.) and water (15 c.c.) were diazotised with sodium nitrite (5 g.) 
and treated as follows: (a) A quantity of pyridine (8-4 g.) equivalent to the amount of excess 
acid present was added to one batch. No action was observed. After addition of a further 
quantity of pyridine (6-6 g.) again no action was observed, but addition of yet a further quantity 
(7-0 g.) resulted in an extremely vigorous reaction with production of much tar. Addition of 
water precipitated more tarry material, from which a mixture of crude 4-nitrophenylpyridines 
(3 g.) was extracted with hot 5n-hydrochloric acid. (b) Pyridine (15 c.c.) was added to a second 
batch, and the resulting solution added to benzene (200 c.c.) and stirred overnight. After 
filtration the benzene layer was separated and after evaporation of the benzene the residue was 
distilled. A fraction (2-6 g.) was collected at 330°, which on crystallisation from alcohol gave 
4-nitrodiphenyl, m. p. and mixed m. p. with an authentic specimen 112—113°. No nitro- 
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phenylpyridine could be extracted either from the distillate or from the residue with hot hydro- 
chloric acid. (c) A third batch of the diazonium solution was added dropwise to a solution of 
pyridine methiodide (50 g.) in water (100 c.c.). Nitrogen was evolved, and a brown solid 
deposited. After warming on the steam-bath to complete the reaction, the precipitated solid 
(14 g.) was collected; on sublimation it yielded p-iodonitrobenzene, m. p. 170°. (d) A fourth 
batch was added dropwise to a solution of pyridine methyl methosulphate (80 g.) in water (100 
c.c.). No action took place in the cold. On warming, nitrogen was evolved and from the clear 


solution, decanted from some tarry matter, ether extracted p-nitrophenol, m. p. and mixed 
m. p. with an authentic specimen 112—113° 
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74. Arylpyridines. Part II. Some Substituted Phenylpyridines. 
By E. C. Butrerwortu, I. M. HEmsron, and D. H. Hey. 


By means of the method described in Part I a number of substituted arylpyridines 
have been prepared from the reactions between diazotised substituted anilines and 
pyridine. This may be regarded as a general characteristic reaction of aqueous di- 
azonium salts. -Chloroaniline, ~-bromoaniline, p-phenetidine, and »-aminobenzoic 
acid were used and in each case two of the three possible isomeric products were shown 
to be formed. a-4-Chloro- and a-4-bromo-phenylpyridine were identified by comparison 
with the corresponding products obtained from a-4-aminophenylpyridine by means of 
the Sandmeyer reaction. «-4-Aminophenylpyridine has also been converted into 
a-4-hydroxyphenylpyridine, «-4-iodophenylpyridine and «a-4-cyanophenylpyridine. 
Hydrolysis of the last gave a-phenylpyridine-4-carboxylic acid, identical with one of 
the products obtained from the reaction between diazotised p-aminobenzoic acid and 
pyridine. 


THE reaction described in Part I (preceding paper) is now shown to be of general applic- 
ability by its employment with a number of simple substituted anilines. In every case 
a mixture of isomerides is formed, from which, in general, the pure constituents can be 
isolated readily by fractional crystallisation of the picrates from acetone. Although it is 
held that, as with diazotised aniline and the nitroanilines (cf. Part I, Joc. cit.), all three 
isomeric arylpyridines are doubtless formed, in the experimental work now described only 
two isomerides have actually been isolated in each case, the major product being the «- 
isomeride. In the absence of evidence to the contrary the second constituent is tentatively 
regarded as the y-isomeride, which, as indicated in Part I (loc. cit.), is likely to be less soluble 
than the B-isomeride, which would remain in the final mother-liquors. The failure to isolate 
the third isomeride is attributed solely to practical difficulties and working with in- 
sufficient quantities. 

The action of aqueous solutions of diazotised p-chloro- and #-bromo-aniline on pyridine 
gave a mixture of two isomeric 4-chloro- and 4-bromo-phenylpyridines respectively. Both 
«-4-chlorophenylpyridine and «-4-bromophenylpyridine were characterised by their identity 
with the corresponding compounds prepared from «-4-aminophenylpyridine by means of 
the Sandmeyer reaction. Diazotised #-phenetidine and pyridine gave, in like manner, a 
mixture from which two isomerides were isolated, one of which was obviously identical 
with the «-4-ethoxyphenylpyridine prepared by Forsyth and Pyman (J., 1926, 2912) from 
diazotised «-4-aminophenylpyridine and ethyl alcohol. «-4-Aminophenylpyridine has also 
been converted by means of the Sandmeyer reaction into «-4-hydroxyphenylpyridine, 
«-4-todophenylpyridine, and a-4-cyanophenylpyridine. Hydrolysis of the last gave a- 
phenylpyridine-4-carboxylic acid, which was converted into its methyl ester. The a-phenyl- 
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pyridine-4-carboxylic acid was identical with one of the products isolated from the action 
of diazotised p-aminobenzoic acid on pyridine. The latter reaction was also shown to give 
rise to the formation of some :y-phenylpyridine-4-carboxylic acid, since decarboxylation of 
the crude product gave both «- and y-phenylpyridine. 


EXPERIMENTAL. 


Action of Diazotised p-Chloroaniline on Pyridine.—An aqueous solution of p-chlorobenzene- 
diazonium chloride (from p-chloroaniline, 22 g.) was added slowly to pyridine (250 c.c.) with 
stirring at room temperature. After standing overnight, aqueous sodium hydroxide was added, 
and the excess of pyridine rapidly removed with steam. Steam-distillation was then continued 
for several hours, and the distillate extracted with ether and dried. After removal of solvent 
the residue, distilled under reduced pressure, gave a mixture of 4-chlorophenylpyridines (12 g., 
b. p. 170—210°/14 mm.) as an oil, which partly solidified. The product was treated with 
alcoholic picric acid, and the resulting picrates fractionally crystallised from acetone. The less 
soluble picrate, m. p. 225—227° (Found: C, 48-9; H, 2°7. C,,H,NCI,C,H,O,N, requires C, 
48-8; H, 2-6%), yielded with aqueous alkali a compound regarded as y-4-chlorophenylpyridine, 
which crystallised from light petroleum (b. p. 40—60°) in white needles, m. p. 70—71° (Found : 
C, 69-9; H, 4:1. C,,H,NCl requires C, 69-7; H, 42%). The more soluble isomeride, a-4- 
chlorophenylpyridine picrate, separated in yellow needles, m. p. 169—170° both alone and on 
admixture with the chlorophenylpyridine picrate prepared below from «-4-aminophenylpyridine. 
Treatment with aqueous alkali gave a-4-chlorophenylpyridine, which crystallised from light 
petroleum (b. p. 40—60°) in white needles, m. p. and mixed m. p. 52—53°, 

Action of Diazotised p-Bromoaniline on Pyridine-—An aqueous solution of p-bromobenzene- 
diazonium chloride (from p-bromoaniline, 43 g.) was added gradually with stirring to pyridine 
(250 c.c.) at room temperature. After standing overnight, the excess of pyridine was removed 
with steam and the residue, made strongly alkaline with aqueous sodium hydroxide, was 
extracted with ether and dried. After removal of solvents at ordinary pressure further distillation 
under reduced pressure yielded an oil (10 g.), b. p. 200—230°/28 mm. Treatment with alcoholic 
picric acid, followed by fractional crystallisation of the picrates from acetone, gave a less soluble 
picrate, m. p. 213—214° (Found: C, 44-2; H, 2-2. C,,H,NBr,C,H,O,N, requires C, 44-0; 
H, 2-4%), from which aqueous alkali liberated a compound regarded as y-4-bromophenylpyridine, 
m. p. 129—131° after crystallisation from light petroleum (b. p. 40—60°) (Found: C, 56-8; 
H, 3-6. C,,H,NBr requires C, 56-5; H, 3-4%). Concentration of the acetone mother-liquors 
gave a-4-bromophenylpyridine picrate in yellow needles, m. p. 168°, both alone and on admixture 
with the picrate of the bromophenylpyridine prepared below from «-4-aminophenylpyridine. 
The free base, liberated by treatment with alkali, separated from light petroleum (b. p. 40—60°) 
in white needles, m. p. and mixed m. p. 62°. 

Action of Diazotised p-Phenetidine on Pyridine.—An aqueous solution of p-ethoxybenzene- 
diazonium chloride (from p-phenetidine, 34 g.) was added to pyridine (250 c.c.), and the product 
treated as described above for the corresponding reaction with -chloroaniline. Steam- 
distillation gave an oil which solidified. The solid distillate (20 g.), dissolved in alcohol, was 
treated with an equivalent of picric acid dissolved in hot alcohol and the mixture of picrates 
thus obtained was submitted to fractional crystallisation from acetone. «-4-Ethoxyphenyl- 
pyridine picrate separated first in yellow needles, m. p. 169—170° (cf. Forsyth and Pyman, 
loc. cit.), and concentration of the mother-liquors yielded a second isomeric picrate, m. p. 199— 
200° (Found : C, 53-4; H, 3-8. C,,;H,,0ON,C,H,O,N, requires C, 53-3; H, 3-7%). Treatment 
of the former picrate with 5% aqueous sodium hydroxide liberated «-4-ethoxyphenylpyridine, 
which separated from light petroleum (b. p. 40—60°) in white needles, m. p. 75°. Treatment of 
the latter picrate in similar manner gave an isomeride, regarded as y-4-ethoxyphenylpyridine, 
which separated from light petroleum (b. p. 40—60°) in white needles, m. p. 100—101° (Found : 
C, 78-2; H, 6-6. C,,;H,,ON requires C, 78-4; H, 6-5%). 

Action of Diazotised p-Aminobenzoic Acid on Pyridine.—The diazonium solution prepared 
from a suspension of p-aminobenzoic acid (34 g.) in a mixture of concentrated hydrochloric acid 
(90 c.c.) and water (100 c.c.) by addition of aqueous sodium nitrite (17-5 g. in 40 c.c.) at 5—10° 
was dropped during 2 hours into pyridine (300 c.c.) stirred at 30—40°. The reaction mixture 
was then warmed on the steam-bath for } hour, and the pyridine subsequently removed with 
steam. The brown solid (31 g.) which separated on cooling was filtered off, washed, and dried, 
and a further quantity (11 g.) was precipitated on neutralisation of the filtrate with aqueous 
sodium hydroxide. Purification was effected by sublimation in a vacuum, followed by repeated 
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crystallisation from alcohol, in which the phenylpyridinecarboxylic acid was sparingly soluble. 
Pure a-phenylpyridine-4-carboxylic acid was obtained, m. p. 228—229° both alone and on 
admixture with the acid prepared below from the hydrolysis of «-4-cyanophenylpyridine (Found : 
C, 72-6; H, 4-6. Calc. for C,,H,O,N: C, 72-4; H, 45%). Decarboxylation of the crude 
product (10 g.) by distillation with soda-lime (25 g.) yielded a mixture of phenylpyridines, the 
picrates of which were fractionally crystallised from acetone. Both a-phenylpyridine picrate 
(m. p. and mixed m. p. 173—174°) and y-phenylpyridine picrate (m. p. and mixed m. p. 193— 
194°) were isolated. A portion of the crude product (8 g.) was boiled under reflux for 3 hours with 
methyl alcohol (100 c.c.) saturated with dry hydrogen chloride. After removal of the greater 
portion of the alcohol by distillation, the residue was diluted, made slightly alkaline, and 
extracted with ether. The residue (6 g.) obtained on evaporation of the ether was purified by 
sublimation in a vacuum, followed by crystallisation from light petroleum (b. p. 40—60°), which 
gave methyl a-phenylpyridine-4-carboxylate in white plates, m. p. 90° (Found: C, 73-3; H, 4-9. 
C,3H,,;0,N requires C, 73-2; H, 5-2%). A sample of the pure acid (m. p. 228—229°) esterified 
in similar manner gave an identical product. 

Reactions with a-4-Aminophenylpyridine.—a-4-Nitrophenylpyridine (m. p. 130—131°), 
prepared from diazotised p-nitroaniline and pyridine as described in Part I (preceding paper), 
was reduced to a-4-aminophenylpyridine, m. p. 96° (Found: C, 77-9; H, 5-6. Calc. for 
C,,HipN,: C, 77-7; H, 5-85%), as described by Forsyth and Pyman (loc. cit.). Solutions of «- 
4-aminophenylpyridine (4 g.) in a mixture of concentrated hydrochloric acid (10 c.c.) and water 
(15 c.c.) were diazotised at 10° with a solution of sodium nitrite (3-5 g.) in water (20 c.c.) and the 
following reactions were carried out : (a) The diazonium solution was diluted with water (80 c.c.) 
and heated gradually to about 90°. When evolution of nitrogen had ceased, ammonia was 
added until the solution was just alkaline; the excess of ammonia was then removed by heating. 
The solid which separated from the resulting neutral solution was filtered off, washed, and dried. 
Crystallisation from light petroleum (b. p. 80—100°) gave a-4-hydroxyphenylpyridine in white 
needles, m. p. 159—160° (Found: C, 77-2; H, 5-1. Calc. for C,,H,ON: C, 77-2; H, 5-3%) 
(Tschitschibabin and Schemyakina, Chem. Zenitr., 1923, III, 1024, recorded m. p. 160°). (b) The 
diazonium solution was added in portions with stirring to a solution of cuprous chloride [prepared 
by passing sulphur dioxide into a mixture of copper sulphate (6 g.) and sodium chloride (3 g.) 
in water (20 c.c.) at 60—70° and subsequent filtration and washing] in concentrated hydro- 
chloric acid (5 c.c.). After the reaction mixture had been heated on the steam-bath, it was 
made alkaline with aqueous sodium hydroxide and steam-distilled. The cooled steam-distillate 
deposited «-4-chlorobhenylpyridine, which separated from light petroleum (b. p. 40—60°) in 
white needles, m. p. 52—53° (Found : C, 69-7; H, 4:2. C,,H,NCl requires C, 69-7; H, 4-2%). 
The picrate, prepared in alcoholic solution in the usual way, separated from acetone in yellow 
needles, m. p. 169—170° (Found: C, 49-0; H, 3-0. C,,H,NCI,C,H,O,N, requires C, 48-8; 
H, 2-6%). (c) The diazonium solution was added in portions with stirring to a solution of 
cuprous bromide [prepared by passing sulphur dioxide into a mixture of copper sulphate (3 8.) 
and potassium bromide (1-5 g.) in water (25 c.c.) and subsequent filtration and washing] in 
hydrobromic acid (d 1-49, 5 c.c.) cooled in ice. When evolution of nitrogen had slackened, the 
mixture was heated on the steam-bath for 1 hour. The cooled mixture was made alkaline with 
aqueous sodium hydroxide, and the bromo-compound filtered off. Crystallisation from light 
petroleum (b. p. 40—60°) gave a-4-bromophenylpyridine in white needles, m. p. 62° (Found : 
C, 56-8; H, 3-2. C,,H,NBr requires C, 56-5; H, 3-4%). The picrate, prepared in the usual 
manner, crystallised from alcohol in yellow needles, m. p. 168° (Found: C, 43-7; H, 2-3. 
C,,H,NBr,C,H,O,N, requires C, 44-0; H, 2-4%). (d) To the cold diazonium solution, a solution 
of potassium iodide (3 g.) in water (5c.c.) was added gradually with stirring. After 3 hours the 
mixture was heated gently until evolution of nitrogen had ceased. Addition of aqueous sodium 
hydroxide to the cooled reaction mixture precipitated «-4-iodophenylpyridine, which separated 
from light petroleum (b. p. 40—60°) in white needles, m. p. 85—86° (Found: C, 47-0; H, 3-1. 
C,,H,NI requires C, 47-0; H, 2-85%). (e) The diazonium solution was added in 5 c.c. portions 
and with frequent shaking to a warm solution of cuprous cyanide, prepared by adding aqueous 
potassium cyanide (3-5 g. in 10 c.c.) to warm aqueous copper sulphate (3 g. in 12-5c.c.). Rapid 
evolution of nitrogen occurred and when addition of the diazonium solution was complete the 
mixture was warmed on the steam-bath. The mixture, rendered slightly alkaline with ammonia, 
was subjected to distillation with steam. When cold, the aqueous distillate deposited «-4- 
cyanophenylpyridine, which crystallised from light petroleum (b. p. 40—60°) in white needles, 
m. p. 97—98° (Found : C, 79-7; H, 4-2. C,,H,N, requires C, 80-0; H, 4-4%). A portion of the 
nitrile (1 g.) was hydrolysed by boiling under reflux with 10% aqueous sodium hydroxide 
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(25 c.c.). To the cold solution, dilute hydrochloric acid was cautiously added until precipitation 
of the carboxylic acid was complete. The acid was filtered off, dried, and sublimed in a vacuum. 
a-Phenylpyridine-4-carboxylic acid was obtained as a white microcrystalline powder, m. p. 
232° (Found: C, 72-4; H, 4-5. C,,H,O,N requires C, 72-4; H, 45%). 


THE UNIVERSITY, MANCHESTER. [Received, January 8th, 1940.] 





75. Arylpyridines. Part III. Anisyl- and Nitroanisyl- 
pyridines. 
By J. W. Hawortu, I. M. HEILBRoN, and D. H. Hey. 


Further examples of the preparation of arylpyridines by the action of aqueous 
diazonium solutions on pyridine are described. The action of diazotised o-, m-, and 
p-anisidine on pyridine gives mixtures of the 2-, 3-, and 4-methoxyphenylpyridines 
respectively. In the case of o-anisidine all three isomerides («-, B-, and y-2-methoxy- 
phenylpyridine) are isolated, but with m- and p-anisidine only two isomerides are 
isolated in each case. The constitutions of the products are proved by their conver- 
sion into or synthesis from known compounds by unambiguous methods; e.g., «-2- 
methoxyphenylpyridine is oxidised to picolinic acid, and a-3-, «-4-, and B-2-methoxy- 
phenylpyridine are prepared from the appropriate known nitrophenylpyridines by 
reduction and replacement of the amino-group by methoxyl. Nitration of both 
a-2- and «-4-methoxyphenylpyridine yields a single nitromethoxyphenylpyridine, the 
constitution of which is established by its synthesis by the action of the appropriate 
diazotised nitroanisidine on pyridine. The reactions described supply additional 
evidence for the general nature of this method for the preparation of arylpyridines. 


THE new method for the preparation of arylpyridines described in Part I (this vol., p. 349) 
is now applied to the preparation of a series of anisyl- and nitroanisyl-pyridines, thus 


supplying additional evidence of the general nature of the reaction. 

The action of diazotised o-anisidine on pyridine gave a mixture of 2-methoxyphenyl- 
pyridines in 50% yield. Fractional crystallisation of the picrates gave three isomeric 
products melting at 155—156°, 182°, and 205°. The picrate, m. p. 155--156°, which 
constitutes the major product of the reaction, gave, on treatment with alkali, «-2-methoxy- 
phenylpyridine, the constitution of which was proved by oxidation with acid perman- 
ganate to give picolinic acid. The picrate, m. p. 182°, was shown to be that of 8-2-methoxy- 
phenylpyridine, which was prepared from §-2-nitrophenylpyridine, by reduction to the 
amine, subsequent diazotisation, and reaction with methyl alcohol. This reaction is in 
sharp contrast to the action of methyl alcohol on diazotised «-2-aminophenylpyridine, 
which gave «-phenylpyridine and not «-2-methoxyphenylpyridine (see Part I). By 
elimination the third picrate, m. p. 205°, must be that of y-2-methoxyphenylpyridine. 
Nitration of «-2-methoxyphenylpyridine gave a single product, shown to be «-5-nitro-2- 
methoxyphenylpyridine, since the same compound was isolated from the product obtained 
from the action of diazotised 5-nitro-2-methoxyaniline on pyridine. The action of diazo- 
tised 4-nitro-2-methoxyaniline on pyridine gave a mixture of 4-nitro-2-methoxyphenyl- 
pyridines in 21% yield, from which two isomerides were isolated. These are regarded as 
a- and y-4-mitro-2-methoxyphenylpyridine. 

The action of diazotised -anisidine on pyridine gave, in like manner, a mixture of 4- 
methoxyphenylpyridines in 54% yield. Fractional crystallisation of the picrates gave two 
isomerides, m. p. 191—192° and 205—206°, which on treatment with alkali liberated two 
bases, m. p. 49—50° and 95° respectively. The former, which predominates, was shown 
to be a-4-methoxyphenylpyridine by its synthesis from a-4-nitrophenylpyridine by succes- 
sive reduction, diazotisation, and treatment with methyl alcohol. By analogy with pre- 
vious results the base, m. p. 95°, is regarded as y-4-methoxyphenylpyridine. Nitration of 
a-4-methoxyphenylpyridine gave a single product, shown to be «a-3-mitro-4-methoxy- 
phenylpyridine, since the same compound was isolated from the product obtained from the 
action of diazotised 3-nitro-4-methoxyaniline on pyridine. 
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The action of diazotised m-anisidine on pyridine gave a mixture of 3-methoxypheny]l- 
pyridines in 30% yield, from which two isomerides were isolated as picrates, m. p. 154— 
155° and 203—204°. The former, which is the major product, was shown to be «-3- 

methoxyphenylpyridine picrate by its identity with the picrate obtained from the compound 
prepared from «-3-nitrophenylpyridine by reduction to the amine, subsequent diazotis- 
ation, and treatment with methyl alcohol. The second isomeride is regarded as y-3- 
methoxyphenylpyridine picrate. 

It is highly probable that in all three reactions between the diazotised anisidines and 

yridine, as in the corresponding reactions between the diazotised nitroanilines and pyri- 
dine (Part I, loc. cit.), three isomeric anisylpyridines are formed in each case, although 
only in the case of o-anisidine was it possible to isolate all three products. In the nitr- 
ation of both «-2-methoxyphenylpyridine and a-4-methoxyphenylpyridine it is, as expected, 
the powerful of-directing influence of the methoxyl group which determines the position 
taken up by the entering group. 


EXPERIMENTAL. 


Action of Diazotised 0-Anisidine on Pyridine.—A solution of o-anisidine (31 g.) in a mixture 
of concentrated hydrochloric acid (90 c.c.) and water (60 c.c.) was diazotised at 0—5° with a 
concentrated aqueous solution of sodium nitrite (17-5 g.). The resulting diazonium solution 
was dropped during 2 hours into pyridine (250 c.c.) stirred at 70—80°. The mixture was 
heated for a further hour at 80°, ammonia added, and the excess of pyridine removed with 
steam. When cold, the separated oil was extracted with benzene. Removal of the benzene 
from the dried extract left a residue, which on distillation at 160—180°/0-5 mm. yielded a mix- 
ture of o-anisylpyridines (23 g.) as a yellow liquid. A hot solution of picric acid (27 g.) in alco- 
hol (300 c.c.) was added to a concentrated alcoholic solution of the o-anisylpyridines, and the 
resulting mixture of picrates, which separated on cooling, was subjected to systematic fractional 
crystallisation from acetone. Three products were isolated as follows: (a) «-2-methoxyphenyl- 
pyridine picrate in hard golden-yellow needles, m. p. 155—156° (Found: C, 52-3; H, 34. 
C,,H,,ON,C,H,O,N, requires C, 52-2; H, 3-4%); (b) 8-2-methoxyphenylpyridine picrate in 
yellow needles, m. p. 182° (Found: C, 52-5; H, 34%); and (c) y-2-methoxyphenylpyridine 
picrate in silky yellow needles, m. p. 205° (Found: C, 52-5; H, 3-4%). The major product of 
the reaction was the a-isomeride. The free bases, obtained from the picrates by warming with 
5% aqueous sodium hydroxide, were yellow oils readily soluble in organic solvents but sparingly 
soluble in water. 

Oxidation of a-2-Methoxyphenylpyridine——To a solution of «-2-methoxyphenylpyridine 
(1 g.), liberated from the picrate as outlined above, in 25% sulphuric acid (50 c.c.) at 90—100° 
was added dropwise a solution of potassium permanganate (5-5 g.) in warm water (55 c.c.) with 
frequent shaking during 4 hours (cf. Tschitschibabin, Ber., 1904, 37, 1373). A few drops of 
alcohol were then added and the solution was made slightly alkaline with aqueous potassium 
hydroxide. The precipitated manganese hydroxide was washed with hot water and the com- 
bined filtrate and washings were evaporated to small bulk, neutralised with dilute sulphuric 
acid, and evaporated to dryness. The residue was extracted several times with boiling alcohol ; 
evaporation of the extract left a residue of potassium picolinate, which was dissolved in a small 
quantity of water and treated with a saturated aqueous solution of copper acetate at 60°. 
The copper salt of picolinic acid which separated was collected, dissolved in water, and treated 
with hydrogen sulphide. After filtration and evaporation the picolinic acid was sublimed and 
obtained in colourless needles, m. p. 135—136°, both alone and on admixture with an authentic 


Synthesis of 8-2-Methoxyphenylpyridine.—A solution of B-2-aminophenylpyridine (0-5 g.), 
obtained by reduction of 8-2-nitrophenylpyridine as described in Part I (this vol., p. 354), in 
concentrated hydrochloric acid (3 c.c.) was diazotised at 5—10° with an aqueous solution of 
sodium nitrite (0-2 g.). Methyl alcohol (50 c.c.) was added, and the mixture boiled under 
reflux for 2 hours. It was then evaporated to small bulk, poured into excess of dilute aqueous 
sodium hydroxide, and extracted with ether. Evaporation of the ether from the dried extract 
left a yellow oil, which was treated with alcoholic picric acid. Crystallisation of the resulting 
picrate from acetone gave §-2-methoxyphenylpyridine picrate in yellow needles, m. p. 180— 
181°, both alone and on admixture with the picrate, m. p. 182°, isolated from the reaction 
between diazotised o-anisidine and pyridine. 


Nitration of «-2-Methoxyphenylpyridine.—Fuming nitric acid (d 1-5, 4 c.c.) was added in 
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successive portions of 1 c.c. during $ hour to a solution of «-2-methoxyphenylpyridine (2 g.), 
liberated from the picrate as outlined above, in glacial acetic acid (10 c.c.). The mixture was 
then boiled under reflux for 4 hour and finally poured into an excess of dilute aqueous sodium 
hydroxide. The nitration product, which separated as an almost white solid (2-1 g., m. p. 122— 
125°), was crystallised from alcohol, «-5-nitro-2-methoxyphenylpyridine separating in fine lustrous 
needles, m. p. 126—127° (Found: C, 62-8; H, 4-4. C,,H,,O,N, requires C, 62-6; H, 4-35%). 

Synthesis of a-5-Nitro-2-methoxyphenylpyridine.—A suspension of 5-nitro-2-methoxyaniline 
(28 g.) in a mixture of hydrochloric acid (60 c.c.) and water (40 c.c.) was diazotised at 5—10° with 
a solution of sodium nitrite (12 g.) in water (30 c.c.), and the resulting diazonium solution was 
dropped during 2 hours into pyridine (200 c.c.) stirred at 30—40°. After } hour’s heating on 
the steam-bath, ammonia was added, and the excess of pyridine removed with steam. The 
viscous oil which separated was extracted with benzene, the benzene evaporated, and the 
residue distilled under reduced pressure. The fraction (7-5 g.) collected at 200—220°/0-2 mm., 
which solidified, was crystallised four times from alcohol, from which pure «-5-nitro-2-methoxy- 
phenylpyridine separated in very pale yellow needles, m. p. 124—126°. The m. p. was raised 
to 125—126° on admixture with the product obtained above from the nitration of «-2-methoxy- 
phenylpyridine. The alcoholic mother-liquors containing the isomeric 5-nitro-2-methoxy- 
phenylpyridines were not further investigated. 

Synthesis of «a-4-Nitro-2-methoxyphenylpyridines.—4-Nitro-2-methoxyaniline (28 g.) was 
diazotised, as described above for 5-nitro-2-methoxyaniline, and added to pyridine. The 
product (8 g.), worked up as described in the preceding example, was collected at 190—210°/ 
0-4 mm., and crystallised from alcohol, from which the main constituent, regarded as a-4-nitvo- 
2-methoxyphenylpyridine, separated in pale yellow needles, m. p. 132—133° (Found: C, 62-5; 
H, 4:2. C,,H,,O,N, requires C, 62-6; H, 435%); the picrate, formed in the usual manner, 
separated from acetone in yellow needles, m. p. 163—164° (Found: C, 47-1; H, 2-6. 
C,,H,,O,;N,,C,H,O,N; requires C, 47-1; H, 2.8%). Treatment of the original alcoholic mother- 
liquors with alcoholic picric acid and crystallisation of the resulting picrates from acetone yielded 
a second isomeric picrate,m. p. 215—216° (Found : C, 47-3; H, 2:9%), from which aqueous sodium 
hydroxide liberated a second isomeric base, m. p. 115° after crystallisation from alcohol (Found : 
C, 62-3; H, 45%), which is regarded as y-4-nitvo-2-methoxyphenylpyridine. Admixture of a-4- 
nitro-2-methoxyphenylpyridine (m. p. 132—133°) with the nitration product of a-2-methoxy- 
phenylpyridine (m. p. 126—127°) resulted in a marked depression in m. p. 

Action of Diazotised p-Anisidine on Pyvridine.—This reaction was carried out exactly as 
described above for the corresponding reaction with o-anisidine. The crude product, consisting 
of a mixture of p-anisylpyridines, was collected at 160—190°/0-1 mm., and solidified on cooling 
to a pinkish white solid (25 g.). As before, the product was treated with alcoholic picric acid, 
and the resulting picrates subjected to fractional crystallisation from acetone. The main 
product, which separated first in sparingly soluble, silky needles, m. p. 191—192°, consisted of 
a-4-methoxyphenylpyridine picrate (Found: C, 52-5; H, 3-5. C,,H,,ON,C,H,O,N, requires 
C, 52-2; H, 3-4%), from which 5% aqueous sodium hydroxide liberated «-4-methoxyphenyl- 
pyridine, which crystallised from light petroleum (b. p. 40—60°) in small white plates, m. p. 
49—50° (Found: C, 77-9; H, 5-9. C,,H,,ON requires C, 77-8; H, 5-9%). Concentration of 
the acetone mother-liquors gave a second isomeric picrate, regarded as that of y-4-methoxy- 
phenylpyridine, in orange needles, m. p. 205—206° (Found: C, 52-4; H, 3-3%), from which 
5% aqueous sodium hydroxide liberated the free y-4-methoxyphenylpyridine, which crystal- 
lised from light petroleum (b. p. 40—60°) in white needles, m. p. 95° (Found : C, 77-9; H, 6-0%). 
The two picrates, on admixture, showed a pronounced depression in m. p., but the free bases 
obtained from them did not show a depression in m. p. on admixture. 

Synthesis of a-4-Methoxyphenylpyridine.—Methy] alcohol (50 c.c.) was added to a solution 
of diazotised «-4-aminophenylpyridine (2 g.), prepared by reduction of «-4-nitrophenylpyridine 
as described by Forsyth and Pyman (J., 1926, 2917) and subsequent treatment with nitrous 
acid, and the mixture heated under reflux for 2 hours. The whole was evaporated to small 
bulk, added to excess of dilute aqueous sodium hydroxide, and extracted with ether. The 
residue obtained on evaporation of the ether from the dried extract was purified by distillation 
in a vacuum and treated with alcoholic picric acid. Crystallisation of the resulting picrate 
from acetone gave a-4-methoxyphenylpyridine picrate in yellow silky needles, m. p. 191—192°, 
both alone and on admixture with the picrate of the same m. p. isolated from the reaction 
between diazotised p-anisidine and pyridine. As before, treatment of the picrate with 5% 
aqueous sodium hydroxide gave «-4-methoxyphenylpyridine, m. p. 49—50° after crystallis- 
ation from light petroleum (b. p. 40—60°). 
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Nitvation of «a-4-Methoxyphenylpyridine.—Fuming nitric acid (d 1-5, 4 c.c.) was added to a 
solution of «-4-methoxyphenylpyridine (2 g.) in glacial acetic acid (10 c.c.). The mixture was 
boiled under reflux for 4 hour and then poured into dilute aqueous sodium hydroxide. . The 
precipitated nitration product (2-2 g., m. p. 79—81°) gave a-3-nitro-4-methoxyphenylpyridine, 
which crystallised from alcohol in colourless needles, m. p. 85—86° (Found: C, 62-7; H, 4-2. 
C12H,O,N, requires C, 62-6; H, 43%). 

Synthesis of «-3-Nitro-4-methoxyphenylpyridine.—3-Nitro-4-methoxyaniline (5-6 g.) was di- 
azotised as described above for 5-nitro-2-methoxyaniline and added dropwise with stirring to 
pyridine (100 c.c.) at 30—-35°. The mixture was heated on the steam-bath for $ hour, ammonia 
added, and the excess of pyridine removed with steam. The oily residue was extracted with 
benzene and, after removal of the benzene from the dried extract, the residue was distilled under 
reduced pressure. The resulting viscous oil (2 g.) was dissolved in alcohol. On standing, a 
yellow solid was deposited. Further recrystallisation from alcohol yielded «-3-nitro-4-methoxy- 
phenylpyridine in pale yellow needles, m. p. 85—86°, both alone and on admixture with the 
product obtained from the nitration of «-4-methoxyphenylpyridine. The isomeric 3-nitro-4- 
methoxyphenylpyridines present in the alcoholic mother-liquors were not investigated 

Action of Diazotised m-Anisidine on Pyridine.—This reaction was carried out exactly as 
described above for the corresponding reaction with o-anisidine, except that the addition to the 
pyridine was effected at 40°. The crude product (14 g.), collected at 165—185°/<1 mm., was 
treated with hot alcoholic picric acid and the resulting mixture of picrates was submitted to 
systematic fractional crystallisation from acetone. The predominant isomeride, «-3-methoxy- 
phenylpyridine picrate, separated in yellow plates, m. p. 154—155° (Found: C, 52-2; H, 3-4, 
C,2H,,ON,C,H,O,N; requires C, 52-2; H, 3-4%). A second isomeric picrate, isolated from the 
mother-liquors in yellow prisms, m. p. 203—204° (Found: C, 52-0; H, 3-5%), is regarded as 
that of y-3-methoxyphenylpyridine. The free. bases, regenerated from the picrates by means 
of 5% aqueous sodium hydroxide, were obtained as yellow oils. 

Synthesis of «-3-Methoxyphenylpyridine.—This was carried out from «-3-aminophenyl- 
pyridine, obtained by the reduction of a-3-nitrophenylpyridine (cf. Part I, loc. cit.), by diazo- 
tisation and reaction with methyl alcohol exactly as previously described for the synthesis of 
§-2-methoxyphenylpyridine from §-2-nitrophenylpyridine. The «-3-methoxyphenylpyridine 
was obtained as a brown oil, which was treated with alcoholic picric acid. Crystallisation of the 
picrate from acetone gave a-3-methoxyphenylpyridine picrate in yellow plates, m. p. 154—155°, 
both alone and on admixture with the product of similar m. p. obtained above from the reaction 
between diazotised m-anisidine and pyridine. 
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76. Nitrosoacylarylamines. Part II. The Action of Nitrous Fumes 
on Acylarylamines. 


By J. W. Haworts and D. H. Hey. 


A study of the action of nitrous fumes on a variety of acylarylamines in acetic acid 
solution shows that they may be classified broadly into four groups: (i) those which, 
like acetanilide, yield N-nitroso-derivatives which react with benzene, 


R-N(NO)-COR’ + C,H, —> R-C,H,; + N, + R”CO,H, 


(ii) those which yield N-nitroso-derivatives which do not react with benzene, (iii) those 
which react with nitrous fumes but do not give N-nitroso-derivatives, and (iv) those 
which do not react with nitrous fumes. The results obtained and the properties of 
nitrosoacylarylamines in general are summarised. Certain nitroso-compounds, ¢.g., 
dinitrososuccindianilide and nitrosocarbanilide, are shown to be far more stable than 
nitrosoacetanilide. The action of nitrous fumes on diacetyl-1 : 3-phenylenediamine 
gives m-acetamidobenzenediazonium nitrate, in contradistinction to diacetyl-1 : 4- 
phenylenediamine, which, on similar treatment, gives dinitrosodiacetyl-1 : 4-phenyl- 
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enediamine. Nitrosation of p-benzamidoacetanilide yields a mononitroso-derivative, 
in which the acetamido-group only is nitrosated and which, with benzene, gives 
4-benzamidodiphenyl. 


It was shown by Fischer (Ber., 1876, 9, 463) that the action of nitrous fumes on a solution 
of acetanilide in glacial acetic acid gave rise to nitrosoacetanilide, and similar N-nitroso- 
derivatives prepared in like manner from aceto-p-toluidide, formanilide, and oxanilide 
were later described (Ber., 1877, 10, 959). It was subsequently shown by Bamberger 
(Ber., 1897, 30, 366) that nitrosoacetanilide gave diphenyl and its derivatives when 
dissolved in an aromatic compound such as benzene or toluene, nitrogen and acetic acid 
being liberated : 


Ph-N(NO)-CO-CH, + R-C,H; —> Ph-C,H,R + N, + CH,‘CO,H 


A similar reaction was used by Kliegl and Huber (Ber., 1920, 53, 1655) for the preparation 
of 4-methyldiphenyl from nitrosoaceto-p-toluidide and benzene. The general applicability 
and utility of this reaction for effecting the union of aryl nuclei has been clearly demon- 
strated by its employment for the synthesis of many new derivatives of p- and m-terphenyl 
(France, Heilbron, and Hey, J., 1938, 1364; 1939, 1283, 1288). 

The use of nitrosoacylarylamines for effecting the union of aryl nuclei was shown by 
Grieve and Hey (J., 1934, 1797) to belong to a class of reaction which does not conform to 
the normal laws of aromatic substitution, but gives rise, in general, to substitution at the 
o- and #-positions in the aromatic nucleus irrespective of the nature of any substituent 
group which may be present (see Hey and Waters, Chem. Reviews, 1937, 21, 169). These 
observations, coupled with the results of a quantitative investigation of the decomposition 
of nitrosoacetanilide in a variety of aromatic and non-aromatic solvents (Grieve and Hey, 
J., 1934, 1797; Butterworth and Hey, J., 1938, 116), led to the hypothesis of a free-radical 
mechanism, which is supported by the observations of Waters (J., 1937, 113) that, when 
nitrosoacetanilide decomposes in many solvents, (a) some carbon dioxide is evolved in 
addition to nitrogen, and (b) certain metallic elements may be attacked (see also Hey, J., 
1934, 1966). 

During the preparation of a variety of nitrosoacylarylamines for the synthesis of 
members of the terphenyl series (France, Heilbron, and Hey, Jocc. cit.) a number of novel 
features were brought to light. (1) It was possible to prepare a dinitroso-derivative of 
diacetyl-1 : 4-phenylenediamine, and also of the corresponding diformyl and dipropionyl 
derivatives. The resulting dinitroso-compounds, the first examples of this type, were 
considerably more stable than nitrosoacetanilide but underwent reaction with benzene in 
the normal manner. (2) It appeared that a nitro-group situated in an o-position with 
respect to the acetamido-group effectively hindered the formation of a nitroso-derivative ; 
e.g., both 3-nitro-4-acetamidodiphenyl and 2 : 3-dinitrodiacetyl-1 : 4-phenylenediamine 
failed to form nitroso-compounds on treatment with nitrous fumes in the normal manner, 
and 2-nitrodiacetyl-1 : 4-phenylenediamine yielded only a mononitroso-compound, the 
acetamido-group at the 1-position remaining unattacked. (3) In reaction with chloro- 
benzene, bromobenzene, and toluene, 4-nitrosoacetamidodiphenyl gave #-terphenyl 
derivatives substituted in the 2-, 3-, and 4-positions. The simultaneous production of all 
three isomerides may be regarded as further evidence that the reaction is non-ionic in type 
and not affected by the normal polar directive influences. 

Hitherto no comprehensive attempt has been made to see if the formation of N-nitroso- 
derivatives is characteristic of acylarylamines of all kinds, and the present communication 
deals with an éxamination of the action of nitrous fumes on a representative selection of 
acylarylamines of various types. Bamberger and his co-workers prepared nitroso-p- 
chloroacetanilide, nitroso-p-bromoacetanilide, and nitrosocarbanilide (Ber., 1897, 30, 368; 
1909, 42, 3589), but they, as well as v. Pechmann and Frobenius (Ber., 1894, 27, 653) and 
Hantzsch and Wechsler (Annalen, 1902, 325, 226), were interested mainly in the consti- 
tution of the nitrosoacylarylamines and the relationship to the diazo-compounds rather 
than in their use for the preparation of biaryl derivatives. Unsuccessful attempts have 
been already recorded (Grieve and Hey, J., 1935, 691) for the preparation of nitroso- 
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derivatives from #-nitroacetanilide, aceto-m-toluidide, aceto-o-chloroanilide, aceto-p- 
anisidide, aceto-p-phenetidide, aceto-«-naphthalide, and aceto-$-naphthalide. In some 
of these cases (¢.g., p-nitroacetanilide) the acylarylamine was recovered unchanged, in 
others very unstable oily nitroso-compounds appeared to be formed. With aceto-p- 
phenetidide nuclear nitration took place. By giving more careful attention to the con- 
ditions of nitrosation, and in particular to the avoidance of an excess of nitrous fumes or 
nitric acid most of the above acetyl derivatives have now been nitrosated, together with a 
large number of other acylarylamines. The reactions of the resulting nitroso-compounds 
with benzene have been studied. Some of the new nitroso-compounds were far more 
stable than nitrosoacetanilide and could be readily purified, but others decomposed on 
attempted crystallisation. In benzene solution they readily evolved nitrogen and an 
examination of the products served to establish the existence of the nitroso-compounds. 
Further, aqueous alkali converted the nitroso-compounds into salts of the corresponding 
syn- or anti-diazoates (cf. Bamberger, Ber., 1894, 27, 915), which on addition of acid 
yielded diazonium salts, detected by addition to alkaline f-naphthol. Those nitroso- 
compounds, such as dinitrosodiacetyl-1 :4-phenylenediamine (France, Heilbron, and 
Hey, J., 1938, 1370), dinitrososuccindianilide, and nitrosocarbanilide, which are far more 
stable than nitrosoacetanilide, may be used as stable sources for the quick production of 
a diazonium salt in solution by successive addition of alkali and acid. Again, in almost 
all cases the existence of a nitrosoacylarylamine can be confirmed by the characteristic 
explosive “ flash” which is produced when a small quantity of the compound is heated 
gently over a flame. 

The action of nitrous fumes on an acylarylamine in acetic acid solution, however, does 
not necessarily produce a nitrosoacylarylamine. The results now described may be 
classified into four groups, but it must be emphasised that this subdivision is in a sense 
arbitrary and not necessarily sharply defined; e¢.g., the nitroso-derivative of «-bromo- 
acetanilide possesses to a certain extent the properties of both class A and class B (see 
below). 

Class A. Acylarylamines which yield N-nitroso-derivatives of the normal type, ¢.g., 
acetanilide. 

To this group belong formanilide, propionanilide, w-chloroacetanilide, «-bromoacetanil- 
ide, aceto-p-anisidide, aceto-p-phenetidide, aceto-«-naphthalide, aceto-$-naphthalide, 
diacetyl-1 : 4-phenylenediamine, diacetylbenzidine, succindianilide, 3 : 3’-dichlorosuccindi- 
anilide, carbanilide, 4 : 4’-dimethylcarbanilide, 3 : 3’- and 4 : 4’-dichlorocarbanilide. Ineach - 
case a nitroso-derivative was formed which reacted with benzene in the normal manner 
to give a compound in which the nitrosoacylamino-group is replaced by a phenyl group. 

In the case of the succinic acid derivatives the dinitroso-compounds, like that derived 
from diacetyl-1 : 4-phenylenediamine, are much more stable than nitrosoacetanilide. In 
contradistinction to the formation of dinitroso-compounds in the succinic acid series, 
carbanilide (and its derivatives) forms a comparatively stable mononitroso-compound, 
which reacts with benzene to give diphenyl and phenyl ssocyanate : 


Ph-N(NO)-CO-NHPh + C,H, —> Ph, + N, + PhNCO + H,O 


Some carbanilide is then regenerated by the interaction of the phenyl isocyanate with 
water. Hantzsch and Wechsler (loc. cit., p. 244) prepared a mononitroso-derivative of 
carbanilide, m. p. 82°, but the compound now described melts at 105° (decomp.). On the 
other hand, Ryan and O’Toole (Proc. Roy. Soc. Dublin, 1923, 17, 139) state, on analytical 
evidence, that the action of nitrous fumes on an acetic acid solution of carbanilide gives a 
dinitroso-compound, m. p. 103° (decomp.). The analysis and chemical reactions of the 
compound now described indicate clearly that it is a mononitroso-derivative. Nitroso- 
carbanilide is also formed by the action of nitrous fumes on an acetic acid solution of 
s-diphenylguanidine. The primary action of the nitrous fumes probably results in the 
formation of carbanilide; which subsequently undergoes nitrosation. 

Class B. Acylarylamines which yield abnormal N-nitroso-compounds. 

To this class belong o-chloroacetanilide, 2: 6-dichloro-4-nitroacetanilide, phenyl- 
urethane, and l-acetamido-2-methylanthraquinone. The nitroso-derivatives of the first 
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three liberate, not nitrogen, but oxides of nitrogen in benzene solution with resulting 
regeneration of the acylarylamine. The nitroso-derivative of 1-acetamido-2-methyl- 
anthraquinone yields 6 : 7-phthalylindazole when warmed in benzene solution. A similar 
compound, described in D.R.-P. 269,842 (Chem. Zentr., 1914, I, 717), was obtained from 
diazotised 1-amino-2-methylanthraquinone. This recalls the similar reaction of nitroso- 
aceto-o-toluidide and nitrosobenzo-o-toluidide recorded by Jacobson and Huber (Ber., 
1908, 41, 660; cf. Auwers, Ber., 1919, 52, 1335), both of which yield indazole. 

Class C. Acylarylamines which react with nitrous fumes, but do not give N-nitroso- 
derivatives. 

To this class belong 4-dimethylamino-4’-acetamidoazobenzene, which gives #-nitro- 
dimethylaniline, and benzanilide and benzo-p-toluidide, which give diazonium nitrates. 
To this class also belongs diacetyl-1 : 3-phenylenediamine; this, unlike diacetyl-1 : 4- 
phenylenediamine, which yields the dinitroso-compound in the normal manner, gives rise 
to m-acetamidobenzenediazonium nitrate. The product, which in this case is precipitated 
from the reaction mixture by the addition of ether, is explosive and reacts with warm water 
to give m-acetamidophenol, with ethyl alcohol to give m-acetamidophenetole, and with 
aqueous cuprous cyanide to give m-cyanoacetanilide; in addition it is soluble in water 
and couples immediately with alkaline $-naphthol. Bamberger and Baudisch (Ber., 
1909, 42, 3590) observed that, if an ethereal solution of nitrosoacetanilide was kept, some 
benzenediazonium nitrate was formed. This may be due to liberation of nitrous fumes 
and subsequent production of nitric acid, since it is now shown that both (a) prolonged 
action of nitrous fumes and (b) addition of concentrated nitric acid to an acetic acid solution 
of nitrosoacetanilide give rise to the formation of benzenediazonium nitrate. On the 
other hand Wohl (Ber., 1892, 25, 3632) has prepared nitrosobenzanilide by the action of 
benzoyl chloride on an aqueous solution of sodium benzenediazoate. 

Class D. Acylarylamines which are recovered unchanged on treatment with nitrous 
fumes in the normal manner. 

To this class belong #-nitroacetanilide, «- and §-acetamidoanthraquinone, benzene- 
sulphonanilide, oxanilide (cf. Fischer, loc. cit.), oxanilic acid, 3 : 3’-dichloro-oxanilide, 
3-chloro-oxanilic acid, -nitrobenzanilide, m-nitrobenzanilide, p-toluenesulphonanilide, 
3 : 3’-dinitrocarbanilide, and 4 : 4’-dinitrocarbanilide. 

The fact that the acetamido-group normally submits to nitrosation with nitrous 
fumes whereas the benzamido-group remains unaffected, leads to the possibility of the 
preparation of a mononitroso-compound from a suitable acetylbenzoyldiamine. This 
has now been realised in the case of p-benzamidoacetantlide, which with nitrous fumes 
gives p-benzamidonitrosoacetanilide. The latter reacts with benzene to give 4-benz- 
amidodiphenyl. 

Summary of Results —From the results described in this and previous communications 
the following conclusions may be deduced : 

(a) The number of acylarylamines which will yield N-nitroso-compounds on treatment 
with nitrous fumes is strictly limited. In particular, acylarylamines containing a nitro- 
group in the o- or p-position in the aromatic nucleus (m-nitroacetanilide yields an unstable 
oily nitroso-compound; France, Heilbron, and Hey, J., 1939, 1291) and those in which the 
acyl group is benzoyl, or benzene- or toluene-sulphonyl, are generally resistant to nitros- 
ation with nitrous fumes. 

(b) Nitrosoacetylarylamines may react in one or more of three ways : 


Ar-N(NO)-CO-CH, + RH —> ArR + N, + CH,°CO,H o fA) 

* Ar-N(NO)-CO-CH, + RH — > ArH + N,+[CH,CO,R] . . (B) 

Ar-N(NO)-CO-CH, + H,O —> Ar-NH-CO-CH, + HNO, ee 
When R = aryl, the normal reaction (biaryl formation) is represented by (A). Reaction 
(B) is rarely prominent when R = aryl, but is illustrated in the following examples: 
(i) in the preparation of -terphenyl from dinitrosodiacetyl-1 : 4-phenylenediamine and 
benzene some diphenyl is also formed, and (ii) in the preparation of p-quaterphenyl from 
dinitrosodiacetylbenzidine and benzene some #-terpheny]l is also formed. In both of these 
cases one nitrosoacetamido-group acts according to reaction (A) and the second nitroso- 
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acetamido-group according to reaction (B). No indication has yet been obtained of the 
. formation of an ester, as in equation (B), but the two reactions (A) and (B) are an exact 
counterpart of the “ RH scheme” of Gelissen and Hermans (Ber., 1925, 58, 984), which 
applies to certain reactions of diacyl peroxides and diazonium salts, reactions which have 
many features in common with those of the nitrosoacylarylamines (cf. Hey and Waters, 
loc. cit.). Reaction (B) becomes predominant when a non-aromatic hydrogen-containing 
solvent is used (cf. Waters, Joc. cit.), 1.e., R = alphyl. 

With certain nitrosoacylarylamines reaction (C), which requires the presence of water, 
predominates. The reaction is not one of normal hydrolysis, since the nitroso-compounds 
are isolated by addition of water to the reaction mixture, and the reaction proceeds even 
when no water is added to the system, thus showing that very little is required. Stoi- 
cheiometrically 10 g. of nitrosoacetanilide would require only just over 0-5 g. of water for 
complete decomposition according to reaction (C) owing to the instability of the nitrous 
acid with liberation of oxides of nitrogen and regeneration of water : 


2HNO, —> NO, + NO + H,O 


The manner in which a nitrosoacylarylamine reacts is probably bound up with the equil- 
ibrium Ar-N(NO)*CO-CH, == Ar-N:N-O-CO-CHs;, reactions (A) and (B) requiring the 
diazo-form and reaction (C) the nitroso-form. 


EXPERIMENTAL. 


The general procedure for the preparation of nitrosoacylarylamines consists in the passage 
of nitrous fumes into a solution of the acylarylamine in glacial acetic acid at about 10° until a 
clear deep green solution is obtained. The nitrosoacylarylamine, which is precipitated when 
the solution is poured into a large volume of water, is washed with water and dried on a porous 
tile. It was found advantageous to prepare the nitrous fumes from solid sodium nitrite and 
dilute sulphuric acid rather than from arsenious oxide and concentrated nitric acid. If the 
passage of the gases is continued until a very dark green solution is obtained, the yield of 
nitrosoacylarylamine is considerably reduced and the addition of water results largely in the 
formation of a solution of a diazonium salt together with some tarry matter. This observation 
accounts in part for the failures recorded by Grieve and Hey (J., 1935, 689). In some cases a 
mixture of glacial acetic acid and acetic anhydride is used as solvent in place of acetic acid 
alone. The use of acetic anhydride lowers the freezing point of the reaction mixture and thus 
prevents the solidification of the glacial acetic acid. In some cases the yield of the nitroso- 
compound may be slightly increased and the time for reaction reduced by the addition of a 
small quantity of phosphoric oxide to the reaction mixture. Completion of the reaction can 
usually be ascertained by pouring a small test portion into water and isolating the precipitate, 
which when dry should give a characteristic “ flash ” when gently heated over a flame. Most 
of the nitrosoacylarylamines now described resemble nitrosoacetanilide in stability and cannot 
be kept at room temperature for longer than a day without decomposition, but dinitroso- 
succindianilide, dinitroso-3 : 3’-dichlorosuccindianilide, nitrosocarbanilide, nitroso-3: 3’- and 
4: 4'-dichlorocarbanilide are far more stable and can be kept when pure for many weeks or 
even months. 

Class A.—Formanilide (cf. Fischer, loc. cit.). Nitrous fumes were passed for 34 hours into a 
cold solution of formanilide (5 g.) in glacial acetic acid (70 c.c.), which was then poured into ice- 
water. The nitrosoformanilide [4-2 g.,m. p. 45—46° (decomp.)] which separated was dissolved 
in benzene (100 c.c.) and kept over-night. Removal of the benzene on the water-bath and 
distillation of the residue gave diphenyl (1-9 g., nt. p. and mixed m. p. 69—70° after crystall- 
isation from alcohol). 

Propionanilide. Addition of nitrous fumes to a solution of propionanilide (3 g.) in glacial 
acetic acid (50 c.c.), as above, yielded nitrosopropionanilide [1-9 g., m. p. 52° (decomp.)]. Reac- 
tion with benzene, as described above for nitrosoformanilide, yielded diphenyl (0-9 g.). 

«-Chloroacetanilide. Nitrous fumes were passed for 3 hours into a solution of w-chloro- 
acetanilide (5 g.) in glacial acetic acid (100 c.c.) at 10—15°. The nitroso-compound [4:3 g., 
m. p. 65° (decomp.)] separated as a yellow solid on pouring into excess of water. A solution of 
the nitroso-compound (3-2 g.) in benzene (200 c.c.) was kept at room temperature for 24 hours. 
Aqueous sodium carbonate extracted chloroacetic acid (m. p. and mixed m. p. 58—61°) from 
the solution. After removal of benzene further distillation gave diphenyl (1-1 g., m. p. and 
mixed m. p. 68—69° after crystallisation from alcohol). 
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«-Bromoacetanilide. Nitrous fumes were passed for 4—5 hours into a solution of «-bromo- 
acetanilide (18 g.) in glacial acetic acid (500 c.c.) at 10—15°. The nitroso-compound [15 g., 
m. p. 54—55° (decomp.)] separated as a yellow precipitate when the dark green solution was 
poured into water (2.1). A solution of the nitroso-compound (6 g.) in benzene (100 c.c.) was 
kept for 24 hours. Nitrogen and carbon dioxide were evolved. Some regenerated w-bromo- 
acetanilide (2-8 g., m. p.and mixed m. p. 130—131°) separated from the solution and was filtered 
off. Sodium carbonate solution extracted bromoacetic acid (m. p. 50°) from the benzene filtrate. 
After removal of benzene under reduced pressure diphenyl (0-8 g.) was collected at 130— 
140°/20 mm. (m. p. and mixed m. p. 68—70° after crystallisation from alcohol). 

Aceto-p-anisidide (With E. C. ButTERWoRTH). Nitrous fumes were passed for 3 hours into 
a cold solution of aceto-p-anisidide (5 g.) in glacial acetic acid (100 c.c.). Water precipitated 
the nitroso-compound, m. p. 83—84° (decomp.). In benzene solution nitrogen was evolved. 
After removal of benzene hot alcohol extracted 4-methoxydiphenyl, m. p. and mixed m. p. 89°, 
in 55% yield from the residue. 

Aceto-p-phenetidide (With E. C. BUTTERWORTH). Prepared as described for nitrosoaceto-p- 
anisidide, nitrosoaceto-p-phenetidide melted at 60° (decomp.). In benzene solution nitrogen 
was evolved. After removal of benzene the residue gave a distillate at 280—290° which solidi- 
fied. It was crystallised from alcohol (charcoal); on cooling, 4-ethoxydiphenyl separated in 
plates, m. p. 72—73° (yield, 50%) (Found: C, 84-4; H, 7-3. Calc. for C,,H,,O: C, 84-7; 
H, 7-1%). Musser and Adkins (J. Amer. Chem. Soc., 1938, 60, 667) give m. p. 73—74°. 

Aceto-a-naphthalide (With E. C. ButTERWorRTH). Nitrous fumes were passed into a cold 
solution of aceto-a-naphthalide (5 g.) in glacial acetic acid (50 c.c.). Addition of water pre- 
cipitated the nitroso-compound as a viscous oil, which solidified with difficulty [m. p. 57° 
(decomp.)]. In benzene solution nitrogen was evolved. After removal of benzene, further 
distillation gave a-phenylnaphthalene, b. p. 320—330°, identified by oxidation to o-benzoyl- 
benzoic acid. ! 

Aceto-B-naphthalide (With E. C. BuTTERWorRTH). The nitroso-compound, prepared as de- 
scribed above for nitrosoaceto-«-naphthalide, melted at 80° (decomp.). A solution of the 
nitroso-compound (9 g.) in benzene (250 c.c.) became deep red and evolved nitrogen. After 
removal of benzene the residue was sublimed in a vacuum, and the sublimate crystallised from 
alcohol. §-Phenylnaphthalene (2 g.) separated in flakes, m. p. and mixed m. p. 100—101°. 

Diacetyl-1 : 4-phenylenediamine. Nitrosation and subsequent reaction with benzene were 
carried out as previously described by France, Heilbron, and Hey (J., 1938, 1370). In the high- 
vacuum sublimation of the crude p-terphenyl a small quantity of diphenyl was first collected, 
m. p. and mixed m. p. 69—70° after crystallisation from alcohol. 

Diacetylbenzidine. Nitrous fumes were passed for 10 hours into a stirred suspension of 
diacetylbenzidine (10 g.) in a mixture of glacial acetic acid (200 c.c.) and acetic anhydride 
(100 c.c.). After filtration from unchanged diacetylbenzidine (6-2 g.), addition of water pre- 
cipitated the dinitroso-compound (3 g.), which was added to benzene (200 c.c.). At 60° nitrogen 
was evolved and after 3 hours the excess of benzene was removed. Sublimation of the residue 
in a high vacuum gave at 100° a small quantity of p-terphenyl (m. p. and mixed m. p. 200— 
205°), and finally at 200° p-quaterphenyl (0-35 g.), which after several crystallisations from 
boiling benzene melted at 312°, not depressed by an authentic specimen kindly supplied by 
Dr. S. T. Bowden. 

Succindianilide. Nitrous fumes were passed for 44 hours into a solution of succindianilide 
(5 g.) in glacial acetic acid (400 c.c.) at 15°. The stable dinitroso-compound, which separated 
as a yellow precipitate without addition of water, was filtered off and dried (5-25 g., detonates 
at 111°) (Found: N, 16-9. C,,H,,O,N, requires N, 17-1%). Addition of the dinitroso- 
compound (5 g.) to benzene (250 c.c.) at 65° produced a brisk effervescence and reaction was 
complete in 15 minutes. The benzene solution was shaken with water, which extracted succinic 
acid (m. p. and mixed m. p. 179—182°). After removal of benzene further distillation gave 
diphenyl (3-2 g., m. p. and mixed m. p. 69—70° after crystallisation from alcohol). The 
dinitroso-compound dissolved in aqueous sodium hydroxide. Acidification, followed by addition 
to alkaline 6-naphthol, gave a red precipitate. 

3 : 3’-Dichlorosuccindianilide. A mixture of m-chloroaniline (20 g.) and methyl succinate 
(10 g.) was boiled under reflux for 8 hours. When cold, 3: 3’-dichlorosuccindianilide (1 g., 
m. p. 225—226°) separated, which was filtered off and washed with alcohol (Found: N, 8-4. 
C,,H,,0O,N,Cl, requites N, 8-3%). Addition of alcohol to the filtrate precipitated succino-m- 
chlorophenylimide (2-5 g.), which crystallised from alcohol in needles, m. p. 119—120° (Found : 
N, 6-6. C,,H,O,NCl requires N, 6-7%). Nitrous fumes were passed for 4 hours into a solution 
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of 3 : 3’-dichlorosuccindianilide (0-5 g.) in a mixture of glacial acetic acid (80 c.c.) and acetic 
anhydride (20 c.c.) at 10°. Addition of water precipitated the stable dinitroso-compound 
[0-4 g., m. p. 105—106° (decomp.)]. Like dinitrososuccindianilide, it dissolved in warm benzene 
with brisk effervescence and in aqueous sodium hydroxide to give a solution which, after 
acidification, coupled with alkaline 6-naphthol. 

Carbanilide (cf. Hantzsch and Wechsler, loc. cit.; Ryan and O’Toole, loc. cit.), Nitrous 
fumes were passed for 5 hours into a cold solution of carbanilide (5 g.) in glacial acetic acid 
(600 c.c.). The stable nitroso-compound, which separated as a cream-coloured precipitate 
(5:3 g.) when the mixture was poured into water, melted at 105° after crystallisation from ether 
(Found: N, 17-5. C,,;H,,0O,N, requires N, 17-4%). A solution of nitrosocarbanilide (5 g.) 
in benzene (300 c.c.) was kept at room temperature for 3 days. Nitrogen was evolved and 
regenerated carbanilide (1 g., m. p. and mixed m. p. 234—236°) separated. After removal of 
benzene on the water-bath further distillation yielded (i) a fraction (2 g.), b. p. 100—200°, 
containing phenyl isocyanate, identified by its lachrymatory action and the formation of 
carbanilide with water, and (ii) a fraction (1-5 g.), b. p. 250—255°, which solidified when cold 
and on crystallisation from alcohol gave diphenyl (m. p. and mixed m. p. 69—70°). The 
nitroso-compound dissolved in aqueous alkali, which solution, after acidification, coupled with 
alkaline 8-naphthol. 

Action, of nitrous fumes on s-diphenylguanidine. Nitrous fumes were passed for 3} hours 
into a solution of s-diphenylguanidine (5 g.) in a mixture of glacial acetic acid (80 c.c.) and 
acetic anhydride (20 c.c.) at 10°. Addition of water precipitated nitrosocarbanilide (5-2 g.), 
m, p. and mixed m. p. 101—102°, which reacted with benzene, as above, to give carbanilide, 
phenyl isocyanate, and diphenyl. 

The following substituted carbanilides were prepared in toluene solution by the action 
of carbonyl chloride on the appropriate aniline, the product being washed with water to remove 
amine hydrochloride. The carbanilides were finally crystallised from alcohol. The: nitroso- 
compounds, prepared in each case by passing nitrous fumes for 4 hours into a solution of the 
carbanilide (0-5 g.) in a mixture of glacial acetic acid (80 c.c.) and acetic anhydride (15 c.c.) 
at 10°, were precipitated with water in quantitative yield as pale yellow solids and reacted with 
aqueous alkali, giving solutions which, after acidification, coupled with alkaline 6-naphthol. 

4: 4’-Dimethylcarbanilide gave a nitroso-compound, m. p. 92° (decomp.) (Found: N, 15-7. 
C,,H,,0,N, requires N, 15-6%). . 

3 : 3’-Dichlorocarbanilide gave a nitvoso-compound, m. p. 106° (decomp.), which was stable 
for several weeks (Found: N, 13-5. C,,;H,O,N,Cl, requires N, 13-55%). 

4: 4’-Dichlorocarbanilide gave a stable mniivoso-compound, m. y. 118° (decomp.) (Found : 
N, 13-4. C,,;H,O,N,Cl, requires N, 13-55%). A solution of the nitroso-compound (2 g.) in 
benzene (150 c.c.) was kept at room temperature for 24 hours. Nitrogen was evolved. After 
removal of benzene the residue was distilled, a fraction (0-7 g.), b. p. 200—270°, being collected, 
which solidified. Crystallisation from alcohol gave 4-chlorodiphenyl in colourless plates, 
m. p. and mixed m. p. 79—80°. 

Class B.—o-Chloroacetanilide. Nitrous fumes were passed for 2 hours into a cold solution 
of o-chloroacetanilide (5 g.) in glacial acetic acid (50 c.c.). Addition of water precipitated the 
nitroso-compound, m. p. 59° (decomp.) (Found: N, 13-8. C,H,O,N,Cl requires N, 14:1%). 
A solution of the nitroso-compound (2 g.) in benzene (100 c.c.) evolved oxides of nitrogen. 
After 3 days the benzene was removed by distillation and from the residue light petroleum 
(b. p. 60—80°) extracted o-chloroacetanilide, m. p. and mixed m. p. 87° after recrystallisation 
from light petroleum. 

2 : 6-Dichlovo-4-nitroacetanilide. Nitrous fumes were passed for 3 hours into a solution of 
2 : 6-dichloro-4-nitroacetanilide (1 g.) in a mixture of glacial acetic acid (40 c.c.) and acetic 
anhydride (10 c.c.) at 10°. A yellow nitroso-compound [1 g., m. p. 100° (decomp.)] was 
precipitated on pouring into water. On standing or warming with benzene, 2 : 6-dichloro-4- 
nitroacetanilide was regenerated. The nitroso-compound was too unstable for analysis, but 
dissolved slowly in aqueous alkali to give a solution which, after acidification, coupled with 
alkaline B-naphthol. 

1-Acetamido-2-methylanthraquinone. Nitrous fumes were passed for 4 hours into a solution 
of 1-acetamido-2-methylanthraquinone (10 g.) in glacial acetic acid (120c.c.) at 15°. The nitroso- 
compound, which separated as a yellow solid [10 g., m. p. 106° (decomp.)] on pouring into water, 
was warmed with benzene (400 c.c.) for 4 hours, On evaporation to small bulk 6 : 7-phthalyl- 
indazole separated as an orange-brown solid (8 g., m. p. 240—245°), which, after purification by 
vacuum sublimation and crystallisation from glacial acetic acid, melted at 255—256° (cf. 
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‘D.R.-P. 269,842; Chem. Zenir., 1914, I, 717) (Found: C, 72-2; H, 3-8. Calc. for C,,H,O,N,: 
C, 72-5; H, 3-3%). 

Phenylurethane (cf. Willstatter and Stoll, Ber., 1909, 42, 4876). Nitrous fumes were passed 
for 3 hours into a cold solution of phenylurethane (5 g.) in glacial acetic acid (100c.c.). Addition 
of water precipitated the nitroso-compound as a pale yellow solid, m. p. 60—61° (decomp.). 
Treatment with aqueous alkali and subsequent acidification gave a solution which coupled with 
6-naphthol. On standing alone at room temperature, or on warming with benzene, oxides of 
nitrogen were evolved and phenylurethane (m. p. and mixed m. p. 51° after crystallisation from 
hot water) was regenerated. 

Class C.—4-Dimethylamino-4'-acetamidoazobenzene. Nitrous fumes were passed for 3 hours 
into a solution of 4-dimethylamino-4’-acetamidoazobenzene (5 g.) in glacial acetic acid (60 c.c.) 
cooled in ice-water. The brown solid (4:3 g.), which separated on pouring into water, was 
sublimed at 120° in a high vacuum and gave #-nitrodimethylaniline (1 g.), which separated 
from alcohol in golden needles, m. p. and mixed m. p. 161—162° (Found: C, 58-1; H, 6-0. 
Calc. for CgH,,0,N,: C, 57-8; H, 6-0%). 

Benzanilide. Nitrous fumes were passed for 44 hours into a solution of benzanilide (1 g.) 
in glacial acetic acid (70 c.c.). Addition of ether deposited benzenediazonium nitrate (0-4 g.), 
which detonated violently at about 90°. In aqueous solution it coupled with alkaline B-naphthol 
and gave a positive “‘ brown ring ”’ test for nitrate. ° 

Benzo-p-toluidide. Nitrous fumes were passed for 4} hours into a cold solution of benzo-p- 
toluidide (5 g.) in glacial acetic acid (150 c.c.). Addition of ether precipitated p-toluenedia- 
zonium nitrate, which detonated on heating, coupled with alkaline B-naphthol, and gave a 
positive ‘‘ brown ring ’”’ test. 

Diacetyl-1 : 3-phenylenediamine. Nitrous fumes were passed for 5 hours into a cold solution 
of diacetyl-1 : 3-phenylenediamine (5 g.) in glacial acetic acid (100 c.c.). Addition of water 
caused no separation of solid, but addition of ether precipitated m-acetamidobenzenediazonium 
nitrate (3-1 g.) as a light brown powder, which was filtered off and washed with ether. It 
detonated violently when warmed to about 95° or when scratched with a spatula, was soluble 
in water, and gave the “ brown ring ”’ test for a nitrate. Reaction with water: A solution of 
the diazonium nitrate (2-5 g.) in water (100 c.c.) was kept overnight at room temperature. 
Nitrogen was slowly evolved and evaporation of the solution to small bulk deposited m-acetamido- 
phenol (0-7 g.), which. was redissolved in water, boiled with charcoal, and filtered. Pure m- 
acetamidophenol, m. p. and mixed m. p. 146—147°, separated. Reaction with ethyl alcohol : 
The diazonium nitrate (0-5 g.) was boiled under reflux for 6 hours with ethyl alcohol (20 c.c.). 
Removal of the alcohol left a residue, which was extracted with hot water, boiled with charcoal, 
and filtered. m-Acetamidophenetole (m. p. 96—97°) separated from the filtrate. Wagner 
(J. pr. Chem., 1885, 32, 75) records m. p. 96—97°. Reaction with cuprous cyanide: A solution 
of the diazonium nitrate (2-5 g.) in ice-cold water (50 c.c.) was added to a warm solution of 
copper sulphate (8 g.) and potassium cyanide (7 g.) in water (50 c.c.), and the mixture heated 
on the water-bath for } hour. The cold reaction mixture was filtered, and the filtrate extracted 
with ether. Evaporation of the ether from the dried extract left a residue, which after three 
crystallisations from alcohol gave m-cyanoacetanilide, m. p. 129—130°. Bogert and Beans 
(J. Amer. Chem. Soc., 1904, 26, 473) record m. p. 130-5—131°. 

Class D.—Nitrous fumes were passed for periods up to several hours into cold solutions of 
the substances already named (p. 364) in glacial acetic acid. When the solutions were poured 
into water, the original acylarylamines were recovered unchanged in every case. 

Prolonged Action of Nitrous Fumes on Nitrosoacetanilide.—Nitrous fumes were passed for 
4 hours into a cold solution of nitrosoacetanilide (5 g.) in glacial acetic acid (70 c.c.). Addition 
of ether precipitated benzenediazonium nitrate (4-5 g.), identified as described above for the 
product from benzanilide (Found: N, 24-55. Calc. for CgH,O,N,: N, 25-15%). 

Action of Nitric Acid on Nitrosoacetanilide—Concentrated nitric acid (d 1-42, 2 c.c.) was 
added to a cold solution of nitrosoacetanilide (5 g.) in glacial acetic acid (40 c.c.). After 4 hours 
addition of ether precipitated benzenediazonium nitrate (1 g.), identified as described above. 

Nitrosation of p-Benzamidoacetanilide.— Benzoyl chloride (9 g.) was added slowly with 
shaking to a cold mixture of p-aminoacetanilide (10 g.), acetone (200 c.c.), and powdered sodium 
hydroxide (10 g.). Addition of water precipitated in quantitative yield, p-benzamidoacetanilide, 
which separated from alcohol in a microcrystalline form, m. p. 230° (Found: C, 71-2; H, 5-2. 
C,,H,,0,N, requires C, 70-9; H, 5-5%). Nitrous fumes were passed for 4 hours into an ice- 
cold solution of p-benzamidoacetanilide (10 g.) in a mixture of glacial acetic acid (400 c.c.) and 
acetic anhydride (100 c.c.). The nitvoso-compound slowly separated as a yellow precipitate 
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(10 g.), which was filtered off, pressed on a porous tile, and dried in a vacuum; m. p. 116° 
(decomp.) (Found: N, 14-2. C,;H,,0,N;, requires N, 14-8%). A portion of the nitroso- 
compound (1-5 g.) was added to benzene (100 c.c.) and warmed to 70°. Nitrogen was evolved 
and the reaction was completed by boiling under reflux for an hour. Evaporation to small 
bulk precipitated a brown solid, which was crystallised from alcohol after boiling with charcoal. 


On cooling, 4-benzamidodipheny] separated, m. p. 229—230°, both alone and on admixture with 
an authentic specimen. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for grants and gifts 
of chemicals. 
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77. Nitrosoacylarylamines. Part III. A New Method of 
Preparation. 


By H. France, I. M. Hermsron, and D. H. Hey. 


A new method is described for the preparation of nitrosoacylarylamines, nitrosyl 
chloride being used in presence of potassium acetate. It enables nitroso-derivatives 
to be prepared from some acylarylamines (e.g., p-nitroacetanilide) which cannot be 
nitrosated with nitrous fumes, The reaction is rapid and the yield and quality of the 
products are improved. The reaction provides a very convenient method for the 
preparation of the three nitrodiphenyls. 


A NEW method has been developed for the preparation of nitrosoacylarylamines which is of 
more general applicability than that described in Part II (preceding paper); since it enables 
nitroso-derivatives to be obtained from certain acylarylamines which, like p-nitroacetanilide, 
had hitherto resisted all attempts at nitrosation with nitrous fumes. The new reagent is 
nitrosyl chloride, the reaction being carried out in glacial acetic acid (or a mixture of acetic 


acid and acetic anhydride) solution in the presence of fused potassium acetate: 
Ar-NH-CO-CH, + NOCI + CH,-CO,K —-> Ar-N(NO)-CO-CH, + KCl + CH,°CO,H. A 
list of acylarylamines which have been nitrosated in this manner is given in the table, 
together with reference to such results as have been previously obtained with nitrous fumes. 
Both the yield and the quality of the nitrosoacylarylamines prepared by the new method 
are superior to those resulting from the nitrous fumes method and the time taken for the 
reaction is reduced from hours to minutes. In addition, by the use of a solution of nitrosyl 
chloride in glacial acetic acid (or acetic anhydride) of known concentration the reaction can 
be put on a quantitative basis, whereas the older method necessitated the use of a large 
and often indeterminate excess of nitrous fumes. A further advantage of the use of nitrosyl 
chloride as the nitrosating agent in the place of nitrous fumes, which may be regarded as a 
mixture of nitric oxide and nitrogen peroxide, probably lies in the fact that in the former 
case nitrogen peroxide is virtually absent. When nitrogen peroxide is present, reaction with 
water will yield both nitrous and nitric acid and the latter, as has been shown in Part II, 
tends to convert the nitrosoacylarylamine into the corresponding diazonium nitrate. 

The reaction of the three nitronitrosoacetanilides, now rendered available, with benzene 
to give 2-, 3-, and 4-nitrodiphenyl provides a very convenient method for the preparation of 
these in good yield. In certain cases, ¢.g., with benzanilide and with diacetyl-1 : 3- 
phenylenediamine, in which the action of nitrous fumes results in the formation of diazonium 
nitrates, the nitrosyl chloride method gives normal nitroso-compounds. Further, in the 
case of 3-acetamidodiphenyl, the new method of nitrosation gives a solid nitroso-compound, 
whereas the older method yielded only an oily product. 

That nitrosation can also be effected by means of nitrosyl chloride in benzene solution 
is shown by the fact that addition of a benzene solution of nitrosyl chloride to a benzene 
solution of acetanilide in presence of fused potassium acetate at 5°, followed by warming 
at 30° for 2 hours, gave a product from which diphenyl was isolated in 40% yield. This 
method thus dispenses with the isolation of the intermediate nitroso-compound. 
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Acylarylamine. 
Acetanilide 


o-Nitroacetanilide 
m-Nitroacetanilide 
p-Nitroacetanilide 

2 : 4-Dinitroacetanilide 


2:4: 6-Trinitroacetanilide 
Benzanilide 


p-Nitrobenzanilide 
Oxanilide 


Ethyl N-acetylanthranilate 


Ethyl 4-acetamido- 
phthalate 
3-Acetamidodiphenyl 


Diacetyl-1 : 3-phenylene- 
diamine 

Diacetyl-1 : 4-phenylene- 
diamine 

2-Methoxydiacetyl-1 : 4- 
phenylenediamine 


2 : 5-Diethoxydiacetyl- 
1 : 4-phenylenediamine 


Reaction with nitrosyl chloride. 





"Product. 


Nitroso, de- 
comp. 50° 
Nitroso, oil 


Nitroso, oil 


Nitroso, de- 
comp. 75° 
Nitroso, oil 


Unchanged 
Nitroso, de- 
comp. 83° 
Nitroso, de- 
comp. 90° 
Unchanged 
Nitroso, oil 
Nitroso, oil 


Nitroso, de- 
comp. 78° 
Dinitroso, oil 


Dinitroso, de- 
comp. 124° 


Nitroso, oil 


Unchanged 


Reaction with benzene. 
Nitrogen evolved; 
diphenyl 
Nitrogen evolved ; 
2-nitrodiphenyl 
Nitrogen evolved ; 
3-nitrodiphenyl 
Nitrogen evolved ; 
4-nitrodiphenyl 
Nitrogen evolved ; 
2 ; 4-dinitrodiphenyl 


Nitrogen evolved 
Nitrogen evolved 


Nitrogen evolved 
Nitrogen evolved; ethyl 
4-phenylphthalate 

Nitrogen evolved; 
m-terphenyl 

Nitrogen evolved; 
m-terpheny] 

Nitrogen evolved; 
p-terphenyl 


Nitrogen evolved 


Heilbron, and Hey: Nitrosoacylarylamines. 


Reaction with nitrous fumes. 
Nitroso, decomp. 50° (Grieve 
and Hey, J., 1934, 1797) 


Nitroso, oil (France, Heilbron, 
and Hey, J., 1939, 1288) 
Unchanged 


Benzenediazonium nitrate 
(Part II, loc. cit.) 
Unchanged (Part II, Joc. cit.) 


Unchanged (Part II, Joc. cit.) 


Nitroso, oil (France, Heilbron, 
and Hey, /oc. cit.) 

m-Acetamidobenzenediazon- 
ium nitrate (Part II, loc. cit.) 

Dinitroso, decomp. 124° 
(France, Heilbron, and Hey, 
J., 1938, 1364) 

5-Nitro-2-methoxydiacetyl- 
1 : 4-phenylenediamine 
(France, Heilbron, and Hey, 
J., 1939, 1283) 

Unchanged (France, Heilbron, 
and Hey, J., 1939, 1283) 


EXPERIMENTAL. 


Nitrosoacetanilide.—A solution of acetanilide (5 g.) in a mixture of glacial acetic acid (35 c.c.) 
and acetic anhydride (15 c.c.), containing fused potassium acetate (5 g.) and phosphoric oxide 
(0-5 g.), was stirred at 8° while a 25% solution of nitrosyl chloride (3 g.) in acetic anhydride was 
slowly introduced. After 15 minutes, the yellow reaction mixture was poured into ice-water ; 
nitrosoacetanilide (4-7 g.) separated as a yellow crystalline solid, m.p. 50—51° (decomp.), 
identical with that prepared as described by Grieve and Hey (J., 1934, 1797). 

Nitrosation of Nitvoacetanilides.—(a) 0-Nitroacetanilide. To a stirred suspension of o- 
nitroacetanilide (18 g.) in a mixture of glacial acetic acid (80 c.c.) and acetic anhydride (20 c.c.), 
containing fused potassium acetate (12 g.) and phosphoric oxide (1 g.), at 8°, a 25% solution of 
nitrosyl chloride (8 g.) in acetic anhydride was added dropwise and, after a further 20 minutes, 
the reaction mixture was diluted with ice-water. The oily nitroso-compound was immediately 
extracted with benzene (500 c.c.), and the extract rapidly washed with ice-water and kept at 
35—40° over anhydrous sodium sulphate until evolution of nitrogen ceased (3 hours). The 
dark reaction mixture was filtered and, after removal of the excess of benzene, distillation of the 
residue at 172—175°/12 mm. gave 2-nitrodipheny]l as a pale yellow oil (12 g., 60% yield) which 
slowly solidified (m. p. 36°, from alcohol). 

(b) m-Nitvoacetanilide. Under the conditions described for the o-compaund the nitroso- 
derivative of m-nitroacetanilide was obtained as a yellow oil, which was treated with benzene 
‘at 20°. Removal of solvent left an oily residue; this, on distillation at 225—230°/35 mm., 
yielded 3-nitrodiphenyl (64% yield), which crystallised from methyl alcohol in yellow plates, 
m. p. 59—60°, undepressed on admixture with an authentic specimen. 

(c) p-Nitroatetanilide. By the method described above, except that the nitrosation mixture 
was stirred for 45 minutes in all to ensure complete reaction, the nitroso-compound of p-nitro- 
acetanilide was obtained as a pale yellow, microcrystalline solid (85% yield), m. p. 72°, decomp. 
75°. Reaction with benzene at 20° for 24 hours, followed by evaporation of solvent, left an 
orange crystalline solid, which on distillation at 100°/10-? mm. gave 4-nitrodiphenyl (60% 
yield) in pale yellow needles, m. p. and mixed m. p. with an authentic specimen 112—113°. 

(d) 2: 4-Dinitroacetanilide. By the method outlined above, the nitroso-compound of 2: 4- 
dinitroacetanilide was obtained as an oil, which was allowed to react with benzene at 20°. After 
removal of solvent the tarry residue was extracted with benzene, and the extract boiled with 
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charcoal and filtered. Concentration of the filtrate deposited 2 : 4-dinitrodiphenyl (10% yield) 
in yellow plates, m. p. 108—110° (cf. Gull and Turner, J., 1929, 496). 

Nitrosation of Ethyl 4-A cetamidophthalate.—The ester (2-8 g.) was treated with nitrosyl chloride 
exactly as described above in the case of o-nitroacetanilide. The nitroso-compound, which 
separated as an oil on dilution of the reaction mixture with ice-water, was treated with benzene 
at 20° and after removal of solvents the oily residue was hydrolysed by boiling with 20% aqueous 
sodium hydroxide (50 c.c.) for 3 hours. After extraction of unsaponified material with ether, 
acidification of the alkaline solution precipitated 4-phenylphthalic acid (0-8 g.), which crystallised 
from aqueous alcohol in colourless needles, m. p. and mixed m. p. with an authentic specimen 
194° (cf. Butterworth, Heilbron, Hey, and Wilkinson, J., 1938, 1386). 

3-Nitrosoacetamidodiphenyl.—A 30% solution of nitrosyl chloride (10 g.) in acetic anhydride 
was introduced dropwise into a stirred solution of 3-acetamidodiphenyl (10 g.) in a mixture of 
glacial acetic acid (75 c.c.) and acetic anhydride (25 c.c.) at 5°, containing fused potassium 
acetate (15 g.) and phosphoric oxide (0-5 g.). After a further 10 minutes, the reaction mixture 
was poured into ice-water; 3-mnitrosoacetamidodiphenyl (9-5 g.) then separated as crystalline 
aggregates, m. p. 78° (decomp.) (Found: N, 11-6. C,,H,,0,N, requires N, 11-7%). The dry 
nitroso-compound (9 g.) was allowed to react with benzene (500 c.c.) at 20° for 24 hours and, after 
removal of the excess of solvent, distillation of the residue at 100°/10-* mm. gave m-terphenyl 
(3-5 g.), which separated from methyl alcohol in colourless needles, m. p. 89° both alone and on 
admixture with an authentic specimen (France, Heilbron, and Hey, J., 1939, 1288). 

Nitrosation of Diacetyl-1 : 3-phenylenediamine.—A stirred mixture of diacetyl-1 : 3-phenylene- 
diamine (2 g.), glacial acetic acid (35 c.c.), acetic anhydride (15 c.c.), fused potassium acetate 
(2-5 g.), and phosphoric oxide (0-5 g.) was treated at 8° with a 30% solution of nitrosyl chloride 
(3 g.) in acetic anhydride exactly as described above. The oily nitroso-compound which 
separated on dilution of the reaction mixture with ice-water was treated with benzene at 20° in 
the usual manner. After removal of solvents distillation of the residue at 90°/10-* mm. yielded 
m-terpheny] (0-5 g.), m. p. and mixed m. p. 89° after crystallisation from methyl alcohol. 

Nitrosation of Diacetyl-1 : 4-phenylenediamine.—To a stirred suspension of diacetyl-1 : 4- 
phenylenediamine (10 g.) in a mixture of glacial acetic acid (150 c.c.) and acetic anhydride (75 
c.c.), containing fused. potassium. acetate (12 g.) and phosphoric oxide (1 g.), at 8° was added 
dropwise “a 30% solution of nitrosyl chloride (8 g.) in acetic anhydride. When the reaction 
mixture was poured into ice-water, dinitrosodiacetyl-1 : 4-phenylenediamine (11-4 g.) separated 
as a yellow microcrystalline solid, m. p. 124° (decomp.), corresponding with that prepared by 
France, Heilbron, and Hey (J., 1938, 1364). Reaction with benzene as previously described 
(idem, ibid.) gave p-terphenyl, which crystallised from alcohol in plates, m. p. and mixed 
m, p. 212°, 

2:4: 6-Trinitroacetanilide, benzanilide, p-nitrobenzanilide, oxanilide, 2-methoxydiacetyl- 
1: 4-phenylenediamine, 2: 5-diethoxydiacetyl-1 : 4-phenylenediamine, and ethyl N-acetyl- 
anthranilate were treated with nitrosyl chloride in the manner outlined above for o-nitro- 
acetanilide. The product obtained on dilution of the reaction mixture with ice-water was 
examined and deemed to be a nitroso-derivative if (a) it decomposed when heated in the naked 
flame with a characteristic “‘ flash ’ and (6) it evolved nitrogen when dissolved in benzene. In 
the cases of 2: 4: 6-trinitroacetanilide, oxanilide, and 2 : 5-diethoxydiacetyl-1 : 4-phenylene- 
diamine there was no indication of the formation of nitroso-derivatives. 

Niirosation of Acetanilide in Benzene Solution.—A solution of nitrosyl chloride (5 g.) in 
benzene (25 c.c.) was added dropwise to a stirred solution of acetanilide (5 g.) in benzene (250 
c.c.) containing fused potassium acetate (5 g.) and phosphoric oxide (1 g.) at 5°. After 15 
minutes the orange-coloured solution was allowed to regain room temperature and was finally 
warmed at 30° for 2 hours, during which time nitrogen was evolved. Evaporation of the 
filtered solution left a residue which on distillation at 135—140°/18 mm. gave diphenyl (2-3 g.), 
m. p. 70°, in 40% yield. 


THE UNIVERSITY, MANCHESTER. 
Roya. CoLtteGce or Science, Lonpon, S.W. 7. [Received, January 8th, 1940.) 








Haworth, Heilbron, and Hey: 


78. Nitrosoacylarylamines. Part IV. The Action of Some 
Nitrosoacylarylamines on Pyridine. 


By J. W. Haworth, I. M. HErtBron, and D. H. HEy. 


The action of nitrosoacetanilide on pyridine is shown to give rise to a mixture of 
a-, B- and y-phenylpyridine in a total yield of about 60%. The three isomerides are 
separated by fractional crystallisation of the picrates from acetone. Attention is drawn 
to the related reactions between benzenediazohydroxide, phenylazotriphenylmethane, 
and dibenzoyl peroxide and pyridine, all of which give in similar manner mixtures of 
phenylpyridines. Attempts to nitrosate a-acetamidopyridine, with the view to 
obtaining a single isomeride on reaction with benzene, were unsuccessful. Whereas it is 
known that dinitrosodiacetyl-1 : 4-phenylenediamine reacts with benzene to give p- 
terphenyl, it reacts differently with pyridine to give a product containing «- and ‘y-4- 
acetamidophenylpyridine. 


ATTENTION has been drawn elsewhere (Hey and Waters, Chem. Reviews, 1937, 21, 169) to 
the fact that the reactions of the diazohydroxides, nitrosoacylarylamines, arylazotriaryl- 
methanes, and diacyl peroxides have many features in common. In each case reaction can 
take place (a) with an aromatic compound C,H;R to give a biaryl compound in which the 
normal laws of aromatic substitution are not obeyed, (b) with a non-aromatic hydrogen- 
containing solvent R’H, resulting in abstraction of hydrogen from that solvent, and (c) 
with a non-aromatic halogen-containing solvent R’Hal, resulting in abstraction of halogen 
from that solvent, facts which are best explained on the basis of the intervention of reactive 
aryl radicals : 


Ph + C,H sR —> wand > PhCH R Sas iii an 
Ph+RH —>CH, .. sith anaicile sane 
i sh we «jose arrudiscshscreiice:s ecincaos 


Reactions between benzenediazohydroxide and pyridine (Gomberg and Bachmann, J. 
Amer. Chem. Soc., 1924, 46, 2339), phenylazotriphenylmethane and pyridine (Wieland ¢ al., 
Annalen, 1934, 514, 155), and dibenzoyl peroxide and pyridine (Overhoff and Tilman, 
Rec. Trav. chim., 1929, 48, 993) have already been described. In the benzenediazohydroxide 
reaction the product is stated to be “‘ phenylpyridine, m. p. 54—55°.”” Since, of the three 
isomeric phenylpyridines, only y-phenylpyridine (m. p. 74°; Forsyth and Pyman, J., 
1926, 2923) is solid, the product isolated in this instance is probably impure y-phenyl- 
pyridine. In the reactions with phenylazotriphenylmethane and with dibenzoyl peroxide 
the products are stated to consist of mixtures of the «- and the y-isomeride. 

The corresponding reaction with nitrosoacetanilide is now described, which, in reaction 
with pyridine, gives a mixture of all three isomeric phenylpyridines in a total yield of 60%. 
The three isomerides are separated by fractional crystallisation of their picrates from 
acetone. 

With a view to obtaining single isomerides attempts were made to effect the reverse 
process by utilising a nitrosoacetamidopyridine and benzene. It was found, however, that 
neither «-acetamidopyridine nor its methiodide nor methyl methosulphate could be 
nitrosated. This may be due to the fact that «-acetamidopyridine reacts in the tautomeric 


l 
form *NH-C:N-CO-CH;, thus simulating the difficult diazotisation of «-aminopyridine in 


which the tautomerism -N:C-NH, == -NH-C:NH is present. 

In a previous communication (this vol., p. 368) it was shown that p-benzamidoacetanilide 
formed a mononitroso-derivative, which reacted with benzene to give 4~-benzamidodiphenyl. 
In similar manner p-benzamidonitrosoacetanilide reacts with pyridine to give a mixture of 
p-benzamidophenylpyridines. 

Whereas dinitrosodiacetyl-1 : 4-phenylenediamine reacts with benzene to give 
p-terphenyl (France, Heilbron and Hey, J., 1938, 1371), with pyridine the product consists 
of regenerated diacetyl-l : 4-phenylenediamine and a mixture of #-acetamidophenyl- 
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pyridines, from which both «- and y-4-aminophenylpyridine are obtained on hydrolysis. 
No indication was obtained of the formation of any dipyridylbenzene in this reaction. 

The formation of all three isomerides in the reaction between nitrosoacetanilide and 
pyridine may be regarded as contributory evidence for the participation of free aryl radicals 
in this reaction (cf. Hey and Waters, loc. cit.), which follows a non-ionic course, since, if ions 
were involved, the formation of only the «- and the y-isomeride would be expected by any 


mechanism involving addition to the tertiary nitrogen atom, followed by a tautomeric 
change or migration reaction. 


EXPERIMENTAL. 


Action of Nitrosoacetanilide on Pyridine.—Nitrosoacetanilide (60 g.) was added (20 g. during 
4 hours per day) to pyridine (500 c.c.). The nitrosoacetanilide dissolved, nitrogen was evolved, 
and the solution darkened. Finally, after standing overnight, the pyridine was removed by 
distillation, and the residue collected at 150—180° /10—20 mm. (34 g.) as a yellow oil, from which, 
when cold, some y-phenylpyridine separated. The whole of the product, dissolved in alcohol, 
was added to a hot solution of picric acid (39 g.) in alcohol (530 c.c.). The mixture was boiled 
and filtered hot from a yellow picrate (A) (21 g.). A further quantity of picrate (B) (49 g.) 
separated from the filtrate when cold. Systematic fractional crystallisation from acetone 
yielded from (A) mainly y-phenylpyridine picrate (9 g.) in hard orange needles, m. p. 195—196°, 
and from (B) mainly a-phenylpyridine picrate (21 g.) in large yellow rhombic prisms, m. p. 
175—176°, together with some $-phenylpyridine picrate (9 g.) in long silky yellow needles, m. p. 
159—160°. The mother-liquors from the various fractions yielded a further 14 g. of mixed 
picrates. The m. p.’s of the picrates were not depressed on admixture with the corresponding 
products obtained from the reaction between diazotised aniline and pyridine (this vol., p. 352). 

Attempted Nitrosation of «-Acetamidopyridine.—Nitrous fumes were passed for 4 hours into a 
solution of «-acetamidopyridine (4 g.) in a mixture of glacial acetic acid (50 c.c.) and acetic 
anhydride (20 c.c.). «-Acetamidopyridinium nitrate (4-3 g.) separated as a water-soluble 
white precipitate, m. p. 187—188° (decomp.) both alone and on admixture with a specimen 
[m. p. 190° (decomp.)] prepared by the gradual addition of concentrated nitric acid to a solution 
of a-acetamidopyridine in glacial acetic acid. Plazek and Sucharda (Ber., 1928, 61, 1814) 
record m. p. 190°. Further treatment with nitrous fumes of a suspension of the nitrate in glacial 
acetic acid produced no change. 

Attempted Nitrosation of a-Acetamidopyridine Methiodide——The methiodide was prepared 
by boiling «-acetamidopyridine (10 g.), acetone (30 c.c.), and methyl iodide (20 c.c.) under reflux 
for 1 hour. The product (18 g.), which separated on cooling, was boiled in alcoholic solution 
with charcoal; the pure methiodide, which separated from the filtered solution, melted at 176° 
(Found: C, 34-7; H, 3-7. Calc. for C,H,,ON,I: C, 34-5; H, 39%). Renshaw and Shand 
(J. Amer. Chem. Soc., 1932, 54, 1475) give m. p. 177°. Nitrous fumes were passed for 4 hours 
into an ice-cold solution of the methiodide (0-5 g.) in a mixture of glacial acetic acid (80 c.c.) 
and acetic anhydride (20 c.c.). The only. action which took place was the liberation of iodine 
and there was no indication of the formation of any nitroso-compound. Similar attempted 
nitrosation of «-acetamidopyridine methyl methosulphate (prepared as a hygroscopic solid by 
refluxing methyl sulphate with «-acetamidopyridine in benzene solution) also gave no indication 
of the formation of a nitroso-derivative. 

Action of p-Benzamidonitrosoacetanilide on Pyridine—The nitroso-compound of -benz- 
amidoacetanilide (8 g.), prepared as previously described (this vol., p. 368), was added gradually 
during 2 hours to pyridine (200 c.c.) at 80°. The nitroso-compound dissolved slowly with 
evolution of nitrogen. After being heated for a further 2 hours at 80°, the solution was evapor- 
ated to small bulk. The product (4-5 g.) which separated was boiled under reflux with alcohol 
and charcoal. After filtration and concentration a mixture of p-benzamidophenylpyridines 
was obtained, m. p. 204—214° (Found: C, 78-8; H, 5:2. C,,H,,ON, requires C, 78-8; H, 
5:1%). Owing to the limited quantity of material available and its sparing solubility in most 
organic solvents a separation of the isomerides was not attempted. 

Action of Dinitrosodiacetyl-1 : 4-phenylenediamine on Pyridine.—Dinitrosodiacetyl-1 : 4- 
phenylenediamine (25 g.) (France, Heilbron, and Hey, Joc. cit.) was added during 2 hours to 
pyridine (500 c.c.) at 40—50°; it dissolved with evolution of nitrogen. After being heated at 
70—80° for 2 hours, the solution was cooled. Some diacetyl-1 : 4-phenylenediamine (6-2 g.) 
separated, m. p. and mixed m. p. 302° after purification by sublimation in a vacuum. The 
filtrate was evaporated to small bulk, and addition of acetone precipitated a further quantity 
(4:2 g.) of diacetyl-1 : 4-phenylenediamine. The acetone—pyridine filtrate was evaporated to 
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dryness; the residue, on high-vacuum distillation, yielded a mixture of p-acetamidopheny]l- 

pyridines (4 g.,), which, after crystallisation first from benzene, then from benzene-light 

petroleum (b. p. 60—80°), and finally three times from hot water, was obtained in colourless 
needles, m. p. 123—126° (Found: C, 73-8; H, 5-6. C,,H,,ON, requires C, 73-6; H, 5-7%). 

Hydrolysis with boiling concentrated hydrochloric acid, followed by basification and extraction 
with ether, gave y-4-aminophenylpyridine, m. p. 228—230° (Found : C, 77-3; H, 5-8. Calc. for 
C,,H,)N,: C, 77-6; H, 5-9%), which separated from the ethereal extract on concentration, and 

a-4-aminophenylpyridine, m. p. 97—98° (Found: C, 77-9; H, 6-3%), which was obtained on 

evaporation of the extract to dryness and purified by vacuum sublimation and crystallisation 
from light petroleum (b. p. 40—60°). Neither base showed any depression in m. p. on admixture 
with authentic specimens prepared by the reduction of the appropriate nitro-compounds (Forsyth: 
and Pyman, J., 1926, 2912; Haworth, Heilbron, and Hey, this vol., p. 349). 
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79. Syntheses of 2-Phenylnaphthalenes. 
By D. H. Hey and S. E. Lawton. 


2-Phenylnaphthalene can be conveniently prepared by the action of nitrosoaceto- 
2-naphthalide on benzene. By the same general reaction, viz., R°C,gH,*N(NO)-CO-CH, 
+ C,H,R’ —>R:‘C,,H,°C,H,R’ + N, + CH,°CO,H, 2’-, 4’-, 5-, 6-, and 8-mnitvo-2-phenyl- 
naphthalene, 6-bromo-2-phenylnaphthalene, and 6- and 17-methoxy-2-phenylnaphthalene 
are prepared. Nitration of 2-phenylnaphthalene gives 1-nitro-2-pheny/naphthalene. 
The six nitro-2-phenylnaphthalenes are reduced to the corresponding amines. The 
2’-acetamido-2-phenylnaphthalene thus prepared is identical with the acetyl derivative 
of the base resulting from the amide of a-chrysenic acid by Hofmann degradation. 
Reduction of 1-nitro-2-phenylnaphthalene with stannous chloride in hydrochloric acid 
gives 4-chloro-2-phenyl-1-naphthylamine, but when iron and acetic acid are used, 
2-phenyl-1-naphthylamine is obtained, which on acetylation and nitration gives 4-nitro- 
2-phenylaceto-\-naphthalide. The 1: 4diamino-2-phenylnaphthalene obtained from 
the latter on hydrolysis and reduction is readily oxidised to 2-phenyl-1 : 4-naphtha- 
quinone. Bromination of 2-phenylnaphthalene gives 1-bromo-2-phenylnaphthalene. 
Other compounds described include various di- and iri-nitro-derivatives of 2-phenyl- 
naphthalene, 2: 7-diphenylnaphthalene, and the naphthols derived from 6- and 7- 
methoxy-2-phenylnaphthalene on demethylation. 


None of the methods for the preparation of 2-phenylnaphthalene described in the literature 
appears suitable for its preparation in quantity. By means of the reaction between nitroso- 
aceto-2-naphthalide and benzene first carried out by Dr. E. C. Butterworth (see Haworth 
and Hey, this vol., p. 361), the hydrocarbon can be readily and cheaply made available in 
large quantity. Two simple chemical operations are involved. (1) The optimum condi- 
tions for the preparation of nitrosoaceto-2-naphthalide by means of nitrous fumes (Haworth 
and Hey, loc. cit.) and nitrosyl chloride (France, Heilbron, and Hey, this vol., 
p. 369) have been carefully worked out. In the former method almost quantitative nitros- 
ation can be effected on batches of 25 g. of aceto-2-naphthalide, but in the latter method 
equally good yields were obtained from quantities of aceto-2-naphthalide up to 150g. 
(2) In the reaction of nitrosoaceto-2-naphthalide with benzene, it was not found possible to 
prevent the production of much red tarry material and the yield of 2-phenylnaphthalene 
was 25—30%, calculated on the weight of nitrosoaceto-2-naphthalide; this, however, is 
not regarded as a serious disadvantage owing to the low cost of the initial materials. In the 
preparation of certain substituted 2-phenylnaphthalenes from substituted nitrosoaceto-2- 
naphthalides and benzene the formation of red by-products does not take place to the same 
extent and, as will be noted later, yields of 40—50% are obtained. For comparative pur- 
poses the method of preparation of 2-phenylnaphthalene described by Carter and van Loon 
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(J. Amer. Chem. Soc., 1938, 60, 1077) was investigated. They obtained the hydrocarbon in 
80—85% yield by refluxing «-amino-§-methoxy-f-phenylpropionic acid with hydrobromic 
acid, but the amino-acid had to be prepared by a three-stage process from cinnamic acid 
(idem, ibid., 1937, 59, 2555) and the overall yield for the four stages was of the order of only 
15% (they claim 25—30%). Moreover, the necessary purification of the intermediate. 
products rendered the method tedious as a means of preparing the hydrocarbon in quantity. 

(A) Nitro- and Amino-2-phenylnaphthalenes.—Under mild conditions of nitration, 2- 
phenylnaphthalene (I) gives almost exclusively 1-nitro-2-phenylnaphthalene (II), m. p. 127°, 
together with a very small quantity of a dimitro-derivative, m. p. 187—188°, probably 
1 : §-dinitro-2-phenylnaphthalene. Under more drastic conditions the product consists of 
a complex mixture of di- and possibly tri-nitro-derivatives, from which it has not been 
possible by fractional crystallisation to isolate any pure individual compound. The 
constitution of the 1-nitro-2-phenylnaphthalene (II) was established by the synthesis of the 
same substance by the action of diazotised 1-nitro-2-naphthylamine on benzene in the 
presence of aqueous alkali. The mild nitration of 2-phenylnaphthalene thus resembles 
that of 2-methylnaphthalene, which yields almost exclusively 1-nitro-2-methylnaphthalene 
(Schulze, Ber., 1884, 17, 844; Lesser, Annalen, 1914, 402, 32). 

Attempts to prove the constitution of 1-nitro-2-phenylnaphthalene (II) by degradative 
oxidation were unsuccessful, as also were those of Lesser (oc. cit.) in the case of 1-nitro-2- 
methylnaphthalene. 

The behaviour of 1-nitro-2-phenylnaphthalene (II) on reduction was similar to that of 
1-nitro-2-methylnaphthalene reported by Lesser. Reduction with stannous chloride and 
hydrochloric acid gave 4-chloro-2-phenyl-1-naphthylamine, whereas reduction with iron and 
acetic acid gave 2-phenyl-1-naphthylamine (III). Mild oxidation of 2-phenylnaphthalene 
(I) with chromic anhydride gives 2-phenyl-1 : 4-naphthaquinone (IV) (Zincke and Breuer, 
Annalen, 1884, 226, 23; Zincke, ibid., 1887, 240, 137) ; under the same conditions, 2’- and 
4'-nitro-2-phenylnaphthalene (see below) give rise to the corresponding nitro-2-phenyl-1 : 4- 
naphthaquinones, but 1-nitro-2-phenylnaphthalene is recovered unchanged. An attempt 
to convert 2-phenyl-l-naphthylamine into the corresponding nitrile by means of the 
Sandmeyer reaction gave, not the expected nitrile, but 1-chloro-2-phenylnaphthalene. 

Nitration of 2-phenylaceto-1-naphthalide (V) under mild conditions gave 4-nitro-2- 
phenylaceto-\1-naphthalide (V1) in good yield, which was converted on hydrolysis into 
4-nitro-2-phenyl-1-naphthylamine (VII) and by subsequent reduction into 1 : 4-diamino-2- 
phenylnaphthalene (VIII). Oxidation of the diamine (VIII) with aqueous chromic acid 
gave 2-phenyl-1 : 4-naphthaquinone (IV), identical with the product obtained directly from 
2-phenylnaphthalene on mild oxidation, thus indicating that nitration of 2-phenylaceto-1- 
naphthalide had been effected at position 4. 
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Grieve and Hey (J., 1934, 1797) have shown that the action of nitrosoacetanilide on 
nitrobenzene yields a mixture of 2- and 4-nitrodiphenyl. It is now shown that, in similar 
manner, nitrosoaceto-2-naphthalide and nitrobenzene give a mixture of 2’-nitro-2-phenyl- 
naphthalene (1X), m. p. 101°, and 4’-nitro-2-phenylnaphthalene (X), m. p. 174°, which can be 
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separated either by vacuum sublimation or by distillation in steam. Both nitro-compounds 
yield the corresponding nttro-2-phenyl-1 : 4-naphthaquinones on mild oxidation with chromic 
anhydride. Reduction of 2’-nitro-2-phenylnaphthalene (IX) gave 2’-amino-2-phenyl- 
naphthalene (XI), which was identified as such by the melting point of its mixture with the 
base obtained by the Hofmann degradation of the amide (XII) of «-chrysenic acid, as 
described by Graebe and Hénigsberger (Amnalen, 1900, 311, 271). The constitution of the 
isomeric 4’-nitro-2-phenylnaphthalene (X) was proved by oxidative degradation to p-nitro- 
benzoic acid. Reduction gave 4’-amino-2-phenylnaphthalene. 

Further nitration of 2’-nitro-2-phenylnaphthalene (IX) gave a product regarded as 
1 : 2’-dinitro-2-phenylnaphthalene, but under similar conditions 4'-nitro-2-phenylnaphth- 
alene (X) was unaffected. Under more drastic conditions 4’-nitro-2-phenylnaphthalene 
gave a mixture of two trinitro-2-phenylnaphthalenes, probably 1 : 5: 4’- and 1: 8: 4’-tri- 
nitro-2-phenylnaphthalene. Vesely and Kapp (Rec. Trav. chim., 1925, 44, 360) have shown 
that further nitration of 1-nitro-2-methylnaphthalene gives a mixture of the 1 : 5- and the 
1 : 8-dinitro-derivative. 
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In the same way that 2-phenylnaphthalene is obtained from nitrosoaceto-2-naphthalide 


and benzene, various nitro-2-phenylnaphthalenes can be obtained from the interaction of 
nitronitrosoaceto-2-naphthalides with benzene. 1-Nitroaceto-2-naphthalide could not be 
nitrosated, but this inhibition does not apply when the nitro-group is attached to the second 
ring in the naphthalene nucleus. 

By the methods of nitration due to Friedlander and Szymanski (Ber., 1892, 25, 2077) 
and Hodgson and Crook (J., 1936, 1844) 5-nitro- and 8-nitro-2-naphthylamines were pre- 
pared from $-naphthylamine; under the conditions of Saunders and Hamilton (J. Amer. 
Chem. Soc., 1932, 54, 636) 1-, 6-, and 8-nitro-2-naphthylamines were obtained. The 5-, 6-, 
and 8-nitro-2-naphthylamines were acetylated, and the resulting acetyl derivatives nitros- 
ated. The nitroso-compounds (XIII, XIV, and XV), on reaction with benzene, yielded 
5-nitro- (XVI), 6-nitro- (XVII), and 8-nitro-2-phenylnaphthalene (XVIII) respectively, in 
yields of 40, 52, and 47%. The three nitro-2-phenylnaphthalenes were reduced to the 
corresponding amines (XIX, XX, XXI), the 5- and the 8-nitro-compound by means of iron 
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and hydrochloric acid, in order to avoid nuclear chlorination, and the 6-nitro-compound by 
means of stannous chloride and hydrochloric acid. 

(B) 2 : 7-Diphenylnaphthalene.—2 : 7-Naphthylenediamine was prepared from 2: 7- 
dihydroxynaphthalene by the Bucherer reaction (Windaus, Ber., 1924, 57, 1731). Nitros- 
ation of the diacetyl derivative gave a dinitroso-compound, which on reaction with benzene 
gave 2: 7-diphenylnaphthalene. In similar manner diacetyl-2 : 6-naphthylenediamine was 
obtained from 2 : 6-dihydroxynaphthalene, but in this case nitrosation could not be 
effected by means of nitrous fumes or nitrosyl chloride. 

2 : 7-Diphenylnaphthalene is the first heteronuclear diphenylnaphthalene to be prepared, 
although all four homonuclear diphenylnaphthalenes are known (Allen and Gilman, /. 
Amer. Chem. Soc., 1936, 58, 937; Weiss, Abeles, and Knapp, Monatsh., 1932, 61, 162; 
Crawford, J]. Amer. Chem. Soc., 1939, 61, 608). 

(C) Bromo-2-phenylnaphthalenes.—Bromination of 2-phenylnaphthalene gave 1-bromo- 
2-phenylnaphthalene identical with the product obtained from 1l-amino-2-phenylnaph- 
thalene by means of the Sandmeyer reaction. 

Bromination of benzylidene-2-naphthylamine and subsequent hydrolysis as described 
by Franzen and Eidis (J. pr. Chem., 1913, 88, 763) gave 1 : 6-dibromo-2-naphthylamine, 
from which the bromine atom in position 1 was removed with hydriodic acid (Franzen and 
Stauble, ibid., 1920, 101, 68). The resulting 6-bromo-2-naphthylamine was acetylated and 
nitrosated in the normal manner, and subsequent reaction with benzene gave 6-bromo-2- 
phenylnaphthalene in 44% yield, identical with the product obtained from 6-phenyl-2- 
naphthylamine by means of the Sandmeyer reaction. 

(D) Hydroxy-2-phenylnaphthalenes.—6-Hydroxy-2-phenylnaphthalene should be readily 
obtainable from 6-amino-2-phenylnaphthalene by means of the diazo-reaction, but the 
availability of the latter, prepared by the method outlined above, is limited, since the 
6-nitro-2-naphthylamine from which it is obtained is formed only in small quantity in the 
nitration of B-naphthylamine by the method of Saunders and Hamilton (loc. cit.). An 
attempt to prepare 6-hydroxy-2-naphthylamine by an alternative method failed because 
the nitration of 1-bromo-2-naphthol, even under the mildest experimental conditions, gave 
1 : 6-dinitro-2-naphthol instead of the expected 6-nitro-l-bromo-2-naphthol. Jacchia 
(Annalen, 1902, 323, 127) converted 6-nitro-2-naphthylamine-8-sulphonic acid into 6-nitro- 
2-naphthol-8-sulphonic acid, which on reduction of the nitro-group and elimination of the 
sulpho-group with sodium amalgam in presence of sodium sulphide gave 6-hydroxy-2- 
naphthylamine. Since the yields obtained by this method were low, 2: 6-dihydroxy- 
naphthalene (XXII ; R= H, R’ = OH) wasconvertedinto 2-hydroxy-6-methoxynaphthalene 
(XXII; R =H, R’ = OMe), from which 6-methoxy-2-naphthylamine (XXIII; R = H, 
R’ = OMe) was obtained by means of the Bucherer reaction. 

Nitrosation of 6-methoxyaceto-2-naphthalide proceeded normally and subsequent 
reaction of the nitroso-compound (XXIV; R=H, R’ = OMe) with benzene gave 6- 
methoxy-2-phenylnaphthalene (XXV; R=H, R’ = OMe) in 41% yield, from which 
6-hydroxy-2-phenylnaphthalene (XXV; R = H, R’ = OH) was obtained on demethylation. 

In similar manner, by the method of Windaus (loc. cit.; cf. Fischer and Hammerschmidt, 
J. pr. Chem., 1916, 94, 24), 2 : 7-dihydroxynaphthalene (XXII; R = OH, R’ = H) was 
converted into 2-hydroxy-7-methoxynaphthalene (XXII; R=OMe, R’ =H) and 
thence into 7-methoxy-2-naphthylamine (XXIII; R= OMe, R’ =H). Nitrosation of 
7-methoxyaceto-2-naphthalide, followed by reaction with benzene, gave 7-methoxy-2- 
phenylnaphthalene (KXV; R= OMe, R’ & H) in 44% yield, from which 7-hydroxy-2- 
phenylnaphthalene (KXV; R = OH, R’ = H) was obtained on demethylation. 
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EXPERIMENTAL. 

Nitrosoaceto-2-naphthalide—(a) Nitrous fumes method. Nitrous fumes (from dilute sul- 
phuric acid and solid sodium nitrite) were passed for 3—4 hours into a solution of aceto-2- 
naphthalide (25 g.) in a mixture of acetic anhydride (150 c.c.) and glacial acetic acid (200 c.c.) at 

cc + 














~? 








378 Hey and Lawton: Syntheses of 2-Phenylnaphthalenes. 


8—10°. When the deep green solution was poured into ice-water (500 c.c.) with stirring, 
nitrosoaceto-2-naphthalide separated as a pale yellow, granular precipitate. This was washed 
with cold water and dried on a porous tile; the colour changed slowly from pale yellow to 
reddish-brown [yield, 22 g.; m.p. 80° (decomp.)]. (b) Nitrosyl chloride method. A solution of 
nitrosyl chloride (70 g.) in acetic anhydride (200 c.c.), kept cold by ice-salt, was dropped during 
15 minutes into a solution of aceto-2-naphthalide (150 g.) in a mixture of acetic anhydride 
(1000 c.c.) and glacial acetic acid (1000 c.c.) containing finely powdered, fused sodium acetate 
(156 g.) in suspension, the reaction mixture being maintained at 5—10° and vigorously stirred. 
After a further } hour’s stirring, the mixture was poured into ice-water (2500 c.c.), and the 
product (140 g.) isolated as described above. 

Action of Nitrosoaceto-2-naphthalide on Benzene.—Nitrosoaceto-2-naphthalide (20 g.) was 
added during 2—3 hours to benzene (1000 c.c.) stirred at room temperature; nitrogen was 
evolved and the solution became red. After 36 hours the solution was evaporated to half bulk 
and boiled under reflux for 3—4 hours with hydrochloric acid (200 c.c., d 1-2) and granulated tin 
(25 g.), the latter being added in portions at intervals of aboutan hour. This treatment removed 
the red colour. After filtration the benzene layer was separated, the benzene removed, and the 
residue distilled in a vacuum (100°/10-* mm.). 2-Phenylnaphthalene (5-4 g.) thus obtained 
crystallised from alcohol in lustrous white flakes, m. p. 101—102°.. Basification of the hydro- 
chloric acid layer liberated 2-naphthylamine, m. p. and mixed m. p. 112°, which was extracted 
‘with ether. In a preparation on a larger scale nitrosoaceto-2-naphthalide (230 g.), prepared in 
two batches by method (b) from aceto-2-naphthalide (250 g.), and benzene (8000 c.c.) gave 
2-phenylnaphthalene (55 g.). Distillation with superheated steam is more convenient than 
distillation in a high vacuum (100°/10-* mm.) in the large-scale preparations. 

A solution of 2-phenylnaphthalene (1 g.) in glacial acetic acid (20 c.c.) was heated on the 
steam-bath for 10 minutes with a solution of chromic anhydride (3 g.) in 80% acetic acid (10c.c.). 
Dilution with water gave 2-phenyl-1 : 4-naphthaquinone (0-8 g.), which crystallised from 
alcohol in yellow needles, m. p. 109° (cf. Chattaway and Lewis, J.,'1894, 65, 873). 

(A) Nitvo- and Amino-2-phenylnaphthalenes.—Nitration of 2-phenylnaphthalene. A mixture 
of nitric acid (d 1-42, 150 c.c.) and glacial acetic acid (75 c.c.) was added to a fine suspension of 
2-phenylnaphthalene (10 g.) in glacial acetic acid (75 c.c.), prepared by rapid cooling of the hot 
solution. After being kept at room temperature overnight, the suspended solid was filtered 
off, washed with dilute alkali solution and with water, and dried. Two crystallisations from 
alcohol gave-1-nitro-2-phenylnaphthalene (8-5 g.) in hard yellow needles, m. p. 127° (Found: C, 
76-9; H, 4:7. C,.H,,0O,N requires C, 77-1; H, 4.4%). On exposure to diffused sunlight the 
nitro-compound became pale greenish-yellow, but there was no change in m. p. When the 
original filtrate from the nitration mixture was poured into water, a yellow oil separated, which 
was extracted with ether, washed with dilute aqueous alkali, and dried. -Removal of the ether 
left a viscous residue, from which three crystalline products were obtained on treatment with 
alcohol; (i) m. p. 140-——170° (0-3 g.), (ii) m. p. 110—150° (0-3 g.), and (iii) m. p. 114—125° (0-4 g.). 
Fraction (iii) on further crystallisation gave 1-nitro-2-phenylnaphthalene, but similar treatment 
of fractions (i) and (ii) yielded only mixtures, m. p. 158—175° and 136—154° respectively. Ina 
second experiment the original filtrate from the nitration mixture was kept for 1 month at room 
temperature, during which time crystalline 1 : 5-dinityo-2-phenylnaphthalene (0-5 g.) separated ; 
after three recrystallisations from glacial acetic acid it was obtained in pale yellow needles, m. p. 
187—188° (Found : C, 65-4; H, 3-5. C,,H,,0O,N, requires C, 65-3; H, 3-4%). Under more 
drastic conditions of nitration, ¢.g., addition of the powdered hydrocarbon to nitric acid (d 1-42) 
at 50°, or treatment with a mixture of nitric acid (d 1-42) and sulphuric acid (d 1-8) at 50°, the 
yellow nitration product consisted of mixtures, m. p. 104° to 227°, from which no pure products 
could be isolated by fractional crystallisation from alcohol or glacial acetic acid. 

Attempted oxidation of 1-nitro-2-phenylnaphthalene with chromic anhydride, as described 
above for the oxidation of 2-phenylnaphthalene to 2-phenyl-1 : 4-naphthaquinone, resulted in 
the recovery of the nitro-compound unchanged (m. p. and mixed m. p. 126—127°). Under more 
drastic experimental conditions the nitro-compound was almost completely destroyed. 

4-Chlovo-2-phenyl-1-naphthylamine. A solution of stannous chloride (12 g.) in hydrochloric 
acid (d 1-2, 15 c.c.) was added to a hot solution of 1-nitro-2-phenylnaphthalene (2 g.) in alcohol 
(50 c.c.). After being heated in an open beaker on the steam-bath for 3 hours, the mixture was 
made strongly alkaline with concentrated aqueous sodium hydroxide. The base was extracted 
with ether and dried over potassium hydroxide. Evaporation of the ether left a viscous residue 
(1-8 g.), from which, after three crystallisations from light petroleum (b. p. 60—80°), 4-chloro-2- 
pheny!l-1-naphthylamine was obtained in light brownish needles, m. p. 79° (Found: C, 75-7; H, 
&1. CigHi2NCl requires C, 75-8; H, 47%). Acetylation by warming with.acetic anhydride 


® o om 


lal 


® © 8 —s 4 bf om © + & 





[1940] Hey and Lawton: Syntheses of 2-Phenylnaphthalenes. 379 


gave 4-chloro-2-phenylaceto-1-naphthalide, which crystallised from aqueous alcohol in white plates, 
m. p. 213° (Found: C, 72-9; H, 4-5. C,gH,,ONCI requires C, 73-2; H, 4-7%). 

2-Phenyl-1-naphthylamine. Iron dust (12 g.) was added in small portions during 4 hours to a 
boiling solution of 1-nitro-2-phenylnaphthalene (5 g.) in a mixture of glacial acetic acid (40 c.c.) 
and water (10c.c.). After being decanted from undissolved iron, the solution was made strongly 
alkaline with aqueous sodium hydroxide. The resulting mixture was extracted with ether and 
removal of the ether from the dried extract left a solid residue (4 g.), which after several crystallis- 
ations from light petroleum (b. p. 80—100°) gave 2-phenyl-l-naphthylamine in light brown 
needles, m. p. 104° (Found: C, 87:8; H, 5-7. Cy gH,,;N requires C, 87-7; H, 59%). Acetyl- 
ation by warming with acetic anhydride gave 2-phenylaceto-1-naphthalide, which separated from 
aqueous alcohol in white plates, m. p. 234° (Found: C, 82-65; H, 5-8. C,,sH,,ON requires C, 
82-75; H, 5-7%). A portion of the free base (4 g.) in a mixture of hydrochloric acid (d 1-2, 
24 c.c.) and water (15 c.c.) was diazotised with aqueous sodium nitrite (1-4 g. in 7 c.c.), and the 
resulting filtered diazonium solution added during 10 minutes to a solution of cuprous cyanide, 
prepared by the addition of aqueous potassium cyanide (5 g. in 9 c.c.) to aqueous copper sulphate 
(4-5 g. in 18 c.c.) at 60—70°. The solution was heated on the water-bath for an hour, cooled, 
and extracted with ether. Removal of the ether from the dried extract left a solid residue, which 
on sublimation at 100°/10-* mm. gave 1-chloro-2-phenylnaphthalene, which crystallised from 
alcohol in white needles, m. p. 82° (Found: Cl, 14-5. C,,H,,Cl requires Cl, 14-9%). 

Attempied nitrosation of 1-nitroaceto-2-naphthalide. Nitrous fumes were passed into a cold 
solution of 1-nitroaceto-2-naphthalide (2 g.) in a mixture of glacial acetic acid (150 c.c.) and acetic 
anhydride (100 c.c.). At half hourly intervals small portions were removed and poured into 
water, but in every case, even after 6 hours, the product was unchanged 1-nitroaceto-2-naph- 
thalide. To a similar solution containing fused sodium acetate (2 g.), an ice-cold solution of 
nitrosyl chloride (1 g.) in acetic anhydride (5 c.c.) was gradually added. After 20 minutes the 
mixture was poured into water, but again only unchanged 1-nitroaceto-2-naphthalide (m. p. and 
mixed m. p. 123°) was precipitated. 

Synthesis of 1-nitro-2-phenylnaphthalene. A solution of diazotised 1-nitro-2-naphthylamine 
was prepared by dropping a solution of the base (23 g.) in glacial acetic acid into cold stirred 
nitrosylsulphuric acid, prepared by the gradual addition of dry sodium nitrite (10 g.) to con- 
centrated sulphuric acid (100 c.c.) at 0° (cf. Schoutissen, J. Amer. Chem. Soc., 1933, 55, 4531). 
Benzene (500 c.c.) was added to the diazonium solution and into the stirred cooled mixture 
concentrated aqueous sodium hydroxide was dropped until the aqueous layer gave an alkaline 
reaction. After standing at room temperature for 48 hours, the dark benzene layer was 
separated, and the aqueous layer extracted with more benzene (250 c.c.). The combined 
benzene solutions, washed with concentrated hydrochloric acid and with water, were evaporated 
to dryness, and the residue sublimed at 130°/10* mm. After crystallisation from alcohol 
1-nitro-2-phenylnaphthalene separated in yellow needles, m. p. 127°, both alone and on 
admixture with the product of the same m. p. obtained above from the nitration of 2-phenyl- 
naphthalene. . 

4-Niivo-2-phenyl-1-naphthylamine. A solution of 2-phenylaceto-1-naphthalide (2 g.) in hot 
glacial acetic acid (15 c.c.) was cooled in ice and stirred during the addition of nitric acid (d 1-45, 
2c.c.). After standing at room temperature for an hour, the solution was warmed to 40°. The 
pale yellow solid precipitated by water gave, on crystallisation from alcohol, 4-nitvo-2-phenyl- 
aceto-\-naphthalide (1-2 g.) in hard yellow prisms, m. p. 230° (Found: C, 70-7; H, 4-7. 
C,,H,,0,N, requires C, 70-6; H, 4-6%). The acetyl derivative (1 g.) was boiled under reflux for 
6 hours with alcohol (25 c.c.) and hydrochloric acid (d 1-2, 5 c.c.), a further quantity (1 c.c.) of 
hydrochloric acid being added each hour. Dilution with water precipitated the base and 
crystallisation from alcohol gave 4-niivo-2-phenyl-l-naphthylamine (0-8 g.) in brown needles 
showing a greenish reflex, m. p. 155° (Found: C, 73-1; H, 4-7, C,,H,,0,N, requires C, 73-1; 
H, 45%). 

1: a inisetandeldicte pheinidanilisled Powdered 4-nitro-2-phenyl-l-naphthylamine (i g.) 
‘was added to a warm solution of stannous chloride (8 g.) in a mixture of hydrochloric acid (d 1-2, 
10 c.c.) and alcohol (8 c.c.). The whole was heated on the steam-bath for 3 hours, cooled, made 
strongly alkaline with aqueous sodium hydroxide, and extracted with ether. Evaporation of the 
ether from the dried extract left a brown oil, which was dissolved in light petroleum (b. p. 
60—80°). The diamine separated slowly in brownish needles, m. p. 100—101°, after further 
crystallisatiom from light petroleum (b. p. 80—100°). Acetylation by warming with a mixture 
of glacial acetic acid (1 c.o:) and acetic anhydride (2 c.c.) gave 1 : 4-diacetamido-2-phenylnaph- 
thalene, which separated from hot glacial acetic acid in small white needles, m. p. 320° (Found : 
C, 15-65;. H, 5-9. C,9H,,gO,N, requires C, 75:5; H, 5-7%). 
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The diamine (0-3 g.) in 20% hydrochloric acid (8 c.c.) was added slowly to a 5% aqueous 
solution of chromic anhydride (100 c.c.) at 80°. After boiling for 15 minutes, the solution was 
cooled ; it deposited 2-phenyl-1 : 4-naphthaquinone, m. p. 109° after crystallisation from alcohol, 
both alone and admixed with an authentic specimen prepared by the oxidation of 2-phenyl- 
naphthalene as described above. 

Action of nitrosoaceto-2-naphthalide on nitrobenzene. Nitrosoaceto-2-naphthalide (50 g.), 
prepared as described above, was added during 10 hours to freshly distilled nitrobenzene (1 1.) 
stirred at room temperature. The solution, which developed a red colour, was stirred for 36 
hours, and the nitrobenzene then removed with steam. The residual oil was distilled under 
reduced pressure to remove the last traces of nitrobenzene; the residue on sublimation at 
10-3 mm. gave two fractions at 80—100° and 140—180°. The lower fraction, obtained as a pink 
amorphous solid (8 g.), on repeated crystallisation from alcohol or glacial acetic acid gave 
2’-nitvo-2-phenylnaphthalene in pale yellow needles, m. p. 101° (Found: C, 77-1; H, 44. 
C,,.H,,0,N requires C, 77-1; H, 44%). The higher fraction, obtained as a deep red solid (7 g.), 
on repeated crystallisation first from alcohol and finally from glacial acetic acid yielded 4’-nitro-2- 
phenylnaphthalene in red needles, m. p. 174° (Found : C, 77-0; H, 44%). Alternatively the two 
nitro-compounds may be separated by distillation with superheated steam, in which only 
2’-nitro-2-phenylnaphthalene is volatile ; colouring matter which contaminates the distillate can 
be removed by boiling with animal charcoal in glacial acetic acid. 

2’-Nitro-2-phenylnaphthalene (0-2 g.) in glacial acetic acid (8 c.c.) was heated on the steam- 
bath for 10 minutes with a solution of chromic anhydride (0-6 g.) in 90% acetic acid (8 c.c.). 
Dilution with water gave 2’-nitro-2-phenyl-1 : 4-naphthaquinone, which crystallised from alcohol 
in yellow needles, m. p. 164° (Found : C, 68-6; H, 3-4. C, ,H,O,N requires C, 68-8; H, 3-2%). 
Under similar experimental conditions 4’-nitro-2-phenylnaphthalene gave 4'-nitro-2-phenyl-1 : 4- 
naphthaquinone, which crystallised from alcohol in greenish-yellow needles, m. p. 223—224° 
(Found: C, 69-1; H, 35%). Further oxidation of 4'-nitro-2-phenyl-1 : 4-naphthaquinone 
(2 g.) was effected by boiling under reflux for 12 hours in glacial acetic acid (80 c.c.) to which 
chromic anhydride (10 g.) was gradually added. The precipitate which separated on pouring 
into water was collected, dissolved in aqueous sodium hydroxide, and filtered. Acidification 
precipitated p-nitrobenzoic acid (0-3 g.), m. p. and mixed m. p. 238° after crystallisation from 
hot water. 

2'-A mino-2-phenylnaphthalene. 2'-Nitro-2-phenylnaphthalene (4 g.) was reduced with 
stannous chloride (24 g.) and hydrochloric acid (d 1-2, 30 c.c.) in the manner previously described 
for the reduction of 1-nitro-2-phenylnaphthalene to 4-chloro-2-phenyl-l-naphthylamine. The 
crude base (2-5 g.) separated from aqueous alcohol in light brown needles, m. p. 95° alone and on 
admixture with authentic 2’-amino-2-phenylnaphthalene prepared from chrysene by conversion 
into the amide of «-chrysenic acid, which was subjected to the Hofmann degradation as described 
by Graebe and Honigsberger (Joc. cit.). The acetyl derivative, prepared by warming the base 
with acetic anhydride, separated from alcohol in small white plates, m. p. 204—205° alone and on 
admixture with a specimen derived from the amide of «-chrysenic acid (Found : C, 82-5; H, 5-4. 
C,,H,,ON requires C, 82-75; H, 5-7%). 

4'-Amino-2-phenylnaphthalene. 4'-Nitro-2-phenylnaphthalene .(4 g.) was reduced with 
stannous chloride and hydrochloric acid as described above for 2’-nitro-2-phenylnaphthalene. 
The crude product (3 g.), after several crystallisations from light petroleum (b. p. 60—80°), gave 
4'-amino-2-phenylnaphthalene in light brown plates, m. p. 99° (Found: C, 87-5; H, 6-1. 
C,,H,,N requires C, 87-7; H, 5-9%). Acetylation by warming with acetic anhydride gave 
4'-acetamido-2-phenylnaphthalene, which separated from alcohol in white plates, m. p. 206° 
(Found : C, 82-9; H, 5-9. C,,H,,ON requires C, 82-75; H, 5-7%). 

Nitration of 2 '-nitvo-2-phenylnaphthalene. - - A solution of 2’-nitro-2-phenylnaphthalene (1 g.) 
in glacial acetic acid (25 c.c.) was.cooled in ice and stirred during the addition of nitric acid 
(2 1-5,4c.c.). After 1 hour the mixture was heated at 60—70° for 2 hours. On standing over- 
night in the refrigerator, a pale yellow solid (0-4 g.) separated, which was filtered off, washed, and 
dried. Four crystallisations from alcohol gave 1 : 2’-dinitro-2-phenylnaphthalene in pale yellow 
needles, m. p. 189° (Found: C, 65-05; H, 3-5. C,,.H,,O,N, requires C, 65-3; H, 3-4%). 
Admixture with the dinitro-compound, m. p. 187—188°, obtained from the nitration of 2-pheny]- 
naphthalene as previously described resulted in a depression of m. p. to 150—160°. 

Nitration of 4'-nitro-2-phenylnaphthalene. A solution of 4'-nitro-2-phenylnaphthalene (1 g.) 
in hot glacial acetic acid (20 c.c.) was cooled in ice and stirred during the additiom of nitric acid 

(@ 1-5,4¢.c.). After 2 hours’ heating at 60—70°, no nitration was effected, as shown by pouring 
a test portion into water. More nitric acid (d 1-5, 4 c.c.) was therefore added, and the solution 
heated at 60—70° for a further 2 hours. On standing overnight in the refrigerator, a mixture of 
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trinitro-derivatives separated as a yellowish-brown solid (0-3 g.), which was filtered off, washed, 
and dried. Extraction with boiling alcohol (150 c.c.) left a residue, m. p. 268—270° after several 
crystallisations from glacial acetic acid (Found: C, 56-3; H, 2-7. C,,H,O,N, requires C, 56-6; 
H, 2-6%). Evaporation of the alcoholic extract to about 50 c.c. resulted in the deposition of 
a dark yellow solid, which after recrystallisation from alcohol melted at 192—194° (Found : 
C, 57-0; H, 29%). When the original filtrate from the nitration mixture was poured into 
water, a brownish-yellow solid separated (m. p. 115—150°), but no pure product could be 
isolated by fractional crystallisation from alcohol. 

Preparation of nitroaceto-2-naphthalides. By the action of concentrated sulphuric acid on 
2-naphthylamine nitrate, as described by Friedlander and Szymanski (Joc. cit.) 5- and 8-nitro-2- 
naphthylamine were prepared, which on acetylation with acetic anhydride yielded the corres- 
ponding acetyl derivatives, m. p. 185° and 195° respectively. Nitration of phthaloyl-2-naphthyl- 
amine, as described by Hodgson and Crook (loc. cit.), gave a further quantity of 5- and 8-nitro-2- 
naphthylamine. The hydrolysis of the crude nitrophthaloyl-2-naphthylamine was effected, not 
with ammonia as described by these workers, but by refluxing the product (62 g.) for 6 hours 
with a mixture of alcohol (500 c.c.) and hydrochloric acid (d 1-2, 150 c.c.), a further quantity of 
hydrochloric acid (15 c.c.) being added each hour. After pouring into water and filtration, the 
filtrate was made alkaline with aqueous sodium hydroxide. The red precipitate (20 g.) was 
filtered off, washed, and dried. Crystallisation from alcohol gave 5-nitro-2-naphthylamine, 
m. p. 143°. The mother-liquors yielded some 8-nitroaceto-2-naphthalide on acetylation and 
crystallisation as in the method of Friedlander and Szymanski (loc. cit.). Nitration of aceto-2- 
naphthalide (from 200 g. of 8-naphthylamine) by the method of Saunders and Hamilton (loc. cit.) 
gave 1-nitro-2-naphthylamine (75 g., m. p. 127°), 6-nitro-2-naphthylamine (8 g., m. p. 203°), and 
8-nitro-2-naphthylamine (24 g.,m. p. 103-5°), which on acetylation with acetic anhydride gave the 
corresponding acetyl derivatives, m. p. 123°, 224°, and 195° respectively (cf. Vesely and Jakes, 
Bull. Soc. chim., 1923, 33, 942). 

5-Nitro-2-phenylnaphthalene. Nitrous fumes were passed for 3} hours into a cold solution of 
§-nitroaceto-2-naphthalide (10 g.) in a mixture of glacial acetic acid (300 c.c.) and acetic anhydr- 
ide (300 c.c.). When the whole was poured into ice-water with stirring, 5-nitronitrosoaceto- 
2-naphthalide separated as a yellow precipitate (8 g.), which was filtered off, washed, and dried 
on a porous tile [m. p. 84° (decomp.)]. The dry nitroso-compound was added in portions to 
benzene (400 c.c.) at room temperature. Nitrogen was evolved and the solution developed a 
red colour. After 36 hours the benzene was removed; the residue on sublimation at 10-* mm. 
gave a yellow solid, which on crystallisation from alcohol yielded 5-nitvo-2-phenylnaphthalene 
(3-1 g.) in pale yellow needles, m. p. 89° (Found : C, 77-3; H, 4-0. C,,.H,,O,N requires C, 77-1; 
H, 44%). 

6-Phenyl-1-naphthylamine. A mixture of iron dust (3 g.), 95% alcohol (60 c.c.), and hydro- 
chloric acid (d 1-2, 1 c.c.) was boiled under reflux for 15 minutes, 5-nitro-2-phenylnaphthalene 
(3 g.) then added, and boiling continued for 12 hours with the addition of hydrochloric acid (d 1-2, 
0-5 c.c.) every 3hours. The mixture was then made alkaline with sodium carbonate and filtered 
several times through a fine filter. Distillation of the alcohol left a solid residue, which was 
dissolved in light petroleum (b. p. 80—100°) and boiled with animal charcoal. When cold, the 
filtered solution deposited 6-phenyl-l-naphthylamine (2 g.) in white needles with a faint purple 
tinge, m. p. 142—143° (Found : C, 87-5; H, 5-9. C,,H,,N requires C, 87-7; H, 5-9%). Acetyl- 
ation was effected by warming the base (0-3 g.) with acetic anhydride (l1c.c.). Oncrystallisation 
from alcohol 6-phenylaceto-1-naphthalide separated in white needles, m. p. 131° (Found: C, 
82-5; H, 5-8. C,,H,,ON requires C, 82-75; H, 5-7%). 

6-Nitvo-2-phenylnaphthalene. The nitroso-compound of 6-nitroaceto-2-naphthalide was 
prepared as described above for the corresponding 5-nitro-compound, a solution of 6-nitroaceto- 
2-naphthalide (10 g.) in a mixture of glacial acetic acid (300 c.c.) and acetic anhydride (150 c.c.) 
being used. The dry nitroso-compound [9 g., m. p. 86° (decomp.)] was added to benzene 
(400 c.c.), and the product isolated as described above for the 5-isomeride. 6-Nitro-2-phenyl- 
naphthalene (4-5 g.) separated from alcohol in pale yellow needles, m. p. 146° (Found: C, 77:2; 
H, 4-6. C,,H,,0O,N requires C, 77-1; H, 4-4%). 

6-Phenyl-2-naphthylamine. A solution of stannous chloride (36 g.) in hydrochloric acid (d 
1-2, 50 c.c.) was added to a solution of 6-nitro-2-phenylnaphthalene (6 g.) in alcohol (100 c.c.). 
The mixture was heated on the steam-bath for 4 hours in an open beaker. The cooled solution 
was made strongly alkaline with concentrated aqueous sodium hydroxide and extracted with 
ether. Evaporation of the dried extract left a solid residue, which on crystallisation from light 
petroleum (b. p. 80—100°) gave 6-phenyl-2-naphthylamine (4-5 g.) in light brown needles, m. p. 
132° (Found : C, 87:5; H, 5-7. C,,H,,N requires C, 87-7; H, 59%). Acetylation with acetic 
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anhydride i in the normal manner gave 6-phenylaceto-2-naphthalide, which separated from aqueous 
alcohol in white plates, m. p. 199° (Found : C, 82-8; H, 5-7. C,,H,,ON requires C, 82-75; 
H, 5-7%). 

8-Nitro-2-phenylnaphthalene. The nitroso-derivative of 8-nitroaceto-2-naphthalide was 
prepared from a solution of 8-nitroaceto-2-naphthalide (5 g.) in a mixture of glacial acetic acid 
(300 c.c.) and acetic anhydride (300 c.c.) as described above for the nitrosation of the 5-isomeride. 
The dry nitroso-compound [3-6 g., m. p. 86° (decomp.)] and benzene (200 c.c.) gave, as described 
above in the preparation of 5-nitro-2-phenylnaphthalene, 8-nitvo-2-phenylnaphthalene (1-6 g.), 
which crystallised from alcohol in yellow needles, m. p. 69° (Found: C, 77:3; H, 45 
C,,H,,0,N requires C, 77-1; H, 4-4%). 

7-Phenyl-1-naphthylamine. An alcoholic solution of 8-nitro-2-phenylnaphthalene (3 g.) was 
reduced with iron and hydrochloric acid exactly as described above for the reduction of 5-nitro- 
2-phenylnaphthalene. The solid residue obtained on evaporation of the filtrate was redissolved 
in alcohol and boiled with animal charcoal. The filtered solution, slightly diluted with water, 
deposited 7-phenyl-1-naphthylamine (2 g.) in cream-white needles, m. p. 94° (Found: C, 87-7; 
H, 6-1. C,,H,,N requires C, 87-7; H,5-9%). Acetylation with acetic anhydride in the normal 
manner gave 7-phenylaceto-1-naphthalide, which crystallised from alcohol in small plates, m. p. 
203° (Found : C, 82-7; H, 5-9. C,,H,,ON requires C, 82-75; H, 5-7%). 

(B) 2: 7-Diphenylnaphthalene.—2 : 7-Naphthylenediamine, prepared from 2 : 7-dihydroxy- 
naphthalene by the Bucherer reaction (Windaus, loc. cit.), was acetylated with a mixture of 
glacial acetic acid and acetic anhydride. The resulting 2 : 7-diacetamidonaphthalene (10 g.) was 
dissolved in a mixture of glacial acetic acid (200'c.c.) and acetic anhydride (150 c.c.) and into the 
cooled solution nitrous fumes were passed for 14 hours.. The dinitroso-compound (6-2 g.), 
precipitated by pouring the reaction mixture into brine with vigorous stirring, was filtered off, 
washed with water, dried [m. p. 79° (decomp.)], and added in small portions to benzene (300 c.c.). 
Nitrogen was evolved and the solution developed a red colour. After 36 hours the benzene was 
removed by distillation, and the residue sublimed ina vacuum. Crystallisation of the sublimate 
from alcohol gave 2 : 1-diphenylnaphthalene (2 g.) in lustrous plates, m. p. 143° (Found : C, 94-4; 
H, 5-5. CygH i requires C, 94:7; H, 53%). 

In similar manner 2 : 6-naphthylenediamine (17 g.), prepared from 2 : 6-dihydroxynaph- 
thalene (cf. Windaus, /oc. cit.), was acetylated by boiling under reflux for 1 hour with a mixture of 
glacial acetic acid (50 c.c.) and acetic anhydride (15c.c.). The diacetyl derivative (16 g.), which 
was precipitated on pouring into water, was filtered off, washed with water, and dried; it was 
insoluble in most organic solvents, but crystallised from nitrobenzene in greenish-yellow needles, 
m. p. 334—335° (Found : C, 69-65; H, 5-8. C,,H,,O,N, requires C, 69-4; H,5-8%). Attempts 
were made to nitrosate it (a) by passing nitrous fumes into a cold stirred suspension (2 g.) in a 
mixture of glacial acetic acid (70 c.c.) and acetic anhydride (50 c.c.) containing phosphoric 
oxide (1-5 g.), and (b) by addition of a solution of nitrosyl chloride (1-9 g.) in acetic anhydride 
(4 c.c.) to a stirred suspension (2-5 g.) in a mixture of glacial acetic acid (40 c.c.) and acetic 
anhydride (20 c.c.) containing fused sodium acetate (4 g.) at 0°. In both cases the diacetyl- 
2 : 6-naphthylenediamine was recovered unchanged. 

(C) Bromo-2-phenylnaphthalenes.—Bromination of 2-phenylnaphthalene. Powdered 2-phenyl- 
naphthalene (2 g.) was added to a solution of bromine (2 g.) in glacial acetic acid (12 c.c.) and the 
mixture was stirred at room temperature for 4 hours and then at 40—50° for 6hours. Hydrogen 
bromide was evolved. On pouring into ice-water, an oil separated which solidified; it was 
filtered off, washed with water, and dried. Two crystallisations from methyl alcohol gave 
1-bromo-2-phenylnaphthalene (1-1 g.) in hard white needles, m. p. 66° (Found: C, 67-45; H, 4-2. 
C,,H,,Br requires C, 67-8; H, 3-9%), not depressed by the compound prepared from 2-phenyl-1- 
naphthylamine as follows: the filtered diazonium solution, prepared by addition of aqueous 
sodium nitrite (0-6 g. in 4 c.c.) to a fine suspension of 2-phenyl-l-naphthylamine (1-6 g.) in a 
mixture of hydrochloric acid (d 1-2, 6 c.c.) and water (10 c.c.) at 5°, was added slowly to a cold 
solution of cuprous bromide, prepared by passing sulphur dioxide into an aqueous solution 
containing copper sulphate (9 g.) and potassium bromide (4-6 g.), in hydrobromic acid (d 1-4, 
12 c.c.); the reaction was completed on the steam-bath.. The cooled mixture was extracted 
with ether, and evaporation of the ether from the dried extract left a residue, which was dissolved 
in methyl alcohol and boiled with animal charcoal. The filtered solution deposited 1-bromo-2- 
phenylnaphthalene, which on recrystallisation separated in white needles, m. p. 66°. 

6-Bromo-2-phenylnaphthalene. A cold solution of 6-bromoaceto-2-naphthalide (10 g.), 
prepared by the bromination of benzylidene-2-naphthylamine and removal of the bromine atom 
in the 1-position by treatment of the resulting 1 : 6-dibromo-2-naphthylamine with hydriodic 
acid, followed by acetylation (Franzen and Eidis, loc. cit.; Franzen and Stauble, Joc. cit.), in a 
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mixture of glacial acetic acid (350 c.c.) and acetic anhydride (100 c.c.) was treated with nitrous 
fumes for 3 hours in the normal manner. On pouring into ice-water, 6-bromonitrosoaceto-2- 
naphthalide (8 g.) separated as a pale yellow precipitate, which was filtered off, washed, and dried 
[m. p. 82° (decomp.)]. The dry nitroso-compound was added in portions to benzene (400 c.c.). 
After 36 hours the benzene was removed by distillation, and the residue sublimed at 10-* mm. 
Crystallisation of the pale yellow sublimate from alcohol gave 6-bromo-2-phenylnaphthalene 
(3-4 g.) in large plates, m. p. 132° (Found: C, 67-6; H, 3-9. C,,H,,Br requires C, 67-8; H, 
3-9%), not depressed by the compound prepared from 6-phenyl-2-naphthylamine by means of 
the Sandmeyer reaction exactly as described above for the preparation of 1-bromo-2-phenyl- 
naphthalene from 2-phenyl-l-naphthylamine. The crude product was sublimed in a vacuum 
and subsequent crystallisation from alcohol gave 6-bromo-2-phenylnaphthalene in white plates, 
m. p. 132°. 

Nitration of 1-bromo-2-naphthol. Powdered 1-bromo-2-naphthol (10 g.) (Franzen and 
Stauble, J. pr. Chem., 1922, 103, 367) was added during 1 hour to a stirred mixture of glacial acetic 
acid (30 c.c.) and nitric acid (d 1-42, 5 c.c.) at 0°. After standing overnight, addition of water 
precipitated 1 : 6-dinitro-2-naphthol (6 g.), m. p. 194—195° (after successive crystallisation from 
acetic acid and chloroform) both alone and on admixture with an authentic specimen prepared by 
Bell’s method (J., 1932, 2732). 

(D) Hydroxy-2-phenylnaphthalenes.—6-Hydroxy-2-phenylnaphthalene. Nitrous fumes were 
passed for 3 hours into a cold solution of 6-methoxyaceto-2-naphthalide (10 g., m. p. 159—160°), 
prepared from 2: 6-dihydroxynaphthalene by monomethylation, amination of the hydroxyl 
group, and subsequent acetylation as described by Windaus (Joc. cit.), in a mixture of glacial 
acetic acid (200 c.c.) and acetic anhydride (100 c.c.). On pouring into ice-water, the nitroso- 
compound (8 g.) was precipitated as a pale yellow, granular solid, which was filtered off, washed, 
and dried [m. p. 82° (decomp.)]. The dry nitroso-compound was added in small portions to 
benzene (500 c.c.) at room temperature, and after 36 hours the benzene was removed by distilla- 
tion. The residue was purified by sublimation in a vacuum, followed by crystallisation from 
alcohol, which gave 6-methoxy-2-phenylnaphthalene (3-2 g.) in pale yellow plates, m. p. 148° 
(Found: C, 87-1; H, 6-2. C,,H,,O requires C, 87-2; H, 60%). The methoxy-compound 
(2 g.) was boiled under reflux for 12 hours with ‘a mixture of hydriodic acid (d 1-7; 20 c.c.) and 
glacial acetic acid (20 c.c.) in a Geissler flask. The precipitate obtained on dilution with water 
was filtered off, washed, dried, and boiled for 10 minutes in benzene solution with animal char- 
coal; light petroleum (b. p. 60—80°) was added to the filtrate and, on cooling, 6-hydroxy-2- 
phenylnaphthalene (1-4 g.) separated in colourless plates, m. p. 175—176° after recrystallisation 
from benzene-light petroleum (b. p. 60—80°) (Found: C, 86-9; H, 5:3. C,,H,,O requires C, 
87-3; H, 5-45%). 

1-Hydroxy-2-phenylnaphthalene. '1-Methoxyaceto-2-naphthalide, m. p. 156°, was prepared 
from 2: 7-dihydroxynaphthalene by monomethylation (cf. Fischer and Hammerschmidt, loc. 
cit.), followed by amination of the hydroxyl group and acetylation with a mixture of glacial 
acetic acid and acetic anhydride as described by Windaus (loc. cit.). Acetylation of 7-methoxy- 
2-naphthylamine by boiling with acetic anhydride alone gave diacetyl-71-methoxy-2-naphthylamine, 
which crystallised from alcohol in long white needles, m. p. 129° (Found: C, 70-35; H, 5-8. 
C,5H,,0,N requires C, 70-0; H, 5-8%).. Nitrosation of 7-methoxyaceto-2-naphthalide (10 g.) 
was effected exactly as described above for the nitrosation of 6-methoxyaceto-2-naphthalide. 
The dry nitroso-compound [8 g., m. p. 85° (decomp.)] on reaction with benzene (500 c.c.) gave, as 
described above in the preparation of the 6-isomeride, 7-methoxy-2-phenylnaphthalene (3-4 g.), 
which separated from aqueous alcohol, or light petroleum (b. p. 80—100°), in white plates, m. p. 
80° (Found: C, 86-9; H, 5-7. C,,H,,O requires C, 87-2; H, 6-0%). Demethylation with a 
mixture of hydriodic acid and glacial acetic acid, as described above for the 6-isomeride, gave 
1-hydroxy-2-phenylnaphthalene, which separated from benzene-light petroleum (b. p. 60—80°) 
in pale yellow needles, m. p. 156° (Found: C, 87:15; H, 5-6. C,,H,,O requires C, 87-3; 
H, 5-45%). 
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80. The Nitration of 6- and 7-Methoxyaceto-2-naphthalide. 
By D. H. Hey and S. E. LAwTon 


Nitration of 7-methoxyaceto-2-naphthalide gives a mixture of l- and 8-nitro-7- 
methoxyaceto-2-naphthalide. NWHydrolysis of the former gives a base identical with the 
1-nitro-7-methoxy-2-naphthylamine prepared by Fischer and Kern (J. pr. Chem., 1916, 
94, 34): the constitution of the latter is established by conversion into 8-nitro-2 : 7- 
naphthylenediamine, reduction to the triamine, and condensation of this with benzil 
to give a quinoxaline derivative. Similarly, nitration of 6-methoxyaceto-2-naph- 
thalide gives a mixture of l- and 5-nitro-6-methoxyaceto-2-naphthalide and the con- 
stitution of the former is established by hydrolysis to give 1-nitvo-6-methoxy-2- 
naphthylamine, identical with the base obtained from 1-nitro-2 : 6-dimethoxynaph- 
thalene on amination. Both 1-nitro-6-methoxy- and 1-nitro-7-methoxy-aceto-2- 
naphthalide give with nitrous fumes nitroso-derivatives, which do not evolve nitrogen 
in benzene solution, but 5-nitro-6-methoxy- and 8-nitro-7-methoxy-aceto-2-naph- 
thalide give normal nitroso-derivatives, which react with benzene to give 5-nitro-6- 
methoxy- and 8-nitro-7-methoxy-2-phenylnaphthalene respectively. The latter are 
identical with the compounds obtained from 6- and 7-methoxy-2-phenylnaphthalene 
by direct nitration. 


NITRATION of 7-methoxyaceto-2-naphthalide (I) gave a mixture of 1- (m. p. 160°) (II) and 
8-nitro-7-methoxyaceto-2-naphthalide (m. p. 229—230°) (III). The constitution of the former 
was established by the identity of the 1-nitro-7-methoxy-2-naphthylamine (IV) obtained 
on hydrolysis with the compound of that constitution prepared by Fischer and Kern 
(J. pr. Chem., 1916, 94, 34) from 1-nitro-2 : 7-dimethoxynaphthalene (V) by treatment with 
alcoholic ammonia at 180—190°. That this reaction actually gave 1-nitro-7-methoxy-2- 
naphthylamine (IV) was proved by Fischer and Kern by reduction of the nitro-group and 
condensation of the resulting 7-methoxy-1 : 2-naphthylenediamine with benzil or phen- 
anthraquinone. ‘ A sample.of 1-nitro-7-methoxy-2-naphthylamine (IV) thus prepared gave 
a diacetyl derivative, m. p. 165—166°, on acetylation with acetic anhydride, but under milder 
experimental conditions a monoacetyl derivative, m. p. 160°, was obtained, identical with 
the compound of the same melting point formed in the nitration of 7-methoxyaceto-2- 
naphthalide. The identity of the two bases was also confirmed by a mixed melting point 
of their picrates. The melting point recorded by Fischer and Kern (loc. cit.) for 1-nitro-7- 
methoxyaceto-2-naphthalide was 149—150°, but since they prepared it by acetylation of 
the base with acetic anhydride, their product probably contained some of the diacetyl 
derivative, which would account for its low melting point. 

The constitution of the 8-nitro-7-methoxyaceto-2-naphthalide (III) was established by 
its conversion into 8-nitro-2 : 7-naphthylenediamine (V1) by the action of alcoholic ammonia 
at 180—190°, which on reduction yielded the triamine (VII) ; this condensed with benzil 
to form a guinoxaline derivative (VIII), indicating that two of the amino-groups in the 
triamine are situated at adjacent positions in the naphthalene nucleus and, if the possibility 
of nitration at a 6-position in 7-methoxyaceto-2-naphthalide is disregarded, a course which 
is fully warranted by the known facts of orientation in the naphthalene series, nitration 
must have been effected at the 8-position. 

8-Nitro-7-methoxyaceto-2-naphthalide (III) formed a nitroso-derivative in the normal 
manner on treatment with nitrous fumes, and reaction of the nitroso-compound with 
benzene gave 8-nitro-7-methoxy-2-phenylnaphthalene (1X), identical with the single product 
obtained from 7-methoxy-2-phenylnaphthalene (X) by direct nitration. 1-Nitro-7- 
methoxyaceto-2-naphthalide (II) also formed a mitroso-compound in similar manner, but 
this latter did not react normally with benzene; no nitrogen was evolved and the original 
1-nitro-7-methoxyaceto-2-naphthalide was regenerated. Such behaviour has_ been 
encountered previously with certain substituted acylarylamines (Haworth and Hey, this 
vol., p. 361). The conversion of 7-methoxyaceto-2-naphthalide (I) into 7-methoxy-2- 
phenylnaphthalene (X) has been described elsewhere (Hey and Lawton, this vol., p. 383). 

Like the corresponding 7-methoxy-derivative, 6-methoxyaceto-2-naphthalide (XI) gave 








we 


— Ae * Set em OO 








re Se Sere 





— 


[1940] 6- and 7-Methoxyaceto-2-naphthahde. 385 


two compounds on nitration, namely, 1- (m. p. 157°) (XII) and 5-nitro-6-methoxyaceto-2- 
naphthalide (m. p. 208—209°) (XIII). The constitution of the former was established by 
hydrolysis to give 1-nttro-6-methoxy-2-naphthylamine (XIV), which was identical with the 
base formed by the action of alcoholic ammonia at 180—190° on 1-nitro-2 : 6-dimethoxy- 
naphthalene (XV). Further evidence in support of this constitution was provided by the 
fact that the 1-nitro-6-methoxyaceto-2-naphthalide formed a nitroso-derivative in the 


Ph 
NO, NH, — y 
HN H, , HN My: iey NH, 
(VI.) (VII.) (VIII.) 
a si 
mee pie _, Meo HAc , M HAc mi? Sic 
(I.) (IIT.) (II.) 
s. - = 
ce tis wat oe ge Os evi my Ya 
(X.) (IX.) (IV.) (v.) 


normal manner, which in benzene solution reverted to the acetyl derivative, thus simulating 
the behaviour of 1-nitro-7-methoxyaceto-2-naphthalide. On the other hand, nitrosation 
of 5-nitro-6-methoxyaceto-2-naphthalide (XIII) proceeded normally and subsequent 
reaction of the nitroso-compound with benzene gave 5-nttro-6-methoxy-2-phenylnaphthalene 
(XVI), identical with the single product obtained from 6-methoxy-2-phenylnaphthalene 
(XVII) by direct nitration. Conclusive proof of the entry of the nitro-group into the 5- 
position in these reactions is lacking, but circumstantial evidence, including analogy to the 
nitration of the corresponding 7-methoxy-derivatives, gives strong support to the correct- 
ness of the views now expressed (cf. Chakravarti and Pasupati, J., 1937, 1859). The 
conversion of 6-methoxyaceto-2-naphthalide (XI) into 6-methoxy-2-phenylnaphthalene 
(XVII) has been described elsewhere (Hey and Lawton, Joc. cit.). 


NO, NO, 
NHAc NHAc HAc 
wel) — wel) + M > wel . 
NO, 
(X1.) (XIIL.) (XII.) (XIV.) 
NO, 
Ph Ph OMe Me 
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0, 
XVII.) (XVI.) (XV.) 
EXPERIMENTAL. 


Nitration of 'T-Methoxyaceto-2-naphthalide.—Nitric acid (d 1-42, 2 c.c.) was added 
to a fine suspension of 7-methoxyaceto-2-naphthalide (4 g.) (Windaus, Ber., 1924, 57, 1731) in 
glacial acetic acid (20 c.c.) cooled in ice. After 1} hours’ stirring, the yellow solid (3-1 g.) was 
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filtered off, washed, dried, and dissolved in boiling alcohol (120 c.c.), from which, on cooling, 
8-nitro-7-methoxyaceto-2-naphthalide (1-2 g.) separated; . on further crystallisation this formed 
yellow prisms, m. p. 229—230° (Found: C, 60-3; H, 4-6. C,,;H,,0,N, requires C, 60-0; H, 
4-6%). The original alcoholic mother-liquor on evaporation to about 50 c.c. and cooling 
deposited a second crop of crystals, which after several recrystallisations from alcohol gave 
1-nitvo-7-methoxyaceto-2-naphthalide (1-1 g.) in orange-yellow needles, m. p. 160° (Found: 
C, 60-1; H, 4:9%). 

1-Nitro-7-methoxyaceto-2-naphthalide was boiled under reflux for 4 hour with alcoholic 
potassium hydroxide. Addition of water precipitated the free base, which crystallised from 
aqueous alcohol in reddish-yellow needles, m. p. 115—116°, both alone and on admixture with 
a specimen of 1-nitro-7-methoxy-2-naphthylamine prepared from 2 : 7-dimethoxynaphthalene 
by nitration and subsequent amination as described by Fischer and Kern (loc. cit.). The picrates 
prepared from the two specimens separated from methyl alcohol in red needles, m. p. and mixed 
m. p. 125°. 

1-Nitro-7-methoxy-2-naphthylamine (0-5 g.), prepared by the method of Fischer and Kern 
(loc. cit.), was boiled under reflux for 1 hour with a mixture of glacial acetic acid (5 c.c.) and acetic 
anhydride (2 c.c.). The solid obtained when the product was poured into water was filtered 
off, washed, and dried; on crystallisation from alcohol it gave 1-nitro-7-methoxyaceto-2- 
naphthalide in orange-yellow needles, m. p. 160°, both alone and on admixture with the product 
of the same m. p. obtained above by the nitration of 7-methoxyaceto-2-naphthalide. Acetyl- 
ation of the base (0-5 g.) by boiling under reflux for 1 hour with acetic anhydride (7 c.c.) alone 
gave, on dilution with water, a yellow precipitate, which was washed, dried, and crystallised from 
alcohol. Diacetyl-1-nitro-7-methoxy-2-naphthylamine was obtained in greenish-yellow needles, 
m. p. 166° (Found: C, 59-7; H, 4:7. C,;H,,0O,N, requires C, 59-6; H, 46%). The same 
product was obtained on boiling 1-nitro-7-methoxyaceto-2-naphthalide with acetic anhydride. 
A mixture of the diacetyl and the monoacetyl derivative melted at 132—140°. 

Proof of the Constitution of 8-Nitro-1-methoxyaceto-2-naphthalide.—8-Nitro-7-methoxyaceto- 
2-naphthalide (5 g., m. p. 229—230°) was heated in an autoclave with alcoholic ammonia 
(100 c.c.) for 1 hour at 160° and then for 3 hours at 200°. The solid residue obtained on evapor- 
ation of the reaction mixture to dryness was recrystallised from aqueous alcohol to give 8-nitro- 
2: 7-naphthylenediamine (3-5 g.) in brown needles, m. p. 203—204°. Granulated tin (7 g.) 
was added to a solution of the diamine (2-5 g.) in a mixture of alcohol (150 c.c.) and hydrochloric 
acid (d 1-2, 30 c.c.) heated on the steam-bath. After 2 hours the solution was cooled, and the 
white crystalline mass filtered off, washed with hydrochloric acid, and dissolved in hot water. 
After addition of concentrated hydrochloric acid and cooling, 1: 2: 7-triaminonaphthalene 
hydrochloride (1-6 g.), which sintered at about 200°, was deposited. A solution of benzil (1 g.) 
in 80% aqueous alcohol (30 c.c.) was added to a solution of the triamine hydrochloride (1-4 g.) 
in 80% aqueous alcohol (10 c.c.) and boiled under reflux for 4} hour. The white crystalline 
product was filtered from the cooled mixture and treated with warm dilute aqueous sodium 
hydroxide, which liberated the free base (1-5 g.). After filtration, washing, and drying, it was 
crystallised from benzene-light petroleum (b. p. 60—80°), 3’-amino-2 : 3-diphenyl-5 : 6-benz- 
quinoxaline being obtained in orange needles, m. p. 215°, which turned yellow on heating. 
Crystallisation from benzéne alone gave bright yellow needles, m. p. 215° (Found: C, 82-7; 
H, 4:8; N, 11-9. C,,H,,N,; requires C, 83-0; H, 4:9; N, 12-1%). 

8-Nitro-7-methoxy-2-phenylnaphthalene.—Nitrous fumes were passed for 3 hours into an ice- 
cold solution of 8-nitro-7-methoxyaceto-2-naphthalide (2-5 g.) in a mixture of glacial acetic 
acid (600 c.c.) and acetic anhydride (100 c.c.). When the product was poured into ice-water, the 
nitroso-compound (2 g.) separated as a yellow solid, which was filtered off, washed, and dried 
{m. p. 85° (decomp.)]. The dry nitroso-compound was added to benzene (150 c.c.) and after 
36 hours the benzene was removed by distillation. The residue, purified by sublimation in a 
vacuum, gave 8-nitvo-7-methoxy-2-phenylnaphthalene (0-6 g.), which separated from alcohol in 
ry yellow needles, m. p. 128° (Found: C, 72-9; H, 4-4. C,,H,,0,N requires C, 73-1; a, 

47%). 

Nitvation of 1-Methoxy-2-phenylnaphthalene.—Nitric acid (d 1-42, 0-5 c.c.) was added gradually 
to 7-methoxy-2-phenylnaphthalene (1 g.) (Hey and Lawton, loc. cit.), which had been dissolved 
in hot glacial acetic acid (10 c.c.) and cooled in ice. After 15 minutes’ stirring, the temperature 
was raised to 8° and the clear solution was kept in the refrigerator for several hours. 8-Nitro- 
7-methoxy-2-phenylnaphthalene (0-7 g.) slowly separated; it crystallised from alcohol in yellow 
needles, m. p. 128° alone and mixed with the compound described above. 

Nitrosation of 1-Nitro-1-methoxyaceto-2-naphthalide.—Nitrous fumes were passed for 24-hours 
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into a cold solution of 1-nitro-7-methoxyaceto-2-naphthalide (2 g.) in a mixture of glacial acetic 
acid (120 c.c.) and acetic anhydride (50 c.c.), which was then poured into water. 1-Nitro-7- 


_ methoxy-N-nitrosoaceto-2-naphthalide (1-4 g.) separated as a yellow solid, which was filtered off, 


washed with water and dried, m. p. 71° (decomp.) (Found: N, 14-3. C,,;H,,0O,;N, requires 
N, 145%). The dry nitroso-compound was added to benzene (100 c.c.) and after 36 hours the 
benzene was removed by distillation. The residue on crystallisation from alcohol gave 1-nitro- 
7-methoxyaceto-2-naphthalide in orange-yellow needles, m. p. and mixed m, p. 160°. 

Nitration of 6-Methoxyaceto-2-naphthalide.—A solution of 6-methoxyaceto-2-naphthalide 
(4 g.) (Windaus, loc, cit.) in hot glacial acetic acid (20 c.c.) was cooled in ice and stirred during 
the gradual addition of nitric acid (d 1-42, 2 c.c.). After 2 hours the separated yellow solid 
(2-8 g.) was filtered off, washed, dried, and dissolved in boiling methyl alcohol (80 c.c.). On 
cooling, 5-nitvo-6-methoxyaceto-2-naphthalide (0-5 g.) separated, which crystallised from methyl 
alcohol in pale yellow needles, m. p. 208—209° (Found : C, 59-9; H, 49. C,,;H,,0,N, requires 
C, 60-0; H, 46%). On evaporation of the original methyl-alcoholic mother-liquor to 25—30 
c.c. a second crop was deposited, which on repeated crystallisation from alcohol gave 1-nitro-6- 
methoxyaceto-2-naphthalide (0-9 g.) in brownish-yellow needles, m. p. 157° (Found: N, 11-1. 
C,3H,,0,N, requires N, 10-8%). The latter was boiled under reflux for $ hour with alcoholic 
potassium hydroxide; addition of water then precipitated 1-mnitvo-6-methoxy-2-naphthylamine, 
which separated from aqueous alcohol in red needles, m. p. 149—150° (Found: N, 13-3. 
C,,H,,0,N, requires N, 12-9%). 

Proof of the Constitution of 1-Nitro-6-methoxyacsto-2-naphthalide —To a stirred mixture of 
2 : 6-dimethoxynaphthalene (10 g.) (Willstatter and Parnas, Ber., 1907, 40, 1410) and glacial 
acetic acid (200 c.c.), nitric acid (d 1-42, 16 c.c.) was slowly added. 1-Nitro-2 : 6-dimethoxy- 
naphthalene separated slowly and after 3 hours it was filtered off and washed with water (cf. 
Chakravarti and Pasupati, loc. cit.). Crystallisation from glacial acetic acid gave yellow needles 
‘(9 g.), m. p..186° (Found: C, 61-6; H, 4-4. Calc. for C,,H,,O,N: C, 61-8; H, 47%). The 
nitro-compound (0-5 g.) was heated in an autoclave with alcoholic ammonia (100 c.c.) for 1 
hour at 160° and then for 3 hours at 200°. The residue obtained on evaporation to dryness was 
sublimed at 10-* mm. Crystallisation of the sublimate from aqueous alcohol gave 1-nitro-6- 
amethoxy-2-naphthylamine (2-3 g.) in red needles, m. p. 149—150° alone and mixed with the 
base described above. 

Nitrosation of 1-N itro-6-methoxyaceto-2-naphthalide. —Nitrous fumes were passed for 2 hours 
into a cold solution of 1-nitro-6-methoxyaceto-2-naphthalide (1 g.) in a mixture of glacial acetic 
acid (40 c.c.) and acetic anhydride (20 c.c.). The nitroso-compound (0-6 g.) was precipitated 
with water, filtered off, washed, dried [m. p. 89° (decomp.)], and added to benzene (100 c.c.). 
After 36 hours evaporation of the benzene left 1-nitro-6-methoxyaceto-2-naphthalide, m. p. 
and mixed m. p. 157° after crystallisation from alcohol. __ 

5-Nitvo-6-methoxy-2-phenylnaphthalene.—Nitrous fumes were passed for 2 hours into an 

ice-cold solution of 5-nitro-6-methoxyaceto-2-naphthalide (1 g.) in a mixture of glacial acetic 
acid (40'c.c,) and acetic anhydride (30 c.c.), which was then poured into ice-water. The nitroso- 
compound (0-7 g.) was filtered off, washed, dried [m. p. 91° (decomp.)}, and added to benzene 
(100 c.c.); after 36 hours, removal of the benzene left a residue, which was purified by sublim- 
ation in a vacuum. Crystallisation of the sublimate from alcohol gave 5-nitvo-6-methoxy-2- 
phenylnaphthalene (0-2 g.) in pale yellow plates, m. p. 178° (Found: C, 72-6; H, 4-4. 
C,,H,,0,N requires C, 73-1; H, 47%). 
- Nitration of 6-Methoxy-2-phenylnaphthalene. —A solution of 6-methoxy-2-phenylnaphthalene 
(1 g.) (Hey and Lawton, Joc. cit.) in hot glacial acetic acid (10 c.c.) was cooled in ice and stirred 
during the addition of nitric acid (d 1-42, 0-5 c.c.). After 15 minutes the temperature was 
raised to 8° and the clear solution was left in the refrigerator. 5-Nitro-6-methoxy-2-phenyl- 
naphthalene (0-8 g.) slowly separated; after being washed and dried, it crystallised from 
alcohol in pale yellow plates, m. p. 178° alone and mixed with the compound described above. 
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81. The Nuclear Alkylation of Aromatic Bases. Part IV. The 
Action of n-Dodecyl Alcohol on the Hydrochlorides of a- and 
B-Naphthylamine. - 


By E. C. BuTTERWoRTH and D. H. Hey. 


The action of n-dodecyl alcohol on $-naphthylamine hydrochloride at elevated 
temperatures gave didodecylamine, didodecyl ether, dodecene, N-dodecyl-B-naphthyl- 
amine, ®-naphthol, and di-f-naphthylamine. In the corresponding reaction with 
a-naphthylamine hydrochloride only didodecylamine, didodecyl ether, dodecene, and 
a-naphthol were isolated. In neither case was any evidence of nuclear alkylation 
detected. Itis suggested that the relative ease with which the higher aliphatic alcohols 
lose water renders them unsuitable for use in the Hofmann-Martius reaction. 


Tue action of methyl alcohol at elevated temperatures on the hydrochlorides of bases of the 
benzene (Part I, J., 193k, 1581), diphenyl (Part II, J., 1934, 645), and naphthalene series 
(Part III, J., 1936, 1783) has already been investigated. The action of a long-chain 
alcohol, n-dodecyl alcohol, on the hydrochlorides of a- and 8-naphthylamine is now described. 
Alcohols other than methyl alcohol have been used in this reaction with bases of the benzene 
series, ¢.g., ethyl alcohol (Hodgkinson and Limpach, J., 1892, 61, 420) and isobutyl alcohol 
(Effront, Ber., 1884, 17,419, 2317). In reactions with a primary aromatic amine in presence 
of zinc chloride, ethyl alcohol (Benz, Ber., 1882, 15, 1646), - and sec.-butyl alcohol (Reilly 
and Hickinbottom, J., 1920, 117, 103), and amyl alcohol (Calm, Ber., 1882, 15, 1642) have 
been used (cf. Hofmann, Ber., 1874, 7, 526). In the closely related reaction in which 
nuclear alkylation is effected by the action of heat on a monoalkylaniline in presence of 
certain metallic halides Hickinbottom and his collaborators have successfully employed 
alkylanilines derived from many alcohols from ethyl to n-octyl, including also u-dodecyl 
and cetyl alcohols (J., 1927, 64; 1930, 1558, 1566; 1931, 1281; 1932, 2396; 1937, 404, 
1119). Nuclear alkylation of bases of the benzene series with long-chain alcohols has been 
described in B.P. 468,226 (Coffey, Haddock, and Imperial Chemical Industries Ltd., Brit. 
Chem. Abstracts, 1937, B, 1023). 

In the reactions between -dodecy] alcohol and the hydrochloride of both a- and - 
naphthylamine no evidence was obtained of the entry of a dodecyl group into the naphth- 
alene nucleus. With three molecular proportions of m-dodecyl alcohol and §-naphthyl- 
amine hydrochloride at 220° in an open vessel, or at 240—260° in an autoclave, the product 
consisted of a mixture from which didodecylamine, didodecyl ether, dodecene, N-dodecyl-B- 
naphthylamine, -naphthol, and di-8-naphthylamine were isolated; in the former experi- 
ment more N-dodecyl-f-naphthylamine was formed than didodecylamine, but in the 
latter the reverse was the case. In the corresponding reaction with a-naphthylamine 
hydrochloride carried out in the autoclave at 240—260°, the product contained a high 
proportion of tarry matter: didodecylamine, didodecyl ether, dodecene and a-naphthol were 
isolated, but neither N-dodecyl-a-naphthylamine nor di-a-naphthylamine was detected 
(cf. Part III, loc. cit.). 

The formation in these reactions of dodecene and didodecyl ether by elimination of one 
molecular proportion of water from one and two molecular proportions of -dodecyl alcohol 
respectively takes place when the alcohol alone is heated at 250° in presence of hydrogen 
chloride, but it is possible that the dodecene may also be produced in part by the action of 
heat on N-dodecylnaphthylamine hydrochloride, since Heap (J., 1933, 495) has shown that 
the action of heat on N-tsopropyl-8-naphthylamine hydrochloride gives propylene. The 
failure to detect nuclear alkylation in these reactions in the naphthalene series may be due 
in part to the relative ease with which water is lost by the long-chain alcohol. It is thus 
_ probable that the Hofmann-Martius reaction, in which nuclear alkylation is effected by 
heating the salt of an aromatic amine with an aliphatic alcohol, is less suitable for long- 
chain alcohols than the alternative reaction effected by the action of heat on an alkylaryl- 
amine in presence of a metallic salt (Hickinbottom and co-workers, locc. cit.). Even in the 
case of the relatively simple isopropyl group, however, Heap (loc. cit.) was unable to detect 
any migration due to the action of heat on N-isopropyl-8-naphthylamine hydrochloride. 
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EXPERIMENTAL. 


In the following experiments, except where otherwise stated, an electrically heated Monel 
metal autoclave of 250 c.c. capacity was used, the reaction mixture being contained in an open 
close-fitting Pyrex vessel within the autoclave (cf. Parts I and II, loce, cit.). 

Action of n-Dodecyl Alcohol on a-Naphthylamine Hydrochloride.—The hydrochloride (1 mol. ; 
32-2 g.) and u-dodecyl alcohol (m. p. 22°; 3 mols., 100 g.) were heated in the autoclave for 20 
hours at 240—260°. The product was extracted with hot benzene (600 c.c.), which, on cooling, 
deposited a yellow solid (6 g.). This was removed, and the filtrate extracted with 10% aqueous 
sodium hydroxide (500 c.c.), then washed with water, and finally extracted with 15% hydro- 
chloric acid (500 c.c.) (residual benzene solution = A,). The yellow solid deposited from the 
benzene extract yielded on treatment with aqueous sodium hydroxide a base, which after several 
crystallisations from 95% alcohol gave didodecylamine, m. p. 55—56° (Found : C, 82-2; H, 14-1, 
Calc. for C,.H;,N: C, 81-6; H, 144%). Treatment with hydrochloric acid gave the hydro- 
chloride, m. p. 204—205°. Wojcik and Adams (J. Amer. Chem. Soc., 1934, 56, 2419) record 
m. p. 55—56° and m. p. 207—208° respectively (cf. Wibaut, Heierman, and Wagtendonk, 
Rec. Trav. chim., 1938, 57, 456; D.R.-P. 648,088, Chem. Zenir., 1936, I, 3216). Acidification of the 
alkaline extract precipitated «-naphthol (4g.), which separated from light petroleum (b. p. 40—60°) 
in needles, m. p. and mixed m. p. 93—94°. The acid extract was made alkaline with aqueous 
sodium hydroxide, but no basic material was precipitated and extraction with ether yielded 
only a minute residue. The residual benzene solution (A,) was washed with water and distilled, 
giving (a) b. p. 220—250° (5 g.), (b) b. p. 250—290° (7 g.), and (c) b. p. 290—360° (2g.). Fraction 
(a) was devoid of nitrogen, was unsaturated and did not solidify at 0°. It was regarded therefore 
as consisting largely of A*-dodecene, for which Krafft (Ber., 1883, 16, 3020) recorded b. p. 
96°/15 mm. Fraction (b) solidified in the refrigerator and consisted of unchanged -dodecyl 
alcohol (m. p. and mixed m. p. 20—22°). Fraction (c) partly solidified and on filtration gave 
didodecy] ether, which separated from aqueous alcohol in white plates, m. p. 32-5—33° (Found : 
C, 81-6; H, 14-0. Calc. for C,,H,,O: C, 81-4; H, 14:1%). Mannich and Nadelmann (Ber., 
1930, 63, 796) recorded m. p. 32-5°. The oily filtrate from (c) together with the residue from the 
distillation was distilled at 13 mm., giving (d) b. p. 240—300° (10-5 g.), and (e) b. p. 300—350° 
(4 g.). A considerable non-volatile tarry residue remained, Fraction (d) solidified on cooling 
and crystallisation from dilute alcohol gave didodecyl ether, m. p. 31—32°. Fraction (e) 
consisted of a dark neutral oil which remained unidentified. 

Action of n-Dodecyl Alcohol on 8-Naphthylamine Hydrochloride.—(i) The procedure was the 
same as that described in the case of a-naphthylamine hydrochloride. During the extraction 
with 15% hydrochloric acid a yellow hydrochloride separated (3 g.); this was removed, the 
filtrate again extracted with hydrochloric acid, and the acid extracts combined (residual benzene 
solution = A,). The yellow solid (7-5 g.) deposited from the original benzene extract was boiled 
with aqueous sodium hydroxide; the liberated didodecylamine, after several crystallisations 
from 95% alcohol, had m. p. 55—66° both alone and in admixture with the specimen obtained 
in the reaction with a-naphthylamine hydrochloride. The alkaline extract was acidified; 
extraction with ether then removed $-naphthol (0-5 g.), m. p. and mixed m, p. 119—120° 
(picrate, orange needles from aqueous alcohol, m. p. and mixed m. p. 155—156°). The hydro- 
chloride which separated during the acid extraction of the benzene solution was boiled under 
reflux with aqueous sodium hydroxide. N-Dodecyl-B-naphthylamine, which separated on 
cooling, crystallised from 95% alcohol in plates, m. p. 41-5—43-5° (Found: C, 84-4; H, 10-5, 
C,,H,,N requires C, 84-8; H, 10-6%). It could not be diazotised. The acid extract was made 
alkaline with aqueous sodium hydroxide; ether then extracted B-naphthylamine (0-2 g.), m. p. 
(after crystallisation from aqueous alcohol) and mixed m. p: 109—110°. The residual benzene 
solution (A,) was washed with water, dried, and distilled, giving (a) b. p. 220—250° (8 g.), (b) 
b. p. 250—280° (7 g.), and (c) b. p. 280—360° (3 g.). Fraction (a) contained no nitrogen, was 
unsaturated, and would not solidify at 0°; it was regarded as A*-dodecene. Fraction (b), which 
solidified, consisted of n-dodecyl alcohol, m. p. (after crystallisation from aqueous alcohol) and’ 
mixed m. p. 22°. Fraction (c), on cooling, deposited didodecyl ether, m. p. (after crystallisation 
from aqueous alcohol) and mixed.m. p. 32:6—33°. The filtrate from fraction (c) together with 
the residue from the distillation was distilled at 13 mm., giving (d) b. p. 200—300° (10 g.) and 
(e) b. p. (4 g.). Fraction (d), on cooling, deposited more didodecyl ether together 
with some di-8-maphthylamine, m. p. (after crystallisation from benzene) and mixed m. p. 
169° (picrate, m. p, 164°). Fraction (e) was not identified. 

(ii) 8-Naphthylamine hydrochloride (1 mol.; 13 g.) and n-dodecyl alcohol (3 mols.; 40 g.) 
were heated (air-condenser) in an oil-bath at 220° for 8 hours. The product was extracted with 
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ether, during which didodecylamine (1-0 g.), m. p. 55—56°, separated, and the ethereal extract 
was washed successively with 10% aqueous sodium hydroxide and 15% hydrochloric acid 
(residual ethereal solution = A,;). During the acid washing a yellow hydrochloride (7-0 g.) 
again separated, from which N-dodecyl-$-naphthylamine, m. p. 41—43°, was obtained. 
Acidification of the alkaline extract liberated a small quantity of B-naphthol, but the acid 
extract contained only a negligible quantity of basic material. The residual ethereal solution 
(A,) was dried and evaporated, and the residue distilled at 13 mm., giving (a) b. p. 145—165° 
(10 g.), (b) 245—270° (5-0 g.), and (c) 270—320° (4 g.). Fraction (a) consisted of a mixture of 
A*-dodecene and -dodecy]l alcohol, (b) largely of didodecyl ether, and (c) of didodecyl ether and 
di-8-naphthylamine, all these products being isolated and identified as previously described. 
The tarry residue left after the distillation was not examined. 

Didodecyl Ether.—n-Dodecy] alcohol (100 g.) containing dry hydrogen chloride (4 g.) was 
heated in the autoclave at 250° for 16 hours. The product was extracted with benzene, dried, 
and distilled, giving a mixture of A*-dodecene and n-dodecyl alcohol (35 g.), b. p. 210—240°, 
n-dodecyl alcohol (30 g.), b. p. 250—260°, and a third fraction (12 g.), b. p. 260—340°, con- 
sisting largely of didodecyl ether. The residue on distillation at 11 mm. gave a fraction (8 g.), 
b. p. 200—280°, which yielded a further quantity of didodecyl ether. The total yield of the 
ether, obtained in white plates, m. p. 32°, from aqueous alcohol, was 16 g. 


Thanks are due to Imperial Chemical Industries Ltd. (Dyestuffs Group) for the gift of 
n-dodecyl alcohol. 


THE UNIVERSITY, MANCHESTER. [Received, January 8th, 1940.) 





82. The Constitution of Banana Starch. 


By E. G. E. Hawkins, J. K. N. Jones, and G. T. Younc. 


The physical and chemical properties of banana starch resemble closely those of 
other starches previously examined. The proportion of end-group isolated from 
the hydrolysis products of the methyl derivative corresponds to a repeating unit of 
about 24 glucose residues. Hydrolysis of the bonds between the repeating units to give 
products of lower molecular weight but unchanged chain length (‘‘ disaggregation ’’) 
proceeds smoothly as in the case of methylated rice starch and gives further evidence 
of the structural similarity of the starches. 


Banana starch, which is one of the main constituents of unripe bananas, appears to be 
similar in its molecular structure to the other starches previously examined. In general 
appearance, size of granules, and paste-forming properties it resembles potato starch. 
Hydrolysis in acid solution proceeds normally, giving finally a solution which, by rotational 
evidence and from measurement of the reducing power, contains only glucose. From 
this solution crystalline glucose was isolated in 88% yield. Although the preparation of 
the fully substituted acetyl and methyl derivatives proceeds with greater difficulty, their 
properties agree closely with those of the corresponding derivatives of potato starch. 
The methylated banana starch, whether prepared by direct methylation of the starch or 
via the acetate, had a molecular weight [estimated from viscosity data (Hirst and Young, 
J., 1939, 1475)] of about 200,000. On hydrolysis, each of these methyl derivatives gave 
2:3:4:6-tetramethyl glucose, 2:3: 6-trimethyl glucose, and dimethyl glucoses only. 
The amount of tetramethyl glucose isolated corresponds to the presence of a repeating 
unit of about 24 glucose residues. 

The similarity of the molecular structure of banana starch to that envisaged for rice 
starch (Hirst and Young, J., 1939, 1471) is shown by the close resemblance of the course 
of the disaggregation reactions for the methyl derivatives of the two starches. Treat- 
ment with oxalic acid in a mixture of methyl alcohol and water effects hydrolysis of the 
bonds between successive repeating units in methylated rice starch, causing a gradual 
decrease in the molecular weight of a sample until finally a product is obtained, the mole- 
cule of which is built up of three repeating units linked together by bonds of the glycosidic 
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type. Throughout this process the proportion of end-group remains unchanged, the 
solution is non-reducing, and the rotation is undiminished. In all these respects the 
process is sharply distinguished from normal acid hydrolysis, which results first in the 
formation of reducing dextrins and finally yields glucose. Fuller consideration of this 
reaction, termed “‘ disaggregation,” has been presented in a previous publication (Hirst 
and Young, Joc. cit.), and here we wish to add only that methylated banana starch behaves 
in a precisely similar manner. The essential identity of the molecular structure of these 
two starches is thus strikingly confirmed. A consideration of the kinetics of the dis- 
aggregation process shows that the type of bond between the repeating units is of the 
normal glycosidic type. Thus, under identical conditions, the 1 : 6-fructofuranoside 
linkages in methyl inulin are hydrolysed about seven times more rapidly than the bonds 

























oe 
—_— 
: £ 
8 +46 
< 
< ; > 
8 S. 
> % 
$ 8, 
MS 1" 3 
» 
< ™ 
$100, < 
= 5 
Ay 
Ss & 
3 3: 
ty s 
 $ 7140°S. 
= = 
0 4 as 
0 150 200 


00 
Time (hours). 


Action of 1% oxalic acid in aqueous methyl alcohol on methylated banana starch at 60° and at 75°O OO 
and on methylated inulin at 60° and 75° x x X 


between the repeating units in methylated starches (see figure). Fuller details of these 
investigations will be given in another communication. 


EXPERIMENTAL. 


Preparation of Banana Starch.—Peeled, unripe bananas were minced and shaken with alcohol. 
The fibrous material was collected on coarse muslin. Starch settled out from the filtrate and 
was collected in a fine cloth filter. More starch was obtained by treatment of the fibrous 
residue again with alcoliol and with 1% aqueous sodium sulphite. The crude starch so obtained - 
was separated from fibre by flotation in alcohol, but it still retained a slight discoloration. 
The granules were large and similar in shape to those of potato starch. In hot water the 
starch formed a clear paste, which gave a deep blue coloration with iodine. It was non-reducing 
to Fehling’s solution. [a]?” + 152° (c, 0-34) in n-sodium hydroxide. Hydrolysis with taka- 
diastase yielded 5% of fibrous residue and the reducing value of the residual solution corresponded 
to 98% of the theoretical amount of glucose. No furfural was obtained by distillation with 
12% hydrochloric acid. With the same reagent, under the conditions used for the estimation 
of uronic acid groups, 0-53% of carbon dioxide was evolved. This amount has been shown 
(Campbell, Hirst, and Young, Nature, 1938, 142, 912) to arise from decomposition of the con- 
stituent hexose, and uronic acids are therefore absent. After hydrolysis of the starch with 
2% sulphuric acid, the reducing power of the product was 97% of the value required if quantit- 
ative hydrolysis to glucose had taken place. From this solution, crystalline glucose was isolated 
in 88% yield. (Found for banana starch: P,O,, 0-06; N, 0-15; moisture in air-dried sample, 
20-6% ; acid number, 0-6 c.c. of n/10-alkali required to neutralise 1 g. of starch). 

Acetylation of Banana Starch.—(a) With chlorine and sulphur dioxide catalysts. The starch 
was first activated by precipitation of a paste by alcohol in the usual manner and the acetylation 
was carried out as previously described for other starches (cf. Hirst and Young, J., 1939, 1476). 
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The starch appeared more resistant to acetylation than usual, however, and a good yield of 
the triacetate was obtained only by prolonged treatment with each catalyst, followed by 
stirring at 50° for 3 hours. The product (acetate A; yield 87%) was purified by fractional 
precipitation of a chloroform solution with light petroleum. The main fraction had [a]? 
+ 167° in chloroform (c, 0-78) (Found: CH,°CO, 44-5%). 

(b) With acetic anhydride and pyridine. Here again more drastic conditions than usual 
were necessary. ‘‘ Prepared ”’ starch (10 g.) was dissolved in pyridine (120 c.c.), and acetic 
anhydride (120 c.c.) added with stirring. The clear solution was stirred at 60° for 40 hours 
and then diluted with glacial acetic acid and poured into water. The precipitate was washed 
with water and dried in a vacuum at 80° (yield, 80%). The acetate (B) was partially soluble 
in acetone and chloroform, but dissolved almost completely in dioxan. Fractional precipit- 
ation from dioxan solution by water gave a main fraction (96% of the whole), having CH,*CO 
39-0%. Even under these drastic conditions, therefore, acetylation is still incomplete. 

Methylation of Banana Starch.—(a) Divect methylation of “‘ prepared”’ banana starch. The 
starch was prepared by precipitation in the usual manner, and was methylated at 55° with 
30% sodium hydroxide solution and methyl sulphate in an atmosphere of nitrogen (for details 
of conditions, see Hirst and Young, J., 1939, 953). After 18 treatments, the methoxyl content 
had risen to 43:1%. The product was fractionally precipitated from a chloroform solution 
by light petroleum. The main fraction (methyl banana starch C) had the following properties : 
[oc]?°” + 204° in chloroform (c, 0-67); 720° 0-64 in m-cresol (c, 0-4), corresponding to an apparent 
molecular weight of 225,000 * (Found: OMe, 41-0%). Small fractions on either side of this 
main fraction had similar properties. 

(b) Simultaneous deacetylation and methylation of acetate (A). The methylation was carried 
out at 55° in an atmosphere of nitrogen, as previously described (Hirst and Young, J., 1939, 
953). After 13 treatments the methoxyl content of a sample was 43-0%. Fractionation of 
the product (methyl banana starch D) gave a main fraction having [a]}” + 205° in chloroform 
(c, 0-68) ; 726° 0-59 in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 205,000 
(Found : OMe, 42-4%). 

(c) Simultaneous deacetylation and methylation of acetate (B). In this case the acetate was 
dissolved in dioxan for the first methylation, owing to its insolubility in acetone. Otherwise 
the procedure was similar to that described above. After 14 treatments the methoxyl con- 
tent of a sample was 43-6%. The product (methyl banana starch E) was fractionally pre- 
cipitated from a solution in chloroform by light petroleum. A typical fraction had the following 
properties : [«]}” + 208° in chloroform (c, 0-65); 728° 0-61 in m-cresol (c, 0-4), corresponding to 
an apparent molecular weight of 210,000 (Found : OMe, 42-9%). 

The Repeating Unit in Methylated Banana Starch.—Hydrolysis of methylated banana starch 
(C), prepared by divect methylation of banana starch. Simultaneous hydrolysis and glucoside 
formation was effected by 2% methyl-alcoholic hydrogen chloride in the usual manner. The 
glucosides, isolated in 93% yield, were fractionally distilled at 0-001 mm., and the following 
fractions were obtained (for details of the method used, see Hirst and Young, J., 1938, 1247). 


TaBLeE I. 
Constants used Tetra,” Tetra,” “ Tri,” “ Di,” “ Ae 
Fraction. Wt., g. ni®*, —_ in estimation.* %. g- g- %. g- 
1 0-58 1-4462 ) 1-4433 78 0-45 0-13 _ _ 
b) 1-4565 
0-28 1-4538 a) 1°4435 26 0-07 0-21 — — A 
‘ (b) 1-4575 
3 0-86 1-4572 — — -- 0-86 — _ 
4 0-27 1-4576 . —_ — 0-27 — _ 
5 6-58 1-4584 —_ —_ _ 6-58 —_ _ 
6 2-49 1-4634 —_ _ — 1-74 30 0-75 
7 0-86 1-4735 “= ~- -— — 100 0-86 
Residue 0-91 —_— —_— —_— _— _ _ _ 
12-83 0-62 9-79 1-61 


* (a) and (b) are the m}® values of the “ tetra’ and “ tri”’ portions respectively present in these 
fractions, as estimated from rotational data (see Hirst and Young, J., 1988, 1247). 

The relative proportions of the fission products, represented as a percentage of the total 
recovery of glucosides, were therefore: 2:3: 4: 6-tetramethyl methylglucoside (end-group), 


* For the method of calculation of the molecular weight from viscosity measurements, see Hirst 
and Young, J., 1939, 1475. 
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40%; 2:3: 6-trimethyl methylglucoside, 76%; dimethyl methylglucosides, 12-5%. This 
proportion of end-group corresponds to a repeating unit of chain length approximately 25 
glucose residues. 

Hydrolysis of methylated banana starch (D), prepared from acetate (A). ‘The methyl deriv- 
ative was hydrolysed with 2% methyl-alcoholic hydrogen chloride and the glucosides were 
isolated in 95% yield. After fractional distillation at 0-001 mm., the following fractions were 
obtained. ; 


Taste II. 
Constants used oe Tetra,” oe Tetra,” oe ya Og oe _,. ae Di,” 
Fraction. Wt., g. nis’. —_ in estimation.* %. g- g- %. g- 
1 0-50 1-4448 a) 1-4432 88 0-44 0-06 _ —_ 
b) 1-4570 
2 0-52 1-4554 (a) 1-4433 13 0-07 0-45 — — 
(b) 1-4572 
3 4:13 1-4573 —— _— an 4-13 — _— 
4 3-70 1-4577 _— — — 3-70 _— _ 
5 1-44 1-4596 — — —/ 1-38 4 0-06 
6 0-65 1-4680 — — _— 0-25 62 0-40 
Residue 0-34 _— ~- — — — “= — 
11-28 0-5 9-97 0-46 


= oo 


* See note under Table I. 


The relative proportions of the fission products, expressed as a percentage of the total recovery 
of glucosides, were therefore: 2:3: 4: 6-tetramethyl methylglucoside, 45%; 2:3: 6-tri- 
methyl methylglucoside, 88%; dimethyl methylglucosides, 4%. This amount of end-group 
corresponds to a repeating unit of 22 glucose residues. 

Hydrolysis of methylated banana starch (E), prepared from acetate (B). ‘The methyl derivative 
(16-5 g.) was hydrolysed with 2% methyl-alcoholic hydrogen chloride. The glucosides (16-5 g.) 
were fractionally distilled and the following fractions containing tetramethyl methylglucoside 
were obtained. 


TABLE III. 
Fraction. Wt., g. nie, Constants used in estimation.* ‘‘Tetra,”’ %._ “‘ Tetra,” g. 
1 0-68 1-4452 (s} 1-4435, (b) 1-4560 86 0-59 
2 0-43 1-4556 (a) 1-4445, (b) 1-4565 7 0-03 


0-62 
* See note under Table I. 


This proportion of end-group corresponds to a repeating unit of 26 glucose residues. 

In each assay, the identity of the hydrolysis products was proved by the isolation of crystalline 
2:3: 4: 6-tetramethyl glucose and 2 : 3 : 6-trimethyl glucose from the corresponding fractions. 
The absence of appreciable amounts of other isomers in the syrup from which the latter crystal- 
lised was shown as follows: (a) The p-toluenesulphonyl derivative was heated with sodium 
iodide, and the iodine content of the product was estimated by the method of Oldham and 
Rutherford (J. Amer. Chem. Soc., 1932, 54, 366). Any free hydroxyl on C, in the original 
sugar would under these conditions be replaced by iodine. By this method it was found that 
less than 1% of the original trimethyl glucose can have had a free hydroxyl group on C,. (b) 
Oxidation of the trimethyl glucose gave a lactone, the amide of which gave a negative Weer- 
mann reaction and hence all hydroxyl groups on C, must have been substituted. 

Disaggregation of Methylated Banana Starch.—The reaction was carried out as described 
for rice starch (Hirst and Young, J., 1939, 1471). A 2-5% solution of the material (molecular 
weight by viscosity method 290,000) was heated under reflux with a 1% solution of oxalic acid 
(cryst.) in methyl alcohol (75 parts)-water (25 parts). The temperature was kept constant 
(+ 1°) by means of a thermo-regulator. At intervals, samples were taken, and the methylated 
starch was recovered by neutralisation with sodium hydroxide and removal of the methyl 
alcohol in a vacuum, with addition of boiling water. The precipitate was dissolved in chloro- 
form, and the solution dried with anhydrous magnesium sulphate and concentrated. Addition 
of light petroleum yielded the methyl derivative as a white, ash-free solid. The viscosity of 
the dried sample in m-cresol solution was determined in the usual manner and the mean mole- 
cular weight of the sample was derived as previously discussed. The variation of the molecular 
weight with time of treatment is shown in the figure, for the temperatures 75° and 60°. 
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The non-reducing character of the solution during disaggregation, the high rotation (+ 200°) 
of the product, and its viscosity show that the course of the reaction is precisely similar to that 
of methylated rice starch. 

Hydrolysis of Methylated Inulin.—For comparison, the rate of hydrolysis of methylated 
inulin (2-5 g.) in the same reagent [oxalic acid (cryst., 1 g.), methyl alcohol (75 c.c.), and water 
(25 c.c.)] was measured by the change in rotation of the solution. These results also are shown 
graphically in the figure. 


The authors wish to express their thanks to the Department of Scientific and Industrial 
Research for a maintenance grant awarded to one of them (E. G. E. H.), and to Professor E. L. 
Hirst, F.R.S., for his unfailing interest and encouragement. 


THE UNIVERSITY, BRISTOL. [Received, December 13th, 1939.] 





83. The Photoexpansion of Chlorine; the Recombination of 
Chlorine Atoms. 


By Mowsray RITcuHIE and Rosert L. SMITH. 


Measurements have been made of the photoexpansion of chlorine under various 
conditions. Possible processes of recombination of chlorine atoms have been dis- 
cussed in relation to diffusion and thermal conductivity factors; results are in agree- 
ment with the mechanism 


Water vapour in small amounts reduces the photoexpansion very slightly when 
surface actions are involved. 


IN a previous paper (W. Smith, Ritchie, and Ludlam, J., 1937, 1680) the recombination of 
bromine atoms was discussed in relation to the photoexpansion of bromine vapour under 


certain conditions. For mixtures of the vapour with other gases, a general treatment was 
developed, which involved diffusion of bromine atoms to the vessel walls as well as thermal 
conductivities of the various gas mixtures: relative efficiencies of the added gases in the 
triple collision process Br + Br + M—>» Br, + M were then obtained, the agreement 
between such values and those calculated by other means being regarded as good support 
for the analysis. 

Investigation of reactions involving chlorine and chlorine atoms has indicated that the 
recombination of these atoms does not in general take place by an analogous process. 
Rollefson and Eyring (J. Amer. Chem. Soc., 1932, 54, 170) put forward on quantum grounds 
the mechanism Cl + Cl, —> Cl,, Cl, + Cl, —> 3Cl,, later adopted by other workers. 
Craggs, Squire, and Allmand (J., 1937, 1887)-also suggested the possibility of the triple 
collision Cl + Cl, + M—-» Cl, + M for the first stage, but no definite experimental 
evidence seems to be available regarding this mechanism. The question is, however, of 
importance in view of the fact that overall rates of reactions involving chlorine atoms under 
similar conditions would then be dependent on the pressures of added gas or of otherwise 
inert products of reaction. Ritchie and Norrish (Proc. Roy. Soc., 1933, A, 140, 116) gave 
data to show that in oxygen-free mixtures of hydrogen and chlorine the rate of photo- 
combination was retarded by hydrogen chloride itself, and this apparent effect has been 
the object of considerable investigation and discussion (inter alios, Craggs, Squire, and 
Allmand, Joc. cit.; Potts and Rollefson, J. Amer. Chem. Soc., 1935, 57, 1027); recent 
experiment has favoured the view that any possible effect of hydrogen chloride is connected 
with surface action only. Since the analysis of the Budde effect in bromine involved con- 
sideration of surface effects as well as the kinetics of the atomic recombination in the gas 
phase, a similar examination of the Budde effect in chlorine is here described. 


EXPERIMENTAL. 


The apparatus used was similar to that already described (W. Smith, Ritchie, and Ludlam, 
loc. cit.). The glass insolation vessel was of approximately 1500 c.c., the source of light being 
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a 200-watt Osira mercury-vapour lamp, run at 220 volts (variation in voltage less than 1% 
assured by the use of a Solus stabiliser). The light thus produced passed through a 5% solution 
of copper sulphate before entering the reaction vessel; the Budde effect observed with the neces- 
sary low pressure of chlorine (50 mm.) in conjunction with the most sensitive Bourdon gauge 
available was too small to permit of monochromatic light being used. A photronic cell- 
galvanometer arrangement was employed to determine changes in absorbed light. After passing 
through alkaline permanganate, concentrated sulphuric acid, and over phosphoric oxide, cylinder 
chlorine was fractionated several times by means of liquid air, being kept normally in the solid 
state. Cylinder nitrogen, oxygen, and argon were passed through phosphoric oxide and 
liquid-air traps before use. Carbon dioxide was prepared from calcium carbonate and hydro- 
chloric acid, and purified by successive treatments with sodium carbonate, concentrated sulphuric 
acid, phosphoric oxide, and carbon dioxide-ether. Similar results were obtained with cylinder 
carbon dioxide subjected to similar treatment. Hydrogen chloride was prepared from the 
concentrated acid and concentrated sulphuric acid and purified by fractionation by means of 
liquid air; identical results were given by the use of hydrogen chloride prepared by illumination 
of hydrogen (prepared by electrolysis) and chlorine in the reaction vessel itself, this second 
method being used in an attempt to minimise the effect of possible impurities. 

All experiments were carried out at 25°, the temperature being kept constant by a water 
thermostat. 

Proceduve.—The system was evacuated by a Hyvac oil pump, and the transmitted light 
intensity, I,, at zero pressure of chlorine measured by the photronic cell system. The levels 
of the mercury manometer and the initial position of the gauge pointer were observed. 
After the reaction vessel had been washed out with chlorine, this gas was introduced to a 
pressure of 50 mm., and illuminated under the standard conditions; the deflections of the gauge 
pointer and the galvanometer mirror spot weré recorded. Similar measurements were made for 
mixtures of chlorine (50 mm.) and various pressures of the added gases, viz., nitrogen, argon, 
hydrogen chloride, carbon dioxide, and oxygen. Sufficient time was allowed for complete 
mixing. 

RESULTS AND DISCUSSION. 


A series of observations not recorded in the corresponding experiments on the Budde 
effect in bromine vapour is first discussed. In certain mixtures, the initial illumination 
caused a rise in pressure, the gauge pointer rising to a maximum, which, however, was not 
maintained, a slightly smaller steady value being finally reached. Similarly, when the 
light was cut off, the pressure shown by the pointer reached a value slightly less than the 
original “‘ dark ’’ pressure, this ‘‘ dark” pressure being, however, again attained after a 
short period of time. For a given gas mixture, the differences between the “ steady ” 
pressures and the corresponding maximum and minimum were sensibly the same; the 
times concerned in the development of the maximum effects varied with the gas mixture, 
but were of the same order, ¢.g., 30 secs. for [Cl,] = 50 mm. and [N,] = 300 mm. The 
smallness of the effect rendered accurate observation difficult, but maximum differences 
(dp) were determined for various gas mixtures; results for nitrogen were as follows, dp 
being given in telescope scale divisions. 

[Cl,] = 50-0 mm. 
[Ng], DEER. cevccicccccccee =O 100 200 300 400 500 600 
ED occ coovercccevecescesce 0-0 0-2 0-4 0-7 0-5 0-2 0-0 

The effect is at its greatest at an intermediate pressure of nitrogen, but is negligible 
at low and at high pressures. Similar results were recorded for argon and oxygen, but 
were not observed for hydrogen chloride and carbon dioxide. 

It is unlikely that the cause of these effects is connected with a rise or fall in temperature 
of the main body of the gas. It seems more probable that some species is produced as a 
result of illumination which in the steady state of illumination is adsorbed to some extent 
on the walls of the vessel; the pressure increase of the “‘ steady ” state is then less than the 
value which would be recorded if no such adsorption occurred. 

Correspondingly, when the light is cut off, the pressure falls to a value less than the 
original pressure, which it only reaches when the adsorbed product escapes into the gas 
phase. The effect is negligible at zero pressure of added gas; adsorption of chlorine atoms 
is thus not regarded as responsible, since the number of atoms then reaching the wall 
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will be at its maximum. The species must then become increasingly important as “‘ inert ”’ 
gas is added to prevent chlorine atoms reaching the wall by diffusion. At the highest 
pressures of inert gas employed, the species itself may be regarded as prevented from reaching 
the wall by the inert gas; it does not accumulate but is removed in the gas phase. Such 
observations indicate that the processes occurring in illuminated chlorine are essentially 
different from those in illuminated bromine. It is obvious that the Cl, molecule visualised 
in the alternative mechanism might play the part of the adsorbed species assumed to 
explain this abnormality of the Budde effect; a detailed analysis of each possible process 
was therefore undertaken. 

In view of the above “ adsorption effect,’’ the true Budde effect is not the difference 
between the original dark pressure and the pressure in the steady state of illumination, but 
rather the change in pressure which would have been observed if. no adsorption had occurred. 
The maximum pressure difference observed was therefore taken as the Budde effect. This 
value will be somewhat less than the true increase, as adsorption or desorption must be 
taking place even in the short time taken for this difference to reach this maximum value. 
The error thus introduced is regarded as small, since the adsorption effect is, at its maxi- 
mum, about 10% of the total pressure change. Budde effects (Ap) are given in the following 
tables as divisions of the telescope scale, with an approximate error of +01 div. (1 div. = 
0-0486 mm.). 

In the examination of each mechanism, chlorine atoms are taken to be formed as the 
direct result of absorption of light of the wave-lengths transmitted by the system. 

_ Mechanism (1): Cl+Cl+ M—-> Cl, + M.—Application of the theory already 
worked out for bromine (J., 1937, 1681) yields the equation 


RKAp = Tats, — Y. price) pos) Je semen 


S{V5* + Blume, ((Cylho, + [MIFu) — S} 
bac Sis A(Claleo, + (MF) 


Here Ap is the observed Budde effect, on absorption of light J,,,,, K being the thermal 
conductivity of the gas mixture, R is a constant, kg, and ky triple collision coefficients, 
and S the factor measuring the diffusion of atoms to the wall. This formula may be tested 
at once by reference to the variation of J,».. For a given gas mixture all other factors 
remain constant; if the above mechanism is the correct one, the observed Ap will not be 
directly proportional to Iabe.. 

The sensitivity of the photronic cell varied with the wave-length and therefore filter 
solutions or glass plates could not be conveniently employed to altet the intensity. The 
rotating-sector method was accordingly adopted to give a reduced intensity of approxi- 
mately half the initial value ; a greater reduction gave values of Ap too small for sufficiently 
accurate measurement. Results are in Table I. 








TABLE I. 
[Cl,] = 50-0 mm. 
Ratio of intensities = 0-535. 


Pressure Pressure 
of added A Ap of added AP Ap 
gas (mm.). (full). (reduced). Ratio. gas(mm.). (full). (reduced). Ratio. 
[A] = 0 1-0 0-5 0-50 (HCl) = 0 0-8 0-4 0-50 
100 2-0 1-0 0-50 100 1-7 0-9 0-53 
200 . 26 1-35 0-53 200 2-3 13 0-56 
300 3-3 1-7 0-515 6 300 3-3 1-8 0-545 
500 4:3 2-2 0-51 400 4-0 2-1 0-525 
500 4:5 2-4 0-53 


Within the limits of experimental error (+ 0-1 div.), Ap is proportional to Japs. over 
the entire range. Further examination of (1) in relation to Ap for given conditions (see 
Table II) shows that even for nitrogen and argon, where a constant relative triple collision 
efficiency is indicated (cf. Ritchie, J., 1937, 863) and where gas addition offers the minimum 
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disturbance from the point of view of altered wall film, such a formula cannot be made to 
cover the experimental results. If, for example, constants are chosen to fit one portion 
of the nitrogen curve of Ap plotted against [N,], the remainder of the curve shows ever- 
increasing divergence, and examination of the corresponding argon series, theoretically 
calculable from the nitrogen curve, leads to similar conclusions. It is therefore deduced 
that under the given conditions recombination of chlorine atoms does not take place by 
a process analogous to the recombination processes of bromine and iodine atoms. 


Mechanism 2. 


oh Cas giey ey ce bey k, (iv) Cl—> Cl, at surface ... S 
(ii) Cl + Cl,—> Clg ........004 ke (v) Cl, —> $Cl, at surface ... S’ 
(lil) Chg Oly p> BO sais scans he 


The rise in pressure on illumination will be due to the heat liberated in reactions (ii) 
and (iii). Adsorption of chlorine atoms and Cl, molecules on the wall will reduce the heat 
effect, and hence diffusion of both species to the walls should be considered. It does not 
follow that such adsorption will occur at every collision with the wall; and Craggs, Squire, 
and Allmand (J., 1937 1886) have indicated that different surfaces may have different 
efficiences of adsorption of Cl and Cl,;. The Cl, molecule by virtue of its size and weight 
will diffuse much more slowly; the difficulties of calculation of effective diffusion for 
both Cl and Cl, are such that the assumption has here been made that the adsorption of Cl, 
is inappreciable. This, of course, will not be exactly correct, as indicated by the “ adsorp- 
tion effect’ above mentioned, but in view of the smallness of the effect, the broad 
conclusions drawn are regarded as justifiable. 

If all Cl, molecules formed are then converted into Cl, molecules, the heat produced 
in the gas phase per second is proportional to [CI)[Cl,], and in the steady state, will be equal 
to the heat transferred to the walls per second. The rise in temperature will depend on 
the thermal conductivity of the gas mixture. In the present experiments, with a relatively 
narrow light beam fixed in position, we may apply the general conductivity formula 
Q = KAAT/x in the form Q oc KAT, where Q is the heat transferred per second to the walls, 
K is the thermal conductivity of the gas, and AT the rise in temperature in the steady 
state. For any gas mixture, the increase in pressure is proportional to the rise in temper- 
ature: hence Q oc KA, and KA cc [CI][Cl,]. Inthe photostationary state, by mechanism 
2, AlCl] /dt = Ryans. — Re[Cl][Cl,] — S[Cl] = 0 where S is the factor representing the 
rate of diffusion of chlorine atoms to the wall. Hence [Cl] = RyZsn../(S + Aa[Cl]) and 


KAp oc (Ceglann (S++ RlCh])  - » - - + + () 


This expression meets the requirement that Ag oc J,y,.; it may be further noted that if 
an appreciable number of Cl, molecules should be adsorbed at the wall, the competition 
between this process and the bimolecular recombination to form Cl, molecules would 
yield an J,»..+ term in the expression for Ap contrary to experiment. 

The testing of (2) with regard to variation of [Cl,] cannot be conveniently examined, 

because increase of chlorine pressure, say, causes the position of maximum absorption to 
move nearer to the wall where the light enters, thus altering the position of the source 
of chlorine atoms and increasing the difficulty of calculation of the diffusion factors for the 
various pressures. It can, however, be tested in relatiomto S by the addition of other 
gases. 
If ¢ is the time taken for a chlorine atom to diffuse a given distance through chlorine 
gas, t oc 1/Dg,, where Dg, the diffusion factor, is given by (1/M, + 1/My)*/[M]o*,y. Here 
M, is the weight of the diffusing atom, My, the molecular weight of the gas through which 
the atom diffuses, [M] the pressure of such gas, and o,y the sum of the radii of diffusing 
particle and gas molecule. For a mixture of two gases, we take ¢ oc (1/D, + 1/D,), and 
since S o I/t, S = m(1/D, + 1/D,)"1, where m is a constant depending on the vessel 
dimensions, etc. 


Use was made of the following constants : og, = 3-6 x 10° cm., oy, = 3-1 x 10° cm., 
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Go, = 2-9 x 10° cm., o, = 2-86 x 10° cm., ogo, = 3-0 x 10 cm., ogo, = 3°8 X 10° cm.; 
Sq, was taken as 2-0 x 10°° c.m. 

Thermal Conductivities—As concordant values of the thermal conductivity of hydrogen 
chloride were not obtainable, direct measurements of relative values for the various gases 
and gas mixtures were carried out. Use was made of the hot-wire method, where a thin 
platinum wire (7 cm. long and of 0-0076 cm. diameter) was supported, approximately in 
the position occupied by the light beam, irt the reaction vessel, and its temperature raised 
electrically by a current at constant voltage. The heat produced gave an increase in 
pressure of approximately the same magnitude as the Budde effects themselves. The 
resistance of the wire was. then determined in the usual way for the various gases and gas 
mixtures. Contrary to expectation, the resistance of the wire did not remain at a constant 
value for different pressures of added single gases but decreased regularly as the pressure 
was increased. By taking the resistances at single gas pressures of 50 mm. as standard, 
however, it was found that the same correction for all gases at the same pressures restored 
the compensating resistances (proportional to the resistance of the wire) to the standard 
values at 50 mm., thus: 


Gas. Rgo (ohms). R55. (ohms). Correction. Gas. Rg (ohms). R359 (ohms). Correction. 
N, 2246 2147 99 O, 2232 2133 99 
€O, 2506 2410 96 HCl 2435 2337 98 


Convection was considered to be the cause of the divergences from the expected constant 
values. Since the correction was applicable to single gases, it was considered applicable 
to mixtures of chlorine with these gases; when this was done, the values of thermal 
conductivity of the mixtures were almost exactly those calculated from the single gas 
conductivity values by the formula assuming conductivities to be linear functions of 


the composition : 
(Ky — Ko,)[M] 
K= K 
[arin | + Ka 
Such values of K are given in Table II: values for single gases are 
Kq, = 0-72, Ky, = 2-28, Ko, = 2°33, Ky = 1-58, Kyo, = 1-61, Koo, = 1:37. 


It was found that J,,,, remained constant and independent of the added gas; equation 
(2) may then be put in the form 


RKAp = [Clq]/(S + [Cly]) = 1/(mD/(Cl,] + 1) 
where R is a constant and D = (1/Dq, + 1/Dy)*. 

If we now apply this expression to any two results in the nitrogen series, say [N.] = 0 
and [N,] = 300 mm., with appropriate values of D (see Table II), we find that m has 
apparently negative values, similar results being obtained in the argon series. It is there- 
fore concluded that mechanism 2 does not represent the recombination process. 

If we consider equation (ii) as reversible by introducing Cl, —> Cl, + Cl, with co- 
efficient k,, the heat produced in the gas phase then involves the three terms: £,[CI)[Cl,], 
k,{Cl,], and k,[Cl,]?. Since as much heat must be absorbed in the reverse action as is 
liberated in the forward action (ii), 


Q = he’ (Ra(CI [Clq] — Aa[Clg]) + Ag’PglClg]* 
where k,' and k,’ take account of the fact that different amounts of heat are involved in 
the two stages. For equilibrium conditions represented by the reversible equation 
Cl + Cl, == Cl, the equilibrium constant & = [CIJ[Cl,]/[Cl,], and application of the 
previous method gives Q oc Iaps.[Cl,]/[S + (%_ — s/k)[Clq]), which is of the same general 
type as before. No distinction thus appears between the two mechanisms. If me Cl, 
equilibrium is not attained, the analysis is more complicated and yields terms in Iqp..4. It is 
thus concluded that the mechanisms so far examined are not in accordance with experiment. 


Mechanism 3. 


(i) Cl, => Cl BOD seinecssiscosys ky (iii) Cl, + Cl, —> 3Cl,_ ...... ks 
(ii) Cl + Cl, + M—> Cl, +o ... ky (iv) Cl—» 4Cl, at surface ...... S 
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In this case the heat produced in the gas phase is proportional to [CI}[Cl,][M]. Since 
ACI] /dt = FyZabe, — Rq[CI}[Clg](M] — S[CI] = 0 
[Cl] = RyTavs./(AglCle][M] + S) 
KAp oc hylave(MJ[Ch] /(Aa(Cl IM] +S) . . . . . (3) 


Here’M may be either of the gases of the mixture, and since each gas must be taken to 
have a different triple collision coefficient, the final expression for a binary mixture, Japs. 


and 





being constant, is 


RKAp = [Clg] ([Cly] + Aa[M]) /[[Clg] (Clg) + Aa{M]) + mD]} . 


where ky is the triple collision coefficient of the added gas referred to the chlorine 
coefficient as unity. Putting ([Cl,] + Ay[M]) = Y, and z = mD/[Cl,]Y, we have 


Ap = 1/[RK(1 + 2)] 


Results for the various gas mixtures are in Table II. 


(4) 


(5) 


TABLE II. 
[Cl,] = 50-0 mm. 
Press. of 
added Ap A Ap (calc.) 
gas,mm. D x 10%. mD/50. | # ‘ 1+z. K. (calc.). (obs.). Ap (obs. 
Nitrogen : m = 0-48 X 10°, ky, = 0-49, R = 0-050. 

0 5-26 505 50 10-1 11-1 0-72 2-50 2-5 1-00 
100 2-24 215 99 2-17 3°17 1-65 3-92 3-9 1-01 
200 1-42 131 148 0-88 1-88 1-97 5-40 5-2 1-04 
300 1-04 100 197 0-61 1-51 2-06 6-42 6-4 1-00 
400 0-82 79 246 0-32 1-32 2-10 7-21 7-2 1-00 
500 0-68 65 295 0-22 1-22 2-14 7-66 7-6 1-01 
600 0-58 56 344 0-16 1-16 2-16 7-98 7-9 1-01 

Argon : m = 0-58 X 10°, kag = 0-26, R = 0-042. 

0 5-26 610 50 12-2 13-2 0-72 2-51 2-5 1-00 
100 2-38 276 76 3-63 4-63 1-15 4:47 4:8 0-93 
200 1-53 177 102 1°73 2-73 1-41 6-20 6-3 0-98 
300 1-12 130 128 1-015 2-01 1-46 8-07 8-0 1-01 
400 0-90 104 154 0-675 1-67 1-49 9-55 9-6 0-99 
500 0-74 86 180 0-48 1-48 1-50 10-7 10-7 1-00 
600 0-63 73 206 0-35 1-35 1-52 11-6 11-6 1-00 

Oxygen : m = 0-54 X 10°, ko, = 0-54, R = 0-045. 

0 5-26 568 50 11-35 12-35 0-72 2-50 2-5 1-00 
100 2-29 247 104 2-37 3-37 1-79 3-68 3-7 1-00 
200 1-32 143 158 0-905 1-905 2-01 5-80 5-3 1-09 
300 1-08 117 212 0-55 1-55 2-10 6-82 6-8 1-00 
400 0-85 92 266 0-35 1-35 2-15 7-64 71 1-07 
500 0-70 75-6 320 0-24 1-24 2-18 8-20 8-0 1-02 
600 0-59 63-7 374 0-17 1-17 2-21 8-60 8-6 1-00 

Hydrogen chloride : m = 0-83 X 10°, Rum = 0-26, R = 0-030. 

0 5-26 873 50 17-4 18-4 0-72 2-50 2-5 1-00 
100 2-19 364 76 4:79 5-79 1-30 4-40 4-4 1-00 
200 1-38 229 102 2-24 3-24 1-42 7-19 7-2 1-00 
300 1-01 168 128 1-31 2-31 1-47 9-75 9-9 0-98 
400 0-74 123 154 0-80 1-80 1:50 12-2 12-1 1-01 
500 0-66 109 180 0-61 1-61 1-52 13-5 13-7 0-99 
600 0-555 92 206 0-45 1-45 1-53 14-9 15-1 0-99 

Carbon dioxide : m = 0-455 X 10°, kcoo, = 0-13, R = 0-0518. 

0 5-26 479 50 9-58 10-58 0-72 2-54 2-5 1-02 
100 2-02 184 63 2-92 3-92 1-15 4:29 4-5 0-95 
200 1-25 114 76 1-50 2-50 1-24 6-23 6-2 1-00 
300 0-90 82-4 89 0-925 1-93 1-28 7-85 7-7 1-02 
400 0-76 69-5 102 0-69 1-69 1-30 8-80 9-0 0-98 
500 0-68 53-1 115 0-46 1-46 1-31 10-1 10-1 1-00 
600 0-495 45-0 128 0-35 1-35 1-32 10-9 11-2 0-97 
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It will be observed that (5) leads to values in good agreement with experimental results. 
The values of the constants m and R are sensibly the same for all the gases except hydrogen 
chloride, for which m is somewhat greater and R less. The constant m expresses the 
rate at which atoms reach the wall and are removed; the high value for hydrogen chloride 
would therefore indicate a greater efficiency of adsorption of chlorine atoms by a surface 
carrying adsorbed hydrogen chloride, in agreement with previous conclusions. 

Craggs and Allmand (J., 1937, 1889) found that the addition of water vapour slightly 
decreased the rate of photosynthesis of hydrogen chloride under conditions where surface 
action was appreciable; a surface carrying adsorbed water was considered slightly more 
efficient in removing chain carriers. The addition of 2 mm. of water vapour to 50 mm. 
of chlorine showed a Budde effect slightly less than the value obtained with dry gas (2-3 
and: 2-5 respectively). The value of 2-5 was also obtained when the vessel had been 
previously ‘‘ baked-out ” at 300—350°. These results thus confirm Craggs and Allmand’s 
conclusions. At higher pressures of added gas, approximately the same values of Ap 
were obtained for both wet and dry mixtures, as expected. 

In considering relative values of k as used in the above table, it is to be remembered 
that such values represent relative triple collision velocity coefficients only when the 
stabilisation of Cl, is concerned; if any other reaction occurs, k would give relative values 
of the product of heat of reaction and velocity coefficient. For chlorine, nitrogen, and 
argon, where the Cl, stabilisation is the only probable process, the relative k values are 
2-03, 1-00, and 0-53 respectively. The ky, : k, ratio compares very favourably with ratios 
determined in other stabilisations (03, Brg, I,, HO,); the value for oxygen (1-10) is similarly 
in agreement with the conclusion of Rabinovitch and Wood (Trans. Faraday Soc., 1936, 
32, 907) that such efficiency is higher for diatomic than for monatomic molecules, and 
increases with growing molecular size and the intensity of the molecular fields of the 
colliding particles. The value for kyo,/ky, (0-53) here obtained is considerably different 
from that recorded in the H-O, reaction (Ritchie, J., 1937, 863) where Ryg/ky, = 5-4; 
it would appear that the present value is more consistent with size and molecular weight 
than the higher figure, obtained for a triple collision which may not result in the stabil- 
isation of HO,, but may give as products H,O and ClO. 

The ratio kgo, : ky, = 0-27 is much less than the ratios obtained in other stabilisations 
(1-4—2-7), and it is difficult to visualise other suitable reactions which might occur on 
collision of Cl, Cl,, and CO,. In the examination of the Budde effect in bromine, carbon 
dioxide was abnormal in that no constant values of m and R could be found to fit experi- 
mental results over the entire pressure range, a progressive change in surface conditions 
being regarded as responsible; it is possible that the small value of 0-27 may not be un- 
connected with similar phenomena. It may also be of importance in this connection that 
the “‘ adsorption effect ” earlier discussed was not observed for chlorine-carbon dioxide 
and —hydrogen chloride mixtures, and this may again be taken to indicate a difference in 
surface conditions in these gases when compared with the more permanent gases nitrogen, 
argon, and oxygen. 

It should be pointed out that if equation (ii) of mechanism 3 is reversible and equilibrium 
is established, the heat then produced in the gas phase can be expressed by an equation 


of the form 

Q oc [Cly}hgTas./(S + 2’[Cl,][M)) 
which is of the same general type as before. Present calculations therefore do not admit 
of distinction being made between these two mechanisms. 

It thus appears probable that in any reaction involving chlorine where the recombination 
of chlorine atoms is of importance, added inert gas or products of reaction will tend to 
reduce the concentration of chlorine atoms by means of the triple-collision process 
Cl + Cl, + M—»Cl,;-+M. The rate of photocombination of hydrogen and chlorine 
should therefore be retarded under certain conditions by the product, hydrogen chloride. 
The retardation recorded for this reaction by Ritchie and Norrish (loc. cit.) is much greater 
than is to be expected from the above coefficients; but as their rates of reaction were not 
exactly proportional to J,,.+, surface action was apparently considerable, and this may 
be connected with the divergence. 
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In this connection some preliminary results on this photosynthesis, carried out by the 
method employed by Ritchie and Norrish, are given. A high-intensity source of light was 
used, the time of reaction being reduced for comparable concentrations of reactants by a 
factor of ten, to obtain a rate proportional to J,,,*#; the results in this respect were 
disappointing, the index being of the order 0-85, and surface action apparently present. 
For changes in hydrogen chloride pressure which are not too large, however, such surface 
effects may be considered as remaining constant; retardation of the rate of H,-Cl, 
combination may then be kinetically derived, on the basis of the above triple collision, by 
the factor 1/([Cl,] + &[HCI]), where & is the relative collision efficiency of hydrogen chloride 
to chlorine. For [H,] = (Cl,] = 43 mm., the quantum efficiency of hydrogen chloride 
formation was found experimentally to be 8350 at [HCI] = 15 mm. and 5800 at [HCI] = 
115mm. The hydrogen chloride was prepared by illumination in the silica reaction vessel 
itself, and the retardation was not therefore due to any accidentally introduced inhibitors ; 
Draper effects were always sharp and immediate. The value. of k calculated from 
these results is 0-21, in fair agreement with the value of 0-26 derived from the Budde 
measurements. 
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84. The Volumetric Determination of Small Quantities of Barium and 
Sulphate with Barium Rhodizonate as an Indicator: the Determination 
of Sulphur in Iron Pyrites. 


By CHRISTINA C. MILLER. 


A stable and inexpensive suspension of the scarlet modification of barium rhodizo- 
nate in ethyl alcohol has been used, in dilute, slightly acid solutions, under certain 
standard conditions, as an indicator in the volumetric estimation of barium by means 
of sulphate, and of sulphate indirectly. The accuracy of the most satisfactory estima- 
tions is of the order of 1% for 4—20 mg. of sulphate. In the presence of 10 mg. of 
sulphate there may be at least equivalent amounts of many cations, including aluminium 
and ferrous ions; phosphate ions, in an equivalent amount and less, cause a positive 
error of 2%. When applied to the estimation of sulphur in 10 mg. portions of iron 
pyrites, the method yields results that agree to within about 1% with those obtained 
gravimetrically on decigram portions. 


Sopium rhodizonate and tetrahydroxybenzoquinone, which form reddish-brown and scarlet 
compounds with soluble barium salts (see, ¢.g., Mutschin and Pollak, Z. anal. Chem., 1937, 
108, 8), have been used for some time as indicators in the volumetric estimation of barium 
and sulphate. Aqueous solutions of the former indicator must be freshly prepared; the 
latter is made up in a solid stable form.. Both indicators are expensive. 

Strebinger and Zombory (tbid., 1930, 79, 1; 1936, 105, 346) titrated somewhat concen- 
trated neutral or slightly acid (0-3N-hydrochloric acid) solutions of barium chloride with 
ammonium sulphate in the presence of sodium rhodizonate. Direct titrations of the 
sulphate were impossible, owing to a lag in the transformation of the indicator in neutral 
solutions, and to its instability in acid solutions. An indirect method in neutral or slightly 
acid solutions involved the addition of an excess of barium chloride and a back-titration 
with sulphate. The sulphates of zinc, manganese, cadmium and copper were said to be 
titratable. The high concentrations and the large excesses of barium chloride used seem 
objectionable, and Mutschin and Pollak (loc. cit.) adversely criticised the work of the other 
authors. ' 

Mutschin and Pollak (tbid., 1936, 106, 385), in direct titrations of sulphate in neutral 
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or slightly acid (0-05N-acetic acid) solutions, improved on earlier methods of using papers 
impregnated with sodium rhodizonate for external testing, and later (tbid., 1937, 108, 8, 
309), they determined sulphate in neutral solutions indirectly, using the indicator intern- 
ally. To the sulphate solution containing 2% of ammonium chloride and 35% of acetone 
they added an excess of barium chloride,.and then sodium rhodizonate to form the scarlet 
modification of barium rhodizonate (the brownish-red modification was unsuitable). A 
back-titration with sulphate followed, the colour change being from red to yellow. Iron, 
aluminium and phosphate ions had to be absent, and the results for 10—200 mg. of sulphate 
averaged 1-3% low. Finally, Abrahamczik and Bliimel (Mikrochim. Acta, 1937, 1, 354) 
buffered barium solutions to pg 3, added an excess of methyl alcohol, and titrated with 
sulphate, in the presence of sodium rhodizonate, until the red colour disappeared. For 
1-4—2-3 mg. of sulphate the maximum range in the error was +0-8%. Interfering cations 
were adsorbed beforehand on permutit. 

Schroeder (Ind. Eng. Chem., Anal., 1933, 5, 403) found that tetrahydroxybenzoquinone 
could be used as an indicator in the direct titration, with 0-025N-barium chloride solutions, 
of 2—25 mg. of sulphate in 25 ml. portions of aqueous solutions at py 8, treated with the 
same volume of ethyl alcohol; 5 mg. of aluminium and at least 15 mg. of magnesium ions 
could be tolerated, but ferric ion in excess of 0-1 mg. had to be removed. The presence of 
0-9 equiv. of phosphate ion caused the results for 2-7 mg. of sulphate to be about 30% high. 
Sheen and Kahler (ibid., 1936, 8, 127), by lowering the initial p, to 4, reduced the phosphate 
error, for a similar amount of sulphate and 0-9—1-4 equiv. of phosphate, to + 2—17%. 
The indicator was somewhat readily destroyed at this lower Py value; ferric, ferrous and 
aluminium ions interfered, and were removed with other heavy metals in applying the 
method (#bid., 1937, 9, 69). 

In testing qualitatively for barium with sodium rhodizonate, the author noticed that 
hydrochloric acid tended to dissolve brown barium rhodizonate, and also to convert it 
into the scarlet modification, which is less soluble in acid. The latter transformation was 
predominant when compact masses of the precipitate were stirred in the cold with small 
volumes of 2N or concentrated hydrochloric acid, or, at 80°, with alcohol containing 2% 
of concentrated hydrochloric acid. The centrifuged scarlet precipitates, washed with a 
little alcohol, and drained, but not dried, gave with ethyl alcohol, scarlet-coloured suspen- 
sions, which did not readily settle. The scarlet compound formed in the acid alcoholic 
medium provided the finest suspension. Since the scarlet compound is more stable 
towards hydrochloric acid than the brown, it was thought that its suspension in alcohol 
might serve as an indicator in titrations of barium with sulphate in solutions more acid 
than usual; in these solutions the tolerance towards phosphate ion and foreign cations, 
such as iron and aluminium, might be increased. 


EXPERIMENTAL. 


The Use of a Suspension of Scarlet Barium Rhodizonate as an Indicator.—The scarlet modifi- 
cation of barium rhodizonate, prepared from 40 mg. of sodium rhodizonate (see p. 406), was 
suspended in 250 ml. of absolute ethyl alcohol. When 1 ml. was added to 10 ml. of 0-1N- 
hydrochloric acid at 25°, the strong pink colour at first produced disappeared in 7 secs. The 
presence of a little sulphate did not noticeably affect the result, showing that there is a lag in 
the reaction between the barium compound and the sulphate. If, however, 0-1 ml. of 0-Im- 
barium chloride solution was present, the colour did not disappear, but became very pale, in 
60 secs.; with 1 ml., the colour was still a very definite pink after 5 mins. The effect of adding 
an alcohol or acetone was to retard the disappearance of the pink colour; e.g., 5 ml. of ethyl 
alcohol caused the pink colour, in the absence of barium chloride, to become very pale in 40 secs., 
but in the presence of 0-1 ml. of 0-1m-barium chloride solution it was still strong after 15 mins., 
and, in the presence of 1 ml., stable. Alcohol therefore helps to stabilise the barium rhodizo- 
nate, and to a more marked extent when the solution contains a little barium chloride. 

In order to use the barium rhodizonate suspension satisfactorily as an indicator in the 
titration of barium with sulphate, one must be able, during the titration, to retain the pink 
colour until the concentration of barium ions is very small, and to ensure rapid fading at the 
equivalence point. Since, in gravimetric work, barium sulphate is best precipitated in dilute 
acid solutions, such solutions were used in a study of the rate of fading of the indicator under 
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various conditions in the presence and absence of small amounts of barium chloride. The 
results are summarised in the following table. 





Composition of soln. Approx. time (secs.) taken, at 25°, for 
¢ A —, the colour to equal a standard pale pink 
Indicator, H,O, 2n-HCl, ‘EtOH, colour. 

Expt. ml. ml. ml. ml. No BaCl,. 0-06 Ml. of 0-02m-BaCl,. 
1 0-5 10 0-5 2 2 5 
2 0-5 10 0-2 5 10 45 
3 0-5 10 0-5 5 8 35 
oa 0-5 10 1 5 5 20 
5 0-5 20 0-2 5 3 7 
6 0-5 10 0-5 10 25 >120 
7 1 10 0-5 10 >60 — 

8 0-5 10 1 6 30 (15°) >120 (15°) 

9 0-5 10 1 10 40 
10 0-5 15 1 ll 12 50 
ll 0-5 26 1 22 12 50 

0-06 Ml. of 0-05m-BaCl,. 
12 0-5 10 2 7 5 > 60 
13 0-5 26 2 23 8 > 60 


Increasing acidity (expts. 2, 3 and 4), dilution with water (expts. 2 and 5), and increasing 
temperature (expts. 8 and 9) increase the rate of fading. Increasing amounts of alcohol (expts. 
3 and 6) and indicator (expts. 6 and 7) have the reverse effect. 

The Titration of Barium with Sulphate.—The following standard procedure, based mainly 
on the results of the above table, was applied. To 10 ml. of an aqueous barium chloride solu- 
‘tion, equivalent to 2—20 mg. of sulphate, 0-2—1 ml. of 2n-hydrochloric acid was added, and 
ethyl alcohol equivalent to the total volume less § ml. This volume of alcohol ensured that 
the rate of fading at the equivalence point was not too slow, and yet considerably faster than 
that in the presence of a little barium chloride (expts. 1, 3 and 6). 0-5 Ml. of the indicator 
suspension was added and gave a sufficiently pink colour for end-volumes up to over 50 ml. 
The mechanically stirred solution was titrated dropwise, at room temperature, with a 0-02m- 
solution of ammonium sulphate, containing 50% by volume of ethyl alcohol. In this way the 
proportion of alcohol in the solution increased slightly during the course of the titration, and 
an approximately constant rate of fading at the equivalence point was maintained for final 
volumes ranging from 18 to 50 ml. (expts. 9—11). Experiments 2 and 5 show what would be 
the effect of titrating with an aqueous sulphate solution. Towards the end of the titration the 
temperature was adjusted to 25°, in order to avoid too slow fading of the barium rhodizonate 
(cf. expts. 8 and 9), and the titrant was added at the rate of one drop (0-015 ml.) in 10 seconds, 
until the pink colour disappeared. No delay was permissible in adding the last 0-06 ml. (expts. 
9—11). Sometimes the precipitates were very pale pink beyond the equivalence point, owing 
to a slight adsorption of the indicator; this was most prominent in solutions containing small 
amounts of barium and the maximum amount of acid. 

If the sulphate equivalent of the barium chloride in 10 ml. was 5—50 mg., and the titrant 
was 0-05M-ammonium sulphate, the amount of acid could range from 0-5 to 2 ml. The last 
drops of the titrant, when the maximum amount of acid was present, could be added at a slightly 
greater rate (cf. expts. 12 and 13). 

Provided that the foregoing procedure was rigidly adhered to, errors averaging 1% and less 
were usually obtained, as shown below. With 0-02m-sulphate as the titrant, the most consistent 
results were obtained in solutions containing 0-5 ml. of 2n-hydrochloric acid in a final volume 
of 27—18 ml. 
SO, equivalent 


(NH,),SO,, M. in mg. of BaCl, Error, %, with various vols. of 2N-HC] initially present. 
in 10 ml. 1 ml. 0-5 ml. 0-2 ml. 
0-02 20 —0-5, —0-3 —0-1, +0-2 +0-5, +0-8 
' 10 —1-2, —1-6 +06, 0 +1-2, +0-8 
4 0, —0-5 0, 0 +0-5, +15 
2 +2, +3 0, —2 -—l, +2 
2 ml. 1 ml. 0-5 ml. 
0-05 50 —0-9, —0-4 —0°5 —0-6 
25 —0-8, —0-6 +0-4 +0-2 
10 —1-5, —0-5 —l +1 
5 0, 0 -1 —1 


Experiments with a 0-0lm-sulphate solution were unsuccessful, except at low acidity, and 
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slightly inferior results were recorded when the scale of the experiments was increased 2}-fold, 
due to a greater uncertainty in detecting the end-points. 

The Indirect Estimation of Sulphate.—Direct estimations of sulphate being out of the ques- 
tion, it was proposed to titrate sulphate solutions with an excess of a barium chloride solution, 
and then to prepare the solution appropriately for a back-titration with a standard sulphate 
solution, in the presence of the indicator suspension. In preliminary experiments low results 
were obtained for sulphate, owing, presumably, to the ready contamination of barium sulphate 
with sulphate when barium ions are added to an excess of sulphate ions. The errors were most 
marked when concentrated solutions were used, and when the barium chloride was added in 
the cold; the amount of hydrochloric acid was of less importance, The barium chloride had 
to be added to hot aqueous solutions, i.e., at 80° or at the boiling point. Cooling immediately 
after, or after 10—30 mins.’ further digestion at the precipitation temperature, led to very 
similar results. The excessively slow addition of the barium chloride, and the digestion at 80° 
of a precipitate formed in the cold, produced no beneficial effects. A considerable excess of 
barium chloride was required to prevent appreciable negative errors, particularly in solutions 
containing small amounts of sulphate and hydrochloric acid. The following standard procedure 
was devised : To 10 ml. of an aqueous solution containing 2—20 mg. of sulphate, 0-5—1 ml. of 
2n-hydrochloric acid was added. The solution was titrated at 90°, at the rate of 1 ml. a minute, 
with 0-02m-barium chloride, until an excess of 1 ml. was present for amounts of sulphate under 
10 mg., and at least 2 ml. for larger amounts. The precipitate was digested at 90° for 10 mins., 
and the beaker then immersed in cold water. Ethyl alcohol, equivalent to the total volume 
less 5 ml., and 0-5 ml. of the indicator suspension were added, and the solution was titrated with 
0-02mM-ammonium sulphate containing 50% by volume of ethyl alcohol. The end temperature 
was 25°, and 0-015 ml. drops were added at the rate of one in 10 secs. The results below show 
that better results were obtained with 1 ml. than with 0-5 ml. of 2n-hydrochloric acid in a final 
volume of 50—22 ml. Under similar conditions of acidity the most satisfactory results were 
obtained in direct titrations of barium chloride (p. 403). With 1 ml. of acid present the error 
in estimating 4—20 mg. of sulphate is under 1%. The more negative errors, observed when 
0-5 ml. of acid was present, correspond to the positive errors associated with the titration of 
barium chloride solutions in the presence of 0-2 ml. of acid. 


. SO, in 10 ml. '0-02m-BaCl, Error, %, with various vols. of 2N-HCl 
of solution, used in excess, initially present. 
mg. ml 1 ml. 0-5 ml. 
20 4, —0-5, —0-7 —1-5, —1-4 
10 2 +0-2, +0-8 —0-8, —0-4 
4 1 +05, 0 —1l1, —05 
2 1 +3, +3 0, —2 


Sulphate determinations, in solutions containing 1—2 ml. of acid, were also made with 
0-05m-solutions, but the errors in general exceeded 1%, probably because adsorption errors 
were becoming more prominent. A few experiments made on a larger scale offered no advan- 
tage over those made on the smaller scale, which was preferred. 

The Effect of Various Cations and Anions on the Estimation of Sulphate: the Adjustment of 
Acidity.—In estimating sulphate in solutions that may contain other salts, a means must be 
found for adjusting the acidity before the titration. A very satisfactory indicator was a solu- 
tion of brilliant cresyl-blue, as supplied by The British Drug Houses, and diluted 10 times with 
ethyl alcohol. 0-1 Ml. added to 10 ml. of a neutral, aqueous sulphate solution gave a blue 
colour, which weakened as acid was added. About 1 ml. of 2n-hydrochloric acid was required 
just to discharge the blue colour; the extreme range was 0-8—1-1 ml., and this corresponds 
very well with the acidity most suitable for sulphate estimations with 0-02m-solutions. The 
adjustment of acidity may, in general, be effected by arranging that the blue colour of the 
indicator has just disappeared. For solutions initially too acid, the acidity was conveniently 
reduced by gradually adding magnesium acetate until a blue colour was just perceptible, and 
then discharging it with a little hydrochloric acid. Magnesium acetate does not affect the 
subsequent titrations (see p. 405). Even in slightly coloured solutions the method was applic- 
able, especially if a reference solution was used. For solutions requiring adjustment of pg 
to the lower value corresponding to the addition of 2 ml. of 2n-hydrochloric acid to 10.ml. of a 
dilute ammonium sulphate solution, it was necessary to double the amount of the indicator and 
to continue the addition of acid until.a pinkish-brown colour developed. Here, one might add 
2—3 ml. of 2n-hydrochloric acid, and the adjustment would be uncertain in slightly coloured 
solutions. 
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The subsequent addition of alcohol brought up the blue colour of the indicator, but this, 
instead of being a disadvantage, proved to be an advantage in the final titration. In association 
with the scarlet barium rhodizonate it gave a violet colour, which changed at the equivalence 
point to a pure, pale blue. This colour change was more readily observed than the fading to 
colourless of the pink rhodizonate solutions. In later work, brilliant cresyl-blue was added, 
whether or not it was required for the adjustment of acidity. 

The effect on the estimation of sulphate of various salts was examined. The solid salt was 
added to 10 ml. of the solution containing 10 mg. of sulphate, the adjustment of acidity effected, 
and the standard procedure (p. 404) afterwards followed. The results of these experiments, 
practically all the average of two, appear below. 

It has already been shown that, even under standard conditions, one cannot expect to esti- 
mate barium and sulphate with an accuracy much betterthan 1%. If, in the presence of foreign 
salts, results of this accuracy are obtained, then the added salts have no important influence. 
From the table below, it may be deduced that the salts listed in the first column, in amounts 
equivalent to the sulphate (10 mg.), do not interfere. With some, the presence of much more 
than 1 equiv. is permissible. The salts mentioned in the fourth column interfere more—lead 
and calcium salts because of the partial precipitation of the sulphates, ammonium phosphate 
because of some precipitation of barium phosphate. A positive error of 2% seems to be un- 
avoidable in the presence of phosphate. The error for 1-5 equivs. of phosphate (10 mg. of PO,) 
and 10 mg. of-sulphate is a marked improvement on Sheen and Kahler’s result for one-fourth 


uivs. of Error, %, in Equivs. of Error, %, in 
t to one detmn. of 10 salt to one detmn. of 10 
Added salt. of SO,. mg. of SO,. Added salt. of SO,. mg. of SO,. 
NH,OAc 7 —1-2 FeCl, 1)\ referred +1-0 
33 —2-7 2f to FeS, t 
NH,Cl 9 —1-2 KCl 1 —1-9 
44 —3-2 1-3 —1-4 
Na,HAsO, 1 +0-2 NH,NO, 1-5 +3°3 
2 +1-6 
Na,HAsO, 1 +0-1 
2 —0-3 
NaCl 21 —1-8 (NH,),HPO, 0-35 +2-6 
0-45 +1-8 
Mg(OAc), 1 +0°5 0-7 +16 
10 —0-2 - 15 +2-4 
11-5 +4-4 
Zn(OAc), 1 +0-3 
10 +4-9 CuCl, 0-06 —11 
0-15 +2-0 
Cd(OAc), 1 —0-8 1 +3-2 
CoCl, 1-2 —1-1 1-3 § —1 
NiCl, 1 +0:-2 Pb(OAc), 0-01 —1-0 
0-016 —3-6 
MnCl, 1 +0-8 CaCl, . 0-07 —1-0 
AICI, 2-8 (5 mg. Al) 0 0-18 —2-6 
14 (25 mg. Al) —0-8 1-76 — 8-2 
FeCl, 1-5 —0-5 * 
—0-2} 
NH,OH,HC1 30 mg. —0-2 
250 mg. —2-5 
* Ferric chloride had been reduced with 10—20 mg. of aluminium powder. 
Tt See below. 


¢~ With 25 mg. of hydroxylamine hydrochloride, as in the analysis of iron pyrites (p. 406). 
§ Metal precipitated by aluminium. 


of these amounts (see p. 402). Ferric, nitrate, and potassium ions are well-known contaminants 
of barium sulphate. In the presence of the first, the colour change at the end-point was poor, 
and it was much better toreduce the iron to the ferrous state, with aluminium powder or hydroxyl- 
amine, neither of which appreciably influences the estimation of sulphate. The interference 
of cupric ions was eliminated by reducing them to the metal with aluminium; lead was incom- 
pletely deposited thus, and still interfered. 

The Estimation of Sulphur in Iron Pyrites.—The foregoing results enable one to prescribe 
conditions for the volumetric estimation of sulphate, where an accuracy of 1% suffices, and its 
application to the determination of sulphur in iron pyrites was studied. Iron sulphide minerals, 
e.g., pytrhotite, pyrite, and marcasite, may contain small amounts of nickel, cobalt, copper, 
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calcium, manganese, lead, arsenic, etc., but these elements are present in amounts which seemed, 
from the foregoing results, unlikely to affect the volumetric estimation of sulphate. Accordingly, 
a finely-ground sample of iron pyrites was analysed for sulphur as follows: 10 mg. portions 
were decomposed by the method of Allen and Bishop (see Kolthoff and Sandell, ‘“‘ Textbook of 
Quantitative Inorganic Analysis,”’ 1936, 321), but with suitably reduced quantities of the re- 
agents; ferric iron was reduced with aluminium or hydroxylamine, and the sulphate produced 
estimated under the standard conditions (p. 404). Asa check, the sulphur was also determined 
gravimetrically in 0-1 g. portions of the pyrites, decomposed in the same way. The results 
(S, %) were as follows : 


(1) Al 47-0 + 0-2 (vol.); 46-6 (grav.) 
(2) NH,OH 46-7403 ,, ; 465 ,, 


These figures confirm the applicability of the method. Four volumetric estimations were made 
in 3 hrs. Many other applications are possible. 

One of the main advantages in using the suspension of barium rhodizonate as an indicator 
is its cheapness. 40 Mg. of sodium rhodizonate, costing 5s. per g., suffice for 500 titrations. 
Abrahamczik and Bliimel (loc. cit.) used 5 mg., in unstable aqueous solution, for 6—8 micro- 
titrations. The use of tetrahydroxybenzoquinone would be much more expensive. 

Experimental Details —Reagents. As far as possible these were of analytical grade. Sodium 
rhodizonate was supplied by Messrs. Hopkin and Williams. Commercial, absolute ethyl 
alcohol was redistilled, and the carbon tetrachloride was “‘ sulphur-free’”’. 0-1m-Solutions of 
barium chloride and ammonium sulphate were standardised gravimetrically by precipitation 
as barium sulphate in suitable portions, under Kolthoff and Sandell’s conditions (op. cit., p. 319). 
More dilute aqueous and alcoholic solutions were prepared from these. 

Apparatus, etc. All the titrations, stability tests on solutions containing the indicator, and 
px adjustments were carried out in tall-form beakers, which were heated, when necessary, on a 
medium-temperature, electric hot-plate. For the final titrations in the presence of the indicator, 
they were placed in white surroundings. A simple glass stirrer was operated by a small electric 
motor. The volumetric ware was calibrated. Grade A burettes of ordinary size, delivering 
drops of 0-015 ml. with alcoholic solutions, were adequate. Owing to the sluggish end-points, 
the use of micro-burettes offered no advantage. 

Preparation of the barium rhodizonate suspension. 40 Mg. of sodium rhodizonate were dis- 
solved in 20 ml. of water, and treated with 0-1 g. of barium chloride dissolved in a little water. 
The flocculent, brownish-red precipitate was centrifuged, and washed with a little water and 
then with ethyl alcohol. 5 Ml. of ethyl alcohol containing 0-1 ml. of concentrated hydrochloric 
acid were poured over the precipitate, and the tube was placed for a few minutes in a beaker of 
hot water, in order to convert the complex into the scarlet form. The centrifuged precipitate 
was drained of alcohol, and at once suspended in 250 ml. of ethyl alcohol. The suspension was 
kept in a glass-stoppered bottle and invariably shaken before use. No deterioration was noted 
during 3 months’ use. 

Volumetric determination of sulphur in ivon pyrites. 10 Mg. of the finely ground pyrites in a 
tall, 6 ml. micro-beaker were treated with 0-2 ml. of bromine in carbon tetrachloride (2: 3), 
followed after } hr. by 0-2 ml. of concentrated nitric acid. After a further } hr. the bromine 
was carefully expelled, and the mixture evaporated to dryness, by placing the beaker in a 
suitable holder (see, e.g., Emich, “‘ Microchemical Laboratory Manual,’ 1932, 13) on an electric- 
ally heated water-bath. Nitrates were destroyed by two evaporations with 0-2 ml. of concen- 
trated hydrochloric acid, and the residue was heated for 10 mins. in an oven at 100°, before 
being dissolved in 0-2 ml. of hydrochloric acid and 1 ml. of water. Ferric iron was reduced 
by adding either 10 mg. of aluminium metal powder or 25 mg. of hydroxylamine hydrochloride, 
and heating the solution on the hot-plate until it became colourless (2 mins.). After trans- 
ference to a 50 ml. beaker, and dilution to 10 ml. with cold water, the solution was adjusted to 
the correct acidity as outlined on p. 404, and sulphate estimated under the conditions prescribed 
on p, 404. An excess of fully 2 ml. of a 0-02m-barium chloride solution was used in the first 
titration. 

A solution of cupric ions could be reduced with aluminium in the same manner, but with 
deposition of the metal, which did not, however, interfere in the subsequent titrations. 


Fe reduced by { 
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85. Studies on Hydrogen Cyanide. Part XI. The Constitution of the 
Double Compound of Hydrogen Cyanide and Aluminium Chloride. 


By L. E. Hinxer and T. I. Watkins. 


From a study of the action of bromine on hydrogen cyanide and its double compound 
with aluminium chloride (AlCl,,2HCN) it has been shown that the latter compound is 
best represented as a molecular compound of aluminium chloride with iminoformyl- 
carbylamine. 


HYDROGEN cyanide reacts readily with aluminium chloride to yield the double compound 
AICl,,2HCN (Hinkel and Dunn, J., 1931, 3243) and the dissociation of this compound (I) 
into its two components on dissolution in ether or on heating to 100° suggests that it is a 
simple molecular compound. On the other hand, the compound may be prepared from 
aluminium chloride and iminoformylcarbylamine (bimolecular hydrogen cyanide) (II), 
and on heating with hydrogen chloride it yields a compound (III) identical with that 
prepared directly from aluminium chloride and chloromethyleneformamidine (IV). 


AICI, + 2HCN = AICI,,2HCN =, AICI, NH:CH-N:CHCI 


frm oy 
AICI, + NH:CH-NC AICI, + NH:CH-N:CHCl 
(II.) (IV.) 


The double compound (III) must therefore be formulated as shown, and compound (I) 
should then be AICl,,NH:CH-NC. The decomposition of this to yield hydrogen cyanide is 
surprising, however, since iminoformylcarbylamine can be passed through a strongly 
heated glass tube without undergoing decomposition or dissociation into hydrogen cyanide. 

In order to test these views and to gain a further insight into the manner in which the 
hydrogen cyanide molecules are held in combination with the aluminium chloride, the 
action of bromine upon the double compound (I) has been investigated and compared with 
the action of bromine upon free hydrogen cyanide. 

Bromine dissolves readily in anhydrous hydrogen cyanide to yield a red solution, and 
a vigorous reaction soon ensues with a brisk evolution of hydrogen bromide and rise of 
temperature, whilst a yellow to orange-red solid is formed, the colour probably being due 
to the presence of some perbromo-derivatives. The reaction is more readily followed 
in benzene solution, since, with the exception of cyanogen bromide and hydrogen bromide, 
all the products of the reaction between hydrogen cyanide and bromine are insoluble in 
benzene. The presence of cyanogen bromide in the benzene solution is recognised by its 
characteristic biting odour and by its conversion into cyaphenin and a mixture of bromo- 
benzene and benzonitrile under the influence of aluminium chloride. From the coloured 
insoluble product, after treatment with benzene in presence of aluminium chloride, the 
following compounds were obtained : benzhydrylamine, benzaldehyde, and bromobenzene. 
The first two can only have been derived from the sesquibromide of hydrogen cyanide and 
bromomethyleneformamidine respectively (compare Gattermann and Schnitzspahn, Ber., 
1898, 31, 1770; Hinkel and Dunn, J., 1930, 1834), whereas the last probably results from 
the red perbromo-compounds. There are, therefore, several reactions occurring almost 
simultaneously. The primary reaction must be the formation of cyanogen bromide 
(HCN + Br, = CNBr + HBr), the hydrogen bromide simultaneously produced combining 
almost immediately with more hydrogen cyanide to yield the sesquibromide as a white 
solid (compare Hinkel and Dunn, loc. cit.). With excess of hydrogen cyanide and under the 
influence of the heat of the reaction, some of the sesquibromide would be converted into 
bromomethyleneformamidine, according to the equations 


2HCN,3HBr + 4HCN = 3(HCN),HBr 
2HCN,3HBr — 2HBr = (HCN),HBr 


When bromine is added to the compound AICI,,2HCN in benzene suspension, at room 
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temperature, a slow combination occurs which becomes more vigorous with increase of 
temperature. If this mixture is then heated without the further addition of aluminium 
chloride, a reaction occurs yielding as final product triphenylmethane. No reasonable 
explanation for this result can be formulated. If, however, the mixture is heated with an 
additional molecular proportion of aluminium chloride the usual Friedel-Crafts reaction 
sets in and the final product consists of benzophenone. In neither of these two reactions 
was any cyanogen bromide found, which would result if the hydrogen cyanide were loosely 
united as such with the aluminium chloride. 

The formation of benzophenone follows naturally if the two molecules of hydrogen 
cyanide are united to the aluminium chloride as iminoformylcarbylamine. The bromine 
unites with the carbylamine group in a manner similar to that of hydrogen chloride, yielding 
the compound AICl,,NH:CH-N:CBr,, which in presence of free aluminium chloride and 
benzene would give rise to AICl,,NH:CH-N:CPh,, from which benzophenone results on 
hydrolysis. 

From these reactions it would appear that the two molecules of hydrogen cyanide must 
be held united to the aluminium chloride as an unstable form of iminoformylcarbylamine, 
and that the aluminium chloride apparently weakens the bonds in the compound as indicated 
by dotted lines in (V) to facilitate the formation of hydrogen cyanide. On the other hand, 


AIC CHEN —_, AICINH:CH:NC (v.) 


the addition of hydrogen chloride to the carbylamine group must counteract this loosening 
effect, since, as already mentioned, the resulting compound (III) dissociates on heating 
into chloromethyleneformamidine and aluminium chloride. 


EXPERIMENTAL. 


Action of Bromine on Hydrogen Cyanide.—Bromine (28 c.c.; 1:25 mols.) was added to an 
ice-cooled solution of anhydrous hydrogen cyanide (32 c.c.; 2 mols.) in benzene (80 c.c.). The 
deep red solution soon became cloudy and a vigorous reaction ensued with a copious evolution 
of hydrogen bromide, and a pasty orange-red solid (A) separated. The mixture was kept over- 
night. To the decanted benzene solution, which had the characteristic biting odour of cyanogen 
bromide, powdered aluminium chloride (50 g.) was slowly added, the temperature of the mixture 
being gradually raised to 50° and maintained thereat for 5 hours. Hydrogen bromide was 
slowly evolved. The mixture was then poured on ice and hydrochloric acid, and the liquid 
filtered from the small quantity of dark brown solid, which, after being washed with cold alcohol, 
crystallised from glacial acetic acid in small branched crystals, m. p. 231°, not lowered by 
authentic cyaphenin, m. p. 232°. The combined benzene and water filtrate was distilled in 
steam, and the benzene distillate, after drying over calcium chloride, was distilled into fractions, 
b. p. 150—160° and b. p. 185—190°, consisting of bromobenzene (b. p. 157°) and benzonitrile 
(b. p. 191°) respectively. 

Residue (A). To the flask containing the red solid were added benzene (100 c.c.) and then 
aluminium chloride (50 g.). As soon as the first rapid evolution of hydrogen bromide had 
ceased, the mixture was heated to 60° and the heating continued for 4 hours until there was no 
further evolution of hydrogen bromide. The mixture was poured on ice and concentrated 
hydrochloric acid, and the benzene and the water layer were decanted from the black viscous 
liquid (B) and treated as described in the previous experiment. The dried benzene solution so 
obtained yielded on distillation a small quantity of bromobenzene and a small residue, b. p. 
>180°, which contained nitrogen (probably due to benzonitrile) and also yielded a dinitro- 
phenylhydrazone, m. p. 238°, unchanged when admixed with the dinitrophenylhydrazone of 
benzaldehyde. 

Residue (B). The dark residue was hydrolysed by boiling with aqueous sodium hydroxide, 
and the dark red oil so obtained was dissolved in hot concentrated hydrochloric acid. On 
cooling, small needle-shaped crystals separated, m. p. 274°, unchanged by authentic benzhydryl- 
amine hydrochloride. 

Action of Bromine on AICl,,2HCN.—Hydrogen cyanide (8 c.c.; 2 mols.) was added to a 
suspension of finely powdered aluminium chloride (13-4 g.; 1 mol.) in benzene (80 c.c.) at 10°. 
The mixture was gently stirred for 30 mins. in order to ensure the complete formation of the 
double compound AICI,,2HCN. Bromine (5-5 c.c.; 1 mol.) was then added. Gradual union 
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with the aluminium compound occurred, yielding a dark-coloured heavy liquid immiscible with 
the benzene (product C). To the well-stirred mixture, powdered aluminium chloride (13-4 g.; 
1 mol.) was added, and the temperature of the mixture gradually raised to 75°, whereupon 
a rapid evolution of hydrogen bromide occurred. The heating and stirring were continued 
until evolution of hydrogen bromide ceased (4 hrs.). The reaction mixture was then poured on 
ice and concentrated hydrochloric acid, and the benzene removed by steam. Further steam- 
distillation yielded an aqueous distillate containing a yellow oil. Extraction with ether and 
subsequent removal of the ether yielded a yellow oil which, without further purification, was 
converted into a phenylhydrazone, m. p. 137°, unchanged by authentic benzophenonephenyl- 
hydrazone. 

If the benzene mixture (product C) was heated without the further addition of aluminium 
chloride and subjected to the subsequent treatment as previously described, the aqueous 
distillate obtained after removal of benzene yielded oily drops which solidified on cooling and 
were identified as triphenylmethane, m. p. 93°, unchanged by an authentic specimen. No 
benzophenone was obtained under these conditions. 


The authors’, thanks are due to the Chemical Society for a grant, and to Imperial Chemical 
Industries, Ltd., for a grant and gifts of chemicals. 
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86. The Synthesis of Growth-inhibitory Polycyclic Compounds. Part II. 
By G. M. BADGER and J. W. Cook. 


In continuation of previous work a further series of water-soluble compounds derived 
from the growth-inhibitory carcinogenic hydrocarbons, 10-methyl- and 9 : 10-dimethyl- 
1 : 2-benzanthracene, has been prepared. A preliminary report of tests for growth- 
inhibitory properties carried out with nineteen compounds, described in the present 
communication and in Part I, showed that four of these had definite activity ; only one 
of the active compounds (sodium 1 : 2-benz-10-anthroate) was water-soluble. The 
introduction of hydroxyl and carboxyl groups is attended by marked loss of growth- 
inhibitory activity. 


In Part I (J.; 1939, 802) we described the synthesis of several derivatives of 10-methyl- 
and 9: 10-dimethyl-1 : 2-benzanthracene containing oxygen or nitrogen. This work, 
forming part of a more comprehensive study of the influence of introduction of water- 
solubilising groups on the biological properties of polycyclic hydrocarbons, has been 
extended. A further series of substituents has been introduced into the 10-position of 
1 : 2-benzanthracene and on account of the favourable influence of methyl groups at 
positions 6 and 9 on carcinogenic activity (which is correlated with growth-inhibitory 
activity), some 6-methyl (II) and 9-methyl (III) derivatives of the 10-substituted benz- 
anthracenes have also been prepared. 

Bromination of 1 : 2-benzanthracene led to 10-bromo-1 : 2-benzanthracene (I; X = Br), 
which was transformed by cuprous cyanide in phenylacetonitrile into 10-cyano-] : 2- 
benzanthracene, a compound.obtained by Fieser and Hartwell (J. Amer. Chem. Soc., 1938, 
60, 2558) by dehydration of the corresponding aldoxime of proved orientation. 

This nitrile was resistant to catalytic hydrogenation and to chemical reduction, and 
could not be hydrolysed beyond the stage of 1 : 2-benz-10-anthramide (I; X = CO-NH,). 
1 : 2-Benz-10-anthranylmagnesium bromide reacted with ethylene oxide to give 10-8- 
hydroxyethyl-1 : 2-benzanthracene (I; X = CH,°CH,°OH). 
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The 1: 2-benz-10-anthraldehyde of Fieser and Hartwell (loc. cit.) was oxidised by 
permanganate in acetone solution to 1 : 2-benz-10-anthroic acid, a substance obtained by 
Dansi (Gazzetta, 1937, 67, 86) as a product of interaction of 1 : 2-benzanthracene with 
oxalyl chloride. Ethyl chloroglyoxylate condensed with 1 : 2-benzanthracene, in presence 
of anhydrous aluminium chloride, to give 1 : 2-benzanthranyl-10-glyoxylic acid (I; X = 
CO-CO,H), which was reduced by sodium amalgam to «-hydroxy-1 : 2-benzanthranyl- 
10-acetic acid [I; X = CH(OH)-CO,H], and by hydriodic acid and red phosphorus to 
1 : 2-benzanthranyl-10-acetic acid. The latter compound was prepared by Dansi (Gazzetta, 
1939, 69, 195) from benzanthracene and ethyl chloroacetate, and its orientation proved 
by decarboxylation to 10-methyl-1 : 2-benzanthracene. The same | : 2-benzanthranyl-10- 
acetic acid was also obtained by alkaline hydrolysis of 10-cyanomethyl-1 : 2-benzanthracene 
(I; X = CH,°CN), which was formed from the 10-chloromethyl compound by the action 
of potassium cyanide in aqueous acetone or of cuprous cyanide‘in phenylacetonitrile. 

In an attempt to obtain an improved method of preparation of 10-acetyl-1 : 2-benz- 
anthracene, which is probably the meso-acetylbenzanthracene isolated from the products 
of interaction of 1 : 2-benzanthracene and acetic anhydride (Cook and Hewett, J., 1933, 
1408), 1 : 2-benz-10-anthraldehyde was treated with an ethereal solution of diazomethane 
containing methyl alcohol (compare Adamson and Kenner, J., 1939, 181). The product, 
which was different from the meso-acetylbenzanthracene obtained by direct substitution, 
was oxidised by chromic acid to 1: 2-benzanthraquinone, and is probably 1 : 2-benz- 
anthranyl-10-acetaldehyde (I; X = CH,°CHO). 

Dr. Alexander Haddow has carried out tests for growth-inhibitory action with 10- 
substituted benzanthracenes with the following substituents: CH,-OH, CH,°OEt, 
CH,*OAc, CHO, CN, CO,Na, CH,°CH,-OH, CH,°CO,Na, CO-CO,Na, CH(CO,Na)z, 
CH,°CH,°CO,Na, C;H;NCl, C;H,,N,HC1; and also with the following disubstituted 
benzanthracenes: 9: 10-bishydroxymethyl and the corresponding disodium disuccinate, 
9: 10-bisacetoxymethyl, 10-cyano-9-methyl, 9-methyl-10-aldehydo, 10-cyano-6-methy]. 
Of these, only 1 : 2-benz-10-anthraldehyde and sodium 1 : 2-benz-10-anthroate produced a 
characteristic inhibition of growth, of moderate intensity, and a definite inhibitory effect 
was also produced by 10-cyano-l : 2-benzanthracene and 10-cyano-6-methyl-1 : 2-benz- 
anthracene. 

In tests for carcinogenic activity, carried out by Professor E. L. Kennaway, F.R.S., 
malignant tumours have been obtained in mice with the following compounds: 10-hydroxy- 
methyl, 10-acetoxymethyl (but not 10-ethoxymethyl), 9: 10-bishydroxymethyl, and 
9 : 10-bisacetoxymethyl-1 : 2-benzanthracenes. 


EXPERIMENTAL. 


10-Bromo-1 : 2-benzanthracene.—Bromine (8 g.) was slowly added to a solution of 1 : 2-benz- 
anthracene (11-5 g.) in carbon disulphide (150 c.c.). After being kept overnight, the solution 
was evaporated and the residue was recrystallised from acetic acid. The resulting 10-bromo- 
1 : 2-benzanthracene (14-8 g.) was purified through its picrate, which formed blood-red flat 
needles (from acetic acid), m. p. 155-5—156-5° (Found: C, 53-7; H, 2-6. C,,H,,Br,C,H,O,N, 
requires C, 53:7; H, 2-6%). The regenerated 10-bromo-1 : 2-benzanthracene crystallised from 
acetic acid in almost colourless needles or plates, m. p. 147-5—148-5° (Found: C, 70-6; H, 3-7. 
C,,H,,Br requires C, 70-4; H, 3-6%). 

10-Cyano-1 : 2-benzanthracene was obtained when a mixture of the bromo-compound 
(6-5 g.), cuprous cyanide (6-5 g.), and phenylacetonitrile (15 c.c.) was heated at 190—200° for 
6 hours. After the complex had been decomposed with hot hydrochloric acid the nitrile was 
isolated in 85% yleld, and had m. p. 187-5—188-5° (corr.) alone or mixed with a specimen pre- 
pared by dehydration of 1: 2-benzanthracene-10-aldoxime (Fieser and Hartwell, loc. cit.). 
This aldoxime in ethereal solution could not be hydrogenated over a platinum catalyst. 

1 : 2-Benz-10-anthramide (0-5 g.) was obtained when the nitrile (1 g.) was refluxed for 120 
hours with 25% methyl-alcoholic potash (50 c.c.). It crystallised from benzene in colourless, 
microscopic needles, m. p. 218—220° (Found: C, 84-1; H, 5-1. C,gH,,ON requires C, 84-1; 
H, 48%). The nitrile was recovered unchanged after treatment with sulphuric acid in boiling 
acetic acid under conditions which Newman and Orchin (J. Amer. Chem. Soc., 1938, 60, 589) 
used successfully for the preparation of 10-methyl-1 : 2-benz-7-anthroic acid from its nitrile. 
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10-Cyano-1 : 2-benzanthracene failed to react with methylmagnesium iodide, and was not 
reduced by amalgamated zinc and hydrochloric acid in acetic acid solution. 

10-8-Hydroxyethyl-1 : 2-benzanthracene (I; X = CH,°CH,°OH).—In order to obtain a 
Grignard compound of 10-bromo-] : 2-benzanthracene a solution of ethyl bromide (1-2 g.) in 
ether (2 c.c.) was added to a boiling mixture of bromobenzanthracene (3-07 g.), magnesium 
turnings (0-52 g.), anhydrous ether (5 c.c.), and anhydrous benzene (15 c.c.). Boiling was 
continued for 20 hours, and the solution was cooled in ice and treated with ethylene oxide 
(1 c.c.).. After 5 hours the solvents were distilled, and the residue heated on the water-bath 
for 14 hours. The product was decomposed with ice and hydrochloric acid, with addition of 
ether, separated from insoluble material (0-5 g.), and the product recovered from the ether was 
recrystallised from benzene. 10-8-Hydroxyethyl-1 : 2-benzanthracene (0-8 g.) formed almost 
colourless needles, m. p. 181-5—182-5° (Found: C, 87:9; H, 6-0. C, .H,,O requires C, 88-2; 
H, 5'9%). 

Oxidation of an ice-cold solution of 1: 2-benz-10-anthraldehyde (Fieser and Hartwell, 
loc. cit.) (1-5 g.) in pure acetone (200 c.c.) with powdered potassium permanganate (1 g.) was 
complete in 4hours. The resulting 1 : 2-benz-10-anthroic acid was purified through its sparingly 
soluble sodium salt and the free acid (0-5 g.) was recrystallised from dilute acetic acid; it then 
formed almost colourless, microscopic needles, m. p. 219—220°. This was evidently identical 
with the acid, m. p. 220°, obtained by Dansi (loc. cit.) from benzanthracene and oxalyl chloride. 

1 : 2-Benzanthranyl-10-glyoxylic Acid (1; X = CO-CO,H).—Powdered anhydrous aluminium 
chloride (15 g.) was added gradually with ice-cooling to a stirred solution of 1 : 2-benzanthracene 
(11-5 g.) in nitrobenzene (400 c.c.). After $ hour a solution of ethyl chloroglyoxylate (Adickes, 
Brunnert, and Liicker, J. pr. Chem., 1931, 130, 163) (7 g.) in a little nitrobenzene was added 
dropwise to the stirred solution. After 4 hours in the ice-bath the deep blue solution was kept 
overnight at room temperature, decomposed with ice and hydrochloric acid, and the nitro- 
benzene removed in steam. The residual gum was extracted with boiling dilute sodium 
hydroxide solution. The filtered solution deposited on cooling the sodium salt of 1 : 2-benz- 
anthranyl-10-glyoxylic acid (10 g.) which, isolated from its salt and recrystallised from acetic acid 
and then benzene, formed orange-yellow lustrous plates, m. p. 175—176-5° (decomp. ) (Found : 
C, 80-0; H, 3-7. CygH 0; requires C, 80-0; H, 40%). 

A solution of this keto-acid (1 g.) in very dilute sodium hydroxide (400 c.c.) was allowed to 
react overnight with sodium amalgam. The resulting a-hydroxy-1 : 2-benzanthranyl-10-acetic 
acid (0-25 g.) crystallised from benzene—ether in microscopic colourless needles, m. p. 187—191° 
(decomp.) (Found: C, 79-6; H, 5-0. C,9H,,O, requires C, 79-4; H, 47%). Its sodium salt 
was readily soluble in water. Reduction of the keto-acid (1-5 g.) to 1 : 2-benzanthranyl-10- 
acetic acid was effected by 3 hours’ boiling with hydriodic acid (d 1-7; 10-8 g.) and red phosphorus 
(0-9 g.) in acetic acid (10 c.c.). The reduced acid, which was contaminated with 1: 2-benz- 
anthracene, was purified through its sparingly soluble sodium salt, and then crystallised from 
dilute acetic acid in almost colourless, prismatic needles, m. p. 270—274°, after sintering (Dansi, 
loc. cit., describes this acid as an almost white powder, m. p. 273°, softening at 250°). 

10-Cyanomethyl-1 : 2-benzanthracene.—A mixture of 10-chloromethyl-1 : 2-benzanthracene 
(Badger and Cook, Joc. cit.) (2 g.), cuprous cyanide (2 g.), and phenylacetonitrile (10 c.c.) was 
heated at 180—190° for 6 hours, and the product was decomposed with concentrated hydro- 
chloric acid in presence of benzene. The benzene was removed by distillation, and after 2 days 
the phenylacetonitrile solution deposited 10-cyanomethyl-1 : 2-benzanthracene, which crystallised 
from benzene in colourless silky needles (0-5 g.), m. p. 177—178° (Found: C, 89-9; H, 5-0. 
C.,5H,,;N requires C, 89-85; H, 4-9%). The same nitrile (0-7 g.) was also obtained when a 
solution of 10-chloromethyl-1 : 2-benzanthracene (1 g.) and potassium cyanide (1 g.) in acetone 
(100 c.c.) and water (10 c.c.) was boiled for 4 hours. It was hydrolysed to 1 : 2-benzanthranyl- 
10-acetic acid by 20 hours’ boiling with 15% alcoholic potash. 

1 : 2-Benzanthranyl-10-acetaldehyde (?).—Diazomethane (prepared from 5 c.c. of nitroso- 
methylurethane) was added to a suspension of 1: 2-benz-10-anthraldehyde (2 g.) in pure 
methyl alcohol (50 c.c.) and absolute ether (200 c.c.). After 24 hours a further quantity of 
diazomethane (from. 3 c.c. of nitrosomethylurethane) was added and reaction was allowed to 
proceed for another 48 hours. Excess of diazomethane was destroyed by addition of acetic 
acid, the solvents removed, and the resinous residue dissolved in alcohol, from which solution a 
crystalline compound (0-5 g.), m. p. 146—147°, was obtained. This substance evidently con- 
tained the intact ring system of benzanthracene, for it was oxidised to 1 : 2-benzanthraquinone 
by sodium dichromate in boiling glacial acetic acid. The presence of a carbonyl group was 
indicated by semicarbazone-formation. The compound was clearly not the meso-acetyl-1 : 2- 
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benzanthracene, m. p. 105°, of Cook and Hewett (loc. cit.), which has been found not to react 
with semicarbazide. The new compound is provisionally regarded as 1 : 2-benzanthranyl-10- 
acetaldehyde, and after purification through its s-trinitrobenzene complex, which crystallised 
from alcohol in vermilion needles, m. p. 149—150° (Found : C, 65-5; H, 3-9. Cy 9H,,0,C,H,O,N, 
requires C, 65-7; H, 3-6%), it crystallised from alcohol in clusters of colourless needles, m. p. 
150—151° (Found: C, 88-9; H, 5-6. C,H,,O requires C, 88-9; H, 5-2%). The picrate 
crystallised from benzene in feathery brick-red needles, m. p. 138-5—139-5°. Satisfactory 
analytical figures were not obtained (Found: C, 63-2; H, 3-7. C,.H,,0,C,H,;O,N, requires 
C, 62-5; H, 3-4%). 

10-Bromo-9-methyl-1 : 2-benzanthracene was rapidly formed by bromination of 9-methy]l- 
1 : 2-benzanthracene (Cook, Robinson, and Goulden, J., 1937, 393) in cold carbon disulphide. 
It crystallised from benzene in colourless plates, m. p. 122—123° (Found: C, 70-8; H, 4-15. 
C,,H,,Br requires C, 71-0; H, 4-1%). The bromo-compound did not react with pyridine, as 
would be the case if substitution had occurred in the methyl group. Treatment with cuprous 
cyanide in phenylacetonitrile at 190—200° for 6 hours gave 10-cyano-9-methyl-1 : 2-benzanthracene 
(III; X = CN), which crystallised from acetic acid in yellow needles, m. p. 151-5—152° (Found : 
C, 90-15; H, 4-7 C, 9H,,N requires C, 89-85; H, 49%). ~ 

9-Methyl-1 : 2-benz-10-anthvaldehyde (111; X = CHO).—Phosphorus oxychloride (1-1 g.) 
was added to a mixture of formomethylanilide (1-1 g.) and o-dichlorobenzene (1 c.c.). 9-Methyl- 
1 : 2-benzanthracene (1 g.) was then introduced, and the mixture heated on the water-bath for 
24 hours (compare Fieser and Hartwell, loc. cit.). The solution was poured into a solution of 
sodium acetate (5 g.) in water (100 c.c.), and the resinous product digested with a little ether and 
crystallised from acetic acid (charcoal). The aldehyde (0-35 g.) formed long golden-yellow 
needles, m. p. 111-5—112-5° (Found : C, 88-6; H, 5-2. C,),H,,O requires C, 88-9; H, 5-2%). 

10-Bromo-6-methyl-1 : 2-benzanthracene was obtained by bromination of 6-methyl-1 : 2- 
benzanthracene (Cook, J., 1932, 470) in carbon disulphide solution, and formed colourless 
lustrous plates, m. p. 188—139° (Found: C, 70-9; H, 4:1. Cj, sH,,Br requires C, 71-0; H, 
41%). This bromo-compound, which was oxidised by sodium dichromate in boiling glacial 
acetic acid to 6-methyl-1 : 2-benzanthraquinone, was converted by the standard treatment with 
cuprous cyanide in phenylacetonitrile into 10-cyano-6-methyl-1 : 2-benzanthracene (II; X = CN), 
which crystallised from acetic acid in flat yellow needles, m. p. 203-5—204-5° (Found : C, 90-1; 
H, 5:2. C,9H,,N requires C, 89-85; H, 4-9%). 

10-A cetoxymethyl-6-methyl-1 : 2-benzanthracene.—Hydrogen chloride was passed into a 
suspension of paraformaldehyde (0-4 g.) in acetic acid (25 c.c.) until a clear solution was obtained. 
6-Methyl-1 : 2-benzanthracene (2-4 g.) and acetic acid (10 c.c.) were then added and the mixture 
was heated at 60° for 16 hours. The resulting chloromethyl compound was very soluble in 
benzene and could not be obtained crystalline. A washed benzene extract, filtered from 
sparingly soluble by-product, was evaporated, and the residue was boiled for 2 hours with 
potassium acetate (2-5 g.) in acetic acid (50 c.c.). This gave 10-acetoxymethyl-6-methyl-1 : 2- 
benzanthracene (1 g.), which crystallised from alcohol in colourless lustrous needles, m. p. 168-5— 
169-5° (Found: 84-3; H, 5-9. C,,H,,O, requires C, 84-1; H, 5-8%). Hydrolysis of this 
acetate with boiling alcoholic sodium hydroxide gave 10-hydroxymethyl-6-methyl-1 : 2-benz- 
anthracene (II; X = CH,°OH), which formed colourless silky needles (from benzene), decom- 
posing at 220—230°, after sintering (Found: C, 88-0; H, 6-0. (C, 9H,,O requires C, 88-2; 
H, 5-9%). 
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87. Calythrone. 
By A. R. PENFOLD and J. L. SIMONSEN. 


A ketone, calythrone, C,,H,,0,, has been separated from the essential oil obtained 
from Calythrix tetragona. It yields on oxidation with sodium hypobromite in alkaline 
solution bromoform, isovaleric acid and dimethylmaleic anhydride. The ketone 
must therefore be represented by the structure (I). 
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DuRING an investigation of the essential oil from Calythrix tetragona, var. “‘ A,’’ and C. 
virginata from Queensland, extraction with aqueous alkali yielded a sodium salt, from 
which, by decomposition with acid, a yellow oil having the composition C,,H,,0O, was 
obtained: This oil, for which the name calythrone is proposed, gave with ferric chloride an 
intense port-wine coloration and it was characterised by the preparation of the orange 
sodium salt, m. p. 196°, referred to above, a sage-green copper derivative, m. p. 208—210°, 
and a dioxime anhydride, C,.H,,0,N,, m. p. 135°. The general reactions of the ketone 
suggested that it was a 6-diketone, which is a somewhat rare constituent of essential oils, 
since up to the present only three have been described, namely, angustione and dehydro- 
angustione (Penfold, J. Proc. Roy. Soc., New South Wales, 1924, 57, 300; Gibson, Penfold, 
and Simonsen, J., 1930, 1184; Cahn, Gibson, Penfold, and Simonsen, J., 1931, 286) and 
leptospermone (Penfold, J. Proc. Roy. Soc., New South Wales, 1921, 45, 51; Johnson and 
Short, Rep. Austr. Assoc. Sci., 1923, 16, 223; Gardner, J. Soc. Chem. Ind., 1924, 48, 34 T; 
1925, 44, 828 T; Short, tbid., 1926, 45, 967; Briggs, Penfold, and Short, J., 1938, 1193). 
This conclusion appeared at first to be supported by the observation that on oxidation 
with sodium hypobromite in alkaline solution calythrone gave, in addition to bromoform 
‘and isovaleric acid, a crystalline substance, C,H,O,, m. p. 94—95°, which was readily 
volatile in steam, and in very small amount a bromo-acid, C,H,O,Br,, m. p. 129°. The 
substance C,H,O, seemed to be a keto-acid, since it was soluble in aqueous sodium carbon- 
ate and gave a semicarbazone, m. p. 238°, a p-nitrophenylhydrazone, m. p. 214°, and a 2: 4- 
dinitrophenylhydrazone, decomp. 253—255°. Reduction of the substance catalytically gave 
meso-s-dimethylsuccinic acid and by the Clemmensen reagent the d/-acid, these acids being 
identified by direct comparison with authentic specimens and by analysis. On oxidation 
with potassium permanganate a quantitative yield of pyruvic acid was obtained, this acid 
being characterised by its colour reactions (8-naphthol and sodium nitroprusside) and by the 
preparation of the #-nitrophenylhydrazone, m. p. 219—220°, and the 2 : 4-dinitrophenyl- 
hydrazone, m. p. 215—216°. These results suggested that the substance was dimethyl- 
maleic anhydride, m. p. 96°, and a direct comparison with this anhydride and with its 
derivatives showed this to be the case. There can therefore be no doubt that calythrone 
must be represented by the structure (I) and that the 6-diketonic properties which it shows 
are due to the opening of the lactone ring to give (II). 


~~ See cathe sat tos ae 
MeC:CO MeC-CO,H 


It is hoped at a later date to provide a synthetic proof for the structure now advanced. 

As would be anticipated from the triple conjugation, the molecular refraction, [R;]p 
58-78, shows a considerable exaltation over that, 58-15, calculated for (I). 

Analysis of the copper derivative indicates that it must be a co-ordination compound 
derived from (I) without ring fission, but the sodium derivative is a true salt of the diketonic 
acid (II). The dioxime anhydride referred to above, which was only obtained in poor yield, 


is evidently also derived from (II), the dioxime which is first formed losing water with the 
formation of the oxazine (III). 


(I.) (II.) 


C-CH,°C(:NOH)-CH,°CH MeC—C-NR MeC-CO-NHR 
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So far as we are aware the pseudo-ketonic reactions of dimethylmaleic anhydride have 
not been recorded previously. The aqueous solution of the anhydride reacts very rapidly 
with semicarbazide acetate, p-nitrophenylhydrazine acetate and with 2 : 4-dinitropheny]l- 
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hydrazine sulphate to yield crystalline derivatives. These are readily soluble in aqueous 
sodium carbonate and are therefore probably represented by (IV), dissolving in alkali to 
give the salts of (V). If they had the alternative and a priori more probable structure (VI), 
they would be neutral. We suggest, therefore, that these derivatives of dimethylmaleic 
anhydride correspond in structure to the oximes of phthalic anhydride (Brady, Baker, 
Goldstein, and Harris, J., 1928, 529) and that they are not comparable with the cyclic azine 
(VII) prepared by Otto and Holst (J. p7. Chem., 1890, 42, 68) by heating the phenylhydr- 
azine salt of the acid phenylhydrazide of dimethylmaleic anhydride. 

The bromo-acid C,H,O,Br,, obtained only in quantity sufficient for analysis, is probably 
the keto-acid (VIII). 

EXPERIMENTAL. 


The orange sodium salt (4-5 g.), as separated from the essential oil, was suspended in ether 
and decomposed by shaking with dilute sulphuric acid. The ethereal extract was well washed 
with water and dried and the oil (3-3 g.) remaining after removal of the solvent was distilled 
under diminished pressure, b. p. 145—147°/15 mm. _ It was redistilled for analysis, b. p. 
142°/14 mm., dz: 1-0531, n}° 1-5203 (Found: C, 69-6; H, 7-6. C,,H,,O, requires C, 69-2; H, 
7:7%). Calythrone is a pale yellow, mobile oil with an unpleasant odour reminiscent of a lower 
fatty acid. It is acid to litmus and is readily soluble in aqueous ammonia. The sodium salt 
crystallised from water in long, orange-coloured, prismatic needles, m. p. 110—111°, which 
contained solvent, since when dried at 100° the salt became lighter in colour and had m. p. 196° 
(Found: C, 57-8; H, 6-7; Na, 9-6. C,,H,,O,Na requires C, 58-1; H, 6-8; Na, 9-3%). The 
copper derivative, readily prepared by shaking a ligroin solution of the ketone with aqueous 
copper acetate, crystallised from benzene in sage-green needles, m. p. 208—210° [Found: C, 
60-5; H, 6-25. (C,,H,,0;),Cu requires C, 60-3; H, 6-3%]. For the preparation of the dioxime 
anhydride a mixture of the ketone (0-4 g.), hydroxylamine hydrochloride (0-55 g.), and potassium 
hydroxide (0-45 g.) in water (4 c.c.) with sufficient alcohol to give a clear solution was heated on 
the water-bath for 2 hours. Addition of water to the cooled solution precipitated a crystalline 
solid (0-15 g.), m. p. ca. 180°. The anhydride was dissolved in aqueous sodium hydroxide, 
precipitated with carbon dioxide, and recrystallised from water, separating in fine needles, m. p. 
136° (Found: C, 60-9; H, 7-4. C,,H,,0,N, requires C, 60-5; H, 7-5%). 

Oxidation of Calythrone.—To a suspension of the sodium salt (5 g.) in aqueous sodium hydr- 
oxide cooled in ice, a solution of sodium hypobromite (sodium hydroxide 7-5 g.; bromine, 15 g.; 
water, 75 c.c.) was added. Considerable heat was generated and the sodium salt gradually 
dissolved. After 1 hour the bromoform was separated, the excess of hypobromite removed by 
sulphur dioxide, and the solution acidified. An oil separated which partly solidified. After 
saturation with ammonium sulphate, the solution was extracted with ether, the solvent ~ 
evaporated from the dried extract, and the residual oil distilled in steam, the distillate crystallis- 
ing in the receiver. The steam distillate was made alkaline, concentrated, acidified, and 
extracted withether. The oil (2-3 g.) remaining after the removal of the solvent was mixed with 
ligroin (b. p. 40—60°), the solid (A) collected, and the filtrate distilled, yielding an oil, b. p. 
173—176°/770 mm., which was identified as isovaleric acid by the preparation of the p-phenyl- 
phenacy]l ester, m. p. 77—78° both alone and in admixture (Found : C, 76-6; H, 6-8. Calc. for 
CygH 903: C, 77-0; H, 6-7%). The solid (A), m. p. 92°, crystallised from cyclohexane or dilute 
methyl alcohol in fine needles, m. p. 94—95° both alone and in admixture with dimethylmaleic 
anhydride (Found: C, 57-3; H, 5-1. Calc. for C,H,O,: C, 57-1; H, 4-8%). The methyl 
p-phenylphenacyl ester, prepared by treating the anhydride with the phenacyl bromide (1 mol.) 
and the equivalent amount of potassium hydroxide solution and recrystallisation of the product 
from methyl alcohol, was obtained in woolly needles, m. p. 95° (Found: C, 71-6; H, 5:8. 
C,,H,0, requires C, 71:6; H, 57%). The semicarbazone, which formed very rapidly, 
crystallised from water in long prisms, decomp. 238° or, if rapidly heated, 248°. It did not give 
good analytical figures; the two distinct preparations analysed yielded the same result (Found : 
C, 46-6; H, 5-2. C,H,O,N, requires C, 45:9; H, 49%). The p-nitrvophenylhydrazone 
crystallised from dilute acetic acid (50%) in long needles, m. p. 214° (Found: C, 55-1; H, 4-4; 
N, 16-0. C,,H,,0,N, requires C, 55:2; H, 4:2; N, 16-1%). It dissolved in aqueous sodium 
carbonate to give a pale red solution. The 2 : 4-dinitrophenylhydrazone crystallised from ethyl 
acetate in yellow prisms, decomp. 253—255° (Found: C, 47-1; H, 3-4. C,,H,,O,N, requires 
C, 47-0; H, 3-3%). 

The aqueous residue from the steam distillate gave on evaporation an oil (0-2 g.), which partly 
crystallised and was readily soluble in aqueous sodium carbonate. After draining on porous 
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porcelain, the acid crystallised from benzene-ligroin in prisms, m. p. 129° (Found: C, 28-2; H, 
3-1; Br, 53-2. C,H,O,Br, requires C, 28-0; H, 2-6; Br, 53-3%). It did not react with 
carbonyl reagents. 


We are indebtec to Imperial Chemical Industries Ltd. for a grant. 


TECHNOLOGICAL Muszum, SYDNEY, N.S.W. 
UNIVERSITY COLLEGE OF NORTH WALES, BANGOR. [Received, February 2nd, 1940.) 





88. Experiments on the Synthesis of 1: 2-Dimethylcyclohexyl- 
acetic Acid. 


By F. C. Copp and J. L. SmmonsEn. 


One of the theoretically possible forms of dl-1 : 2-dimethylcyclohexylacetic acid (IV) 
has been prepared by the reduction of the lactone (VI). This lactone was obtained by 
the action of methylmagnesium iodide on ethyl 2-keto-l-methylcyclohexylacetate (V). 
The acid (IV) was partially resolved into its optically active enantiomorphs and direct 
comparison of the l-p-phenylphenacyl ester with the p-phenylphenacyl ester of the 
cyclohexyl acid obtained from hydroxyeremophilone benzoate established their identity. 
6-Keto-1 : 2-dimethylcyclohexylacetic acid (III; R = H) also has been synthesised. 


OnE of the grounds for the assignment to eremophilone of the structure (I) (Penfold and 
Simonsen, J., 1939, 87) was the observation that the acid, C,,H,,0., obtained by the reduc- 
tion of the keto-acid, C,9H,,0 3, resulting from the ozonolysis of hydroxyeremophilone 
benzoate, gave on selenium dehydrogenation o-xylene. Since direct comparison showed 
that the dextrorotatory -phenylphenacyl ester of this acid was not identical with the 
ester prepared from d-2 : 2-dimethylcyclohexylacetic acid (Adamson, Marlow, and Simonsen, 
J., 1938, 774), it was obviously desirable to synthesise the isomeric d/-1 : 2-dimethyleyclo- 
hexylacetic acid (IV) and to resolve it into its optical enantiomorphs. It was of course 
recognised that this acid can exist in two dl-modifications. 


CHMe 


yy 
H,¢ CMe-CH,°CO,R 
CH,:CMerC | H Hc CO 


HY Me CMe Xa Yi, 


(I.) ; (III.) 
CHMe CMe*CH,°CO,Et CMe-CH,°CO 


Hc oMe-CH,-CO,H uc Yo Hc eMe— 
H,C CH, H,C CH, rk Ott 


H, H, CH, 
(IV.) (V.) (VI.) 


The most direct method for the synthesis appeared to be the reduction of 6-keto-1 : 2- 
dimethyleyclohexylacetic acid (III, R = H). For this purpose 2 : 3-dimethylcyclohexanone 
(II) was prepared by methods given in the literature (Knoevenagel, Annalen, 1894, 281, 
94; Rabe and Rahm, tbid., 1904, 8382, 13; Ber., 1905, 38, 970; Ké6tz, Blenckermann, 
Mahnert, and Rosenbiisch, Annalen, 1913, 400, 82; Cornubert and Morel, Bull. Soc. chim., 
1931, 49, 1519) with certain modifications. Condensation of the sodio-derivative of this 
ketone with ethyl bromoacetate gave in very poor yield the ester (III, R = Et), which was 
separated from ethyl 2-keto-3 : 4-dimethylcyclohexylacetate by condensation with ethyl 
oxalate as detailed on p. 416. Hydrolysis of the ester gave a mixture of keto-acids, which 
were separated by crystallisation of their semicarbazones. The «-semicarbazone, m. p. 
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197—198°, gave on hydrolysis «-6-keto-1 : 2-dimethylcyclohexylacetic acid (III, R= H), m. p. 
107—108°, and the more soluble 8-sémicarbazone, m. p. 192°, gave on hydrolysis a gum. 
Unfortunately the crystalline acid was insufficient in quantity for further investigation. 

The second and more successful method adopted for the synthesis of the required acid 
(IV) involved the condensation of the sodio-derivative of 2-methylcyclohexanone with ethyl 
bromoacetate to ethyl 2-keto-1-methylcyclohexylacetate (V), which also was formed in poor 
yield. The keto-acid, m. p. 77—78°, obtained by the hydrolysis of the ester was character- 
ised by the preparation of the semicarbazone, decomp. 183°. By treatment of the ester (V) 
with methylmagnesium iodide the lactone (VI), m. p. 73°, was prepared. Unfortunately 
no satisfactory method could be found for the reduction of the lactone to the required acid 
(IV). With the Clemmensen reagent the acid, b. p. 153°/16 mm., was formed in very small 
amount, and with hydriodic acid and red phosphorus at 150° polymerisation occurred. 
The dl-acid, characterised by the preparation of its p-phenylphenacyl ester, m. p. 61—62°, 
was too limited in amount for complete resolution into its optical enantiomorphs. By 
means of the half molecule method a sparingly soluble cinchonidine salt, m. p. 142—143°, 
was prepared; the acid regenerated from this yielded a levorotatory p-phenylphenacyl 
ester, m. p. 65—67°. The d-p-phenylphenacyl ester, prepared from the acid regenerated 
from the mother-liquor from which the cinchonidine salt had been separated, did not melt 
sharply and it could therefore not be compared with the corresponding derivative of the 
acid obtained from hydroxyeremophilone benzoate. The identity, however, of the syn- 
thetic acid and this acid was proved by mixing equal amounts of the synthetic /-p-pheny]l- 
phenacyl ester and the d-ester of the natural acid. This mixture had m. p. 62—63°, both 
alone and in admixture with the synthetic d/-ester. There can in our opinion be no doubt 
that the acid derived from hydroxyeremophilone benzoate is d-1 : 2-dimethyleyclohexyl- 
acetic acid. It follows, therefore, that in eremophilone and hydroxyeremophilone the 
methyl groups must occupy the 1:10-positions and these ketones are not isoprene deriva- 
tives. 


EXPERIMENTAL. 


2 : 3-Dimethyl-A®?-cyclohexenone.—Ethy] 4-keto-2 : 3-dimethyl-A*-cyclohexenecarboxylate (10 
g.) was added to ethyl-alcoholic potassium hydroxide (KOH, 5 g.; alcohol, 30 c.c.) and heated 
under reflux for 12 hours. After saturation with carbon dioxide the mixture was distilled in 
steam; decarboxylation then occurred. The ketone, which passed over with the steam, was 
isolated by ether; it had b. p. 91°/15 mm. (the value, 118—119°/12 mm., given in the literature 
is incorrect) (Found: C, 77-2; H, 9-8. Calc. for C,H,,0: C, 77-2; H, 97%). The semicarb- 
azone had m. p. 225° in agreement with that given by K6tz et al. (loc. cit.). The alkaline solution 
from the steam-distillate was acidified ; the acid, recovered by ether extraction and decomposed 
by distillation under diminished pressure, yielded a further quantity of the ketone (total yield, 
5-6 g.). 

2 : 3-Dimethylcyclohexanone.—The ketone, prepared by the catalytic hydrogenation of the 
unsaturated ketone with a palladium-norit catalyst, had b. p. 181—182°/769 mm., 69—70°/ 
13 mm., in agreement with that, b. p. 78°/29 mm., found by Cornubert and Morel (Joc. cit.) but 
not with that given by K6tz et al. (loc. cit.). The semicarbazone of the ketone was not homo- 
geneous, but a fraction, m. p. 202—203°, was readily obtained. 

6-Keto-1 : 2-dimethylcyclohexylacetic Acid.—A solution of 2 : 3-dimethylcyclohexanone (10 g.) 
in benzene (100 c.c.) was refluxed with finely powdered sodamide (3-1 g.) in a stream of nitrogen 
for 6 hours (mechanical stirring). To the solution, cooled in ice, ethyl bromoacetate (12-5 g.) 
was gradually added and after 1 hour the mixture was heated for 2 hours. Ice was added to the 
cooled solution, the benzene separated, washed with water, and dried, and the solvent removed. 
Distillation of the residual oil under diminished pressure gave a fraction (4 g.), b. p. 140—153°/ 
19mm. Without further purification this ester (5 g.) was added to a well-cooled solution (salt— 
ice) of sodium (0-55 g.) in alcohol (7-5 c.c.) and after the addition of ethyl oxalate (3-6 g.) the 
whole was kept at 0° for 17 hours. The mixture was poured on ice, the oil (A) dissolved in ether, 
and the aqueous alkaline solution acidified. The oil which separated was dissolved in ether, 
the solvent removed from the dried extract, and the residual oil (5 g.) distilled under diminished 
pressure. After decomposition was complete the oil (2-2 g.) had b. p. 160—180°/16 mm, A 
further small quantity (0-5 g.) of the ester was obtained when the oil (A) was again treated with 
ethyl oxalate. 
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The ester (8 g.) was hydrolysed by digestion with dilute sulphuric acid (10%; 25 c.c.), the 
resulting acid (3 g.) being a viscid oil. It was mixed with an excess of aqueous semicarbazide 
acetate; the gummy solid which separated was collected, washed with ether to remove resinous 
impurities, and crystallised from methyl alcohol. The less soluble a-semicarbazone separated 
in highly iridescent prisms, m. p. 197—198° (Found: C, 55-2; H, 7-8. C,,H,,0,N, requires 
C, 54-8; H, 7-9%); a more readily soluble 8-semicarbazone was obtained from dilute methyl 
alcohol in stout prisms, decomp. 192° after softening at 187° (Found: C, 55-0; H, 8-1%). 
Hydrolysis of the «-semicarbazone with dilute sulphuric acid gave «-6-keto-1 : 2-dimethylcyclo- 
hexylacetic acid, which crystallised from dilute methyl alcohol or dilute acetone in soft needles, 
m. p. 107° (Found: C, 65-3; H, 8-3. C,,H,,O, requires C, 65-2; H, 8-7%). The acid from 
the B-semicarbazone was a gum and was not further examined. 

The ester which did not react with ethyl oxalate, namely, ethyl 2-keto-3 : 4-dimethylcyclo- 
hexylacetate, b. p. 148—145°/16 mm., was redistilled for analysis; b. p. 144°/16 mm. (Found : 
C, 68-2; H, 9-7. C,,H,..O, requires C, 67-9; H, 9-4%). 

Condensation of 2-Methylcyclohexanone with Ethyl Bromoacetate. Ethyl 6-Keto-5-carbethoxy- 
2-methylcyclohexylacetate and 2-Keto-\1-methylcyclohexylacetic Acid.—To a suspension of finely 
powdered sodamide (25 g.) in ether (500 c.c.), 2-méthylcyclohexanone (70 g.) was added, and the 
mixture heated in a current of nitrogen for 5 hours (mechanical stirring). Ethyl bromoacetate 
(90 g.) was added to the cooled solution, and the reaction mixture heated for 5 hours. The 
condensation product (50 g.), isolated in the usual manner, had b. p. 130—155°/21 mm., giving 
on refractionation a main fraction, b. p. 130—145°/16 mm. After treatment with ethyl oxalate 
in the manner previously described, the keto-ester was obtained as a somewhat viscid oil, b. p. 
170—190°/20 mm., giving a purple coloration with alcoholic ferric chloride (Found: C, 62-5; 
H, 8-5. C,,H,,O, requires C, 62-2; H, 8-1%). 

Hydrolysis of the ester with dilute sulphuric acid (10%) gave 2-keto-1-methvicyclohexylacetic 
acid, which, after isolation by ether, was obtained as acrystalline cake. For purification it was 
converted into the semicarbazone, which crystallised from methyl alcohol in feathery needles, 
decomp. 182° (Found: C, 53-0; H, 7-1. Cy H,,0O,N; requires C, 52-9; H, 7-5%). The acid, 
obtained from the semicarbazone by hydrolysis with dilute sulphuric acid, crystallised from 
cyclohexane or dilute methyl alcohol in well-formed prisms, m. p. 77—78° (Found: C, 63-8; 
H, 8-1. C,H,,O, requires C, 63-5; H, 8-2%). The ethyl ester had b. p. 142°/19 mm. (Found : 
C, 66-8; H, 9-2. C,,H,,0, requires C, 66-7; H, 9-1%). Treatment of the ethyl ester with 
isoamyl formate in ethereal solution in the presence of sodium gave the hydroxymethylene 
derivative as an oil, which developed a purple coloration with ferric chloride. The semicarbazone 
crystallised from dilute methyl alcohol in leaflets, m. p. 151°, analysis showing that alcoholysis 
had occurred with the formation of the isoamyl ester (Found: C, 59-6; H, 8-3. C,,H,,O,N, 
requires C, 59-1; H,°8-3%). An analogous alcoholysis has been recorded by Bhagvat and 
Simonsen (J., 1927, 87). 

Lactone of 6-Hydvoxy-1 : 2-dimethylcyclohexylacetic Acid.—Methylmagnesium iodide (from 
magnesium, 1-34 g.) in ether (60 c.c.) was added gradually to a well-cooled solution of ethyl 
2-keto-1-methylcyclohexylacetate (10 g.) in ether (60 c.c.). After being kept overnight, the 
reaction mixture was heated under reflux for 4 hour and cooled, and the Grignard compound 
decomposed with ice and dilute hydrochloric acid. The dried ethereal extract was evaporated, 
and the residual oil hydrolysed with methyl-alcoholic potassium hydroxide (KOH, 4g.). After 
removal of the alcohol the aqueous solution was acidified, and the oil (6-5 g.) extracted with 
ether. For purification the crude lactone (17 g.) was mixed with an excess of aqueous semicarb- 
azide acetate and after 2 days the semicarbazone of the unchanged keto-acid (5 g.) was collected 
and washed with ether to remove adhering oil. The filtrate, together with the ethereal washings, 
was distilled in steam, and the distillate made alkaline with sodium hydroxide, concentrated, 
acidified, and extracted with ether. The ethereal extract was washed with dilute aqueous 
sodium carbonate, which removed an acid (1 g.), the éxtract dried, and the solvent evaporated. 
The lactone (7 g.) rapidly crystallised in nacreous needles, which could not be recrystallised. 
After pressing on porous tile it had m. p. 73° (Found: C, 70-8; H, 9-6. C, 9H,,O, requires 
C, 71-4; H, 9-5%). 

dl-1 : 2-Dimethylcyclohexylacetic Acid.—The lactone (7 g.) was digested with amalgamated 
zinc (40 g.) and hydrochloric acid (200 c.c.) for 24 hours and then distilled in steam. The 
distillate was made alkaline, concentrated, acidified, and extracted with ether. The ethereal 
extract was washed with aqueous sodium carbonate, dried, and evaporated, yielding unchanged 
lactone (5-5 g.). Acidification of the sodium carbonate solution gave dl-1 : 2-dimethylcyclo- 
hexylacetic acid (1 g.) as an oil, b. p. 153°/16 mm. (Found: C, 70-5; H, 10-6. C, 9H,,O, requires 
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C, 70-6; H, 10-6%). The p-phenylphenacyl ester crystallised from methyl alcohol in rosettes 
of leaflets, m. p. 61—62° (Found: C, 79-5; H, 7:9. C,,H,,0, requires C, 79-1; H, 7-7%). 
In admixture with the d-ester from hydroxyeremophilone benzoate or with the synthetic 
l-ester (see below) the m. p. was 62—64°. 

The acid (0-45 g.) was mixed with 0-894n-sodium hydroxide (1-47 c.c.) and cinchonidine 
(0-338 g.) with sufficient methyl alcohol to give a clear solution on warming. The cinchonidine 
salt (0-55 g.) crystallised on keeping and was purified by two crystallisations from ethyl acetate, 
from which it separated in matted needles, m. p. 141—142°, [a] 54g, —95° in chloroform (c, 1-06) 
(Found: N, 6-0. Cy9H,,02,C;,H,,ON, requires N, 6-0%). The acid, regenerated from the 
cinchonidine salt, was converted into the p-phenylphenacyl ester, which crystallised from methyl 
alcohol in leaflets, m.p. 65—67°, [«] 54g, —6° in ethyl acetate (c, 4-0)* (Found : C, 79-4; H, 7-6%). 
This ester (2 mg.) was mixed in ether with an equal weight of the d-ester prepared from hydroxy- 
eremophilone benzoate. After evaporation of the solvent the mixture had m. p. 62—63° both 
alone and in admixture with the dl-ester described above. 

The alkaline solution from which the cinchonidine salt had been separated was acidified, 
and the acid recovered and converted into the p-phenylphenacyl ester, which crystallised from 
methyl alcohol in leaflets, m. p. 62—65°, [a] 54g; +8° in ethyl acetate (c, 3-64)* (Found : C, 79-2; 
H, 7:6%). 


We are indebted to Imperial Chemical Industries Limited for a grant. 


UNIVERSITY COLLEGE OF NORTH WALES, BANGOR. [Received, February 2nd, 1940.] 





89. Resolution of dl-A?-cycloGeranic Acid. 
By D. J. Bennett, G. R. RAMAGE, and J. L. SIMONSEN. 


dl-A?-cycloGeranic acid has been resolved into its optically active enantiomorphs 
for comparison with an acid, C,,H,,O,, m. p. 83°, obtained by the action of alkali on 
1-A3-carene-5 : 6-epoxide. The acids were not identical. 


By the action of cold ethyl-alcoholic potassium hydroxide on’ /-A*-carene-5 : 6-epoxide 
an acid, C, 9H,,0., m. p. 83°, was obtained and it was suggested (J., 1939, 1501) that this acid 
might be one of the optically active modifications of A*-cyclogeranic acid. This acid has 
now been resolved by the half-molecule method by means of cinchonine and cinchonidine. 
The d- and the l-acid have m. p. 104°, [«];44, + 395-7°, and neither of them can therefore 
be identical with the acid prepared from the epoxide. It is hoped that it may prove 
possible later to determine the structure of this acid. 


EXPERIMENTAL. 


Geranic acid was most conveniently prepared from citral by Bernhauer and Forster’s 
method (J. pr. Chem., 1936, 147, 199). The acid, b. p. 160—161°/20 mm., 435° 0-9594, 25° 
1-4839, probably consisted essentially of the tvans-acid and it readily gave a crystalline 
p-phenylphenacy]l ester, m. p. 78—79°. The acid was prepared also by the dehydration of ethyl 


hydroxygeranate with either potassium hydrogen sulphate or acetic anhydride, followed by 


hydrolysis with alkali. These acids had somewhat different physical constants, 435: 0-9662— 
0-9644, n° 1-4783—1-4725; df 0-9710, n° 1-4988. Whilst the former gave the crystalline 
p-phenylphenacy] ester, m. p. 78—79°, in small yield, the latter gave only traces and it seems 
probable that geranic acid prepared from the hydroxy-ester consists largely of the cis-form, a 
view in accord with the somewhat higher density. 

dl-A*-cycloGeranic acid (12-7 g.), prepared by the cyclisation of geranic acid with formic 
acid (Bernhauer and Forster, loc. cit.), in methyl alcohol (60 c.c.) was mixed with 0-894n-sodium 
hydroxide (43-2 c.c.) and cinchonine (11-16 g.), and the hot filtered solution kept for 24 hours. 
A cinchonine salt (10 g.) crystallised in needles, m. p. 201—204°, sintering at 180°, [a] 546; 
— 9-8° in chloroform (c, 4-244). Two crystallisations from methyl alcohol gave the pure salt 


* The rotatory powers of the ~-phenylphenacyl esters were kindly determined for us by Dr. L. N. 


Owen, They must be regarded as only very approximate, since they were made in a $ dm. micro-tube 
with ca, 20 mg. of the ester in 0-5 c.c. of solvent. 
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of constant rotatory power in rosettes of soft needles, m. p. 204—206°, sintering 183°, 
[] sag: — 15-4° in chloroform (c, 4-015) (Found: C, 75-8; H, 8-4; N, 6-3. CoH ,0,,C,sH,,ON, 
requires C, 75:3; H, 8-2; N, 61%). The l-acid, regenerated from the salt, crystallised from 
ligroin (b. p. 60—80°) in massive prisms, m. p. 104°, [a] 54g, — 395-7° in ethyl alcohol (c, 4-865) 
(Found: C, 71-3; H, 9-4. CyH,,O, requires C, 71-4; H, 9°5%). 

The acid (7-9 g.) regenerated from the soluble cinchonine salt had [a] 5.4, + 200° in ethyl 
alcohol (c, 4:15). This acid (7-4 g.), in hot methyl alcohol (20 c.c.), was mixed with 0-894 
n-sodium hydroxide (11-6 c.c.) and cinchonidine (9-8 g.); on keeping, the cinchonidine salt 
(13-5 g.) crystallised in needles, m. p. 150°. After three recrystallisations from acetone—methyl 
alcohol the pure salt, which was very sparingly soluble in acetone, separated in hair-like needles, 
m. p. 157—158°, [a]sag, + 81:1° in chloroform (c, 3-28) (Found: C, 75-7; H, 84. 
C4 9H 1¢02,C9HggON, requires C, 75:3; H, 82%). The d-acid, regenerated from the salt, 
crystallised from ligroin (b. p. 60—80°) in prisms, m. p. 104°, [a] 54g, + 395-7° in ethyl alcohol 
(c, 4-84) (Found: C, 71-4; H, 9-6%). 


We are indebted to Imperial Chemical Industries Ltd. for a grant. 


UNIVERSITY COLLEGE OF NORTH WALES, BANGOR. [Received, February 2nd, 1940.) 





90. Amino-acid and Peptide Esters of Choline as Possible Analogues 
of the Oxytocic Hormone of the Posterior Lobe of the Pituitary Gland. 
Part I. 


By J. Masson GULLAND, MAURICE W. PARTRIDGE, and SYDNEY S. RANDALL, 


A survey of the chemistry of the oxytocic hormone suggests as a plausible 
hypothesis that it may be a peptide ester of choline, in which one of the amino-acid 
radicals is cystine, others being possibly tyrosine and arginine. The synthesis of such 
esters is therefore of interest, and in order to explore the available methods, various acyl 
and amino-acyl esters of choline and its homologue, methyl-$-hydroxyethyldiethyl- 
ammonium hydroxide, have been prepared, and the oxytocic activity of some of them 
tested. 


ALTHOUGH the isolation in the pure state of the oxytocic hormone of the posterior lobe of 
the pituitary gland has not yet been accomplished, our knowledge of its chemistry suggests 
as one plausible hypothesis that it may be a peptide ester of choline (I), in which one at 
least of the amino-acid radicals is cystine and others are possibly tyrosine and arginine. 
The evidence is outlined below. 


[-SCHy:CH(NH,)CONH-CH-CO-NH‘CH‘CONH . . . CO-O-CHyCHyNMey OH} 
HO-H,C,°CH, [(CH,],.NH-C(:NH)-NH, ‘ 
(I) 


Du Vigneaud, Sealock, Sifferd, Kamm, and Grote (J. Biol. Chem., 1933, 100, xciv) 
isolated tyrosine and cystine from the hydrolysis products of highly active preparations, 
and Stehle and Fraser (J. Pharm. Exp. Ther., 1935, 55, 136) obtained the same amino-acids 
and also arginine from similar sources. Gulland and Randall (Biochem. J., 1935, 29, 378, 
391), Freudenberg, Weiss, and Biller (Z. physiol. Chem., 1935, 238, 173) and Sealock and du 
Vigneaud (J. Pharm. Exp. Ther., 1935, 54, 433) showed that the molecule almost certainly 
contains a disulphide linkage, and Gulland and Randall (loc. cit., p. 378; Chem. and Ind., 
1936, 55, 442) demonstrated the presence of a redox system of which the potential corre- 
sponds to that of the disulphide-sulphydryl system. The last-named authors also found 
some indication of the possible presence of a second redox system with a different potential. 
The results obtained by Gulland (Biochem. J., 1933, 27, 1218) in studying the action of 
nitrous acid on the hormone are consistent with the presence of amino-, guanidino-, and 
disulphide groups. The peptide character of the molecule was advocated by Stehle and 
Fraser (loc. cit.) and is supported by the close association of the hormone with proteoses 
and peptones (Gulland and Lucas, Biochem. J., 1935, 29, 2208) and by the association of 
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the as yet unidentified plant and animal enzymes which inactivate the hormone with the 
proteolytic enzymes (Gulland and Macrae, Biochem. J., 1933, 27, 1237, 1383). 

Electrodialysis (Freeman, Gulland, and Randall, Biochem. J., 1935, 29, 2211; Das, 
Ghosh, and Guha, Z. physiol. Chem., 1936, 238, 131) and electrophoresis (du Vigneaud, 
Irving, Dyer, and Sealock, J. Biol. Chem., 1938, 123, 45) demonstrated that the hormone 
is itself a base or is adsorbed on a basic substance. Freudenberg and Biller (Naturwiss., 
1936, 24, 523) showed that active preparations contain combined choline, and the p,- 
stability curve of the hormone (Gaddum, Biochem. ]., 1930, 24, 939) bears some resemblance 
to that of acetylcholine. 

Dialysis experiments proved that the molecular weight of the hormone is relatively 
small (Smith and McClosky, J. Pharm. Exp. Ther., 1924, 24, 391; Kamm, Science, 1938, 
67, 199; Gulland and Macrae, Biochem. J., 1933, 27, 1383 ; Freeman, Gulland, and Randall, 
loc. cit. : Das, Ghosh, and Guha, Joc. cit.). 

In the light of this convergent evidence it was of interest to synthesise esters of choline 
in which the acyl groups are amino-acid or peptide radicals; moreover, such compounds 
may prove to be of biological importance in other connections. When this work was 
begun in 1935 the only example of this type of compound was glycyl choline (Dudley, J., 
1921, 119, 1256), but subsequently Freudenberg and Keller (Ber., 1938, 71, 329), with the 
same objective as ours in view, prepared the glycyl, dl-alanyl, dl-leucyl, and d/-valyl esters 
of choline by the interaction of 6-dimethylaminoethanol with the appropriate azido-acyl 
chloride, conversion into the choline and reduction of the azido-group. The present 
communication records three other methods of synthesis which we have investigated with a 
view to determining the most suitable procedure for the preparation of esters of more 
complex constitution. 

(1) The direct combination by heating a mixture of the amino-acyl chloride hydro- 
chloride and choline chloride confirmed Dudley’s preparation of glycyl choline, now isolated 
as the chloride hydrochloride, and yielded glycylglycyl choline chloride hydrochloride. The 
method broke down, however, when attempts were made to apply it to the aparine of 
leucylglycyl and leucylglycylglycyl choline. 

(2) The $-bromoethyl ester of carbobenzyloxycystine, prepared by esterification of 
bromohydrin with carbobenzyloxycystinyl chloride, and also the todoethyl ester, obtained 
similarly from iodohydrin, reacted smoothly with trimethylamine to give carbobenzyloxy- 
cystinyl choline bromide and iodide (II) respectively. As an alternative, the iodide was 
obtained by the interaction of the bromoethyl ester with dimethylamine, followed by 
‘conversion of the resulting dimethylaminoethyl ester (III, R = -CH,°S*S-CH,°) into the 
methiodide. 


[SCH CH-CO-0-CH, CHy NMe,1) NH-CO-0-CH,Ph 
NH-CO-0-CH,Ph R-CH-CO-0-CH,°CH,"NMe, 
(II.) (III.) 


(3) The procedure considered to be the most generally suitable of the three which 
we have investigated for the synthesis of amino-acyl and peptidyl esters of choline is the 
interaction of the carbobenzyloxy-aminoacyl or peptidyl chloride with 6-dimethylamino- 
ethanol, the conversion of the resulting ester (III) into the methiodide, and removal of the 
carbobenzyloxy-group with phosphonium iodide (Harington and Mead, Biochem. J., 1935, 
29, 1602). By these methods were prepared benzoyl, lauryl, and dithiodiglycollyl choline 
todides, phenylalanyl choline iodide hydriodide (IV), cysteyl choline iodide hydriodide (V), 
the compounds forming the appropriate intermediate synthetic stages, and various related 
substances obtained by similar reactions in which §-diethylaminoethanol was the starting 
material in place of the dimethyl derivative. 


CH,Ph-CH(NH,I)CO-O-CH,*CH,-NMe,I  HS-CH,*CH(NH,I)-CO-O-CH,*CH,*NMe,I 
(IV.) (Vv.) 


Considerable difficulty was experienced in handling many of these compounds on 
account of their poor powers of crystallisation and their extraordinarily hygroscopic 
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character; in several cases mere exposure of the solid substance to the atmosphere for a 
few seconds was sufficient to convert it into a viscous oil. 

The oxytocic activity was tested by means of the isolated uterus of the virgin guinea- 
pig. Neither dithiodiglycollyl nor phenylalanyl choline caused any contraction of the 
muscle at dilutions up to 1 in 50,000 in the testing bath. Relatively small doses (1 in 
200,000) of lauryl choline caused slight contraction, but larger doses seemed to be toxic 
and to diminish the response to a simultaneous dose of the hormone. Cysteyl choline and 
cystinyl choline had very slight activity and caused some contraction at dilutions of 1—2 
in 100,000, but no estimation of the activity was possible. 


EXPERIMENTAL. 


Glycyl Choline Chloride Hydrochloride.—A mixture of choline chloride (0-3 g.) and glycyl 
chloride hydrochloride (0-3 g.) was heated in an evacuated tube for 4 hours at 100°. When 
cold, the solid was ground with absolute alcohol (5 c.c.), collected, and converted into the chloro- 
platinate (0-51 g.), m. p. 238°, by the addition of 5% platinic chloride solution (15 c.c.) to a 
solution in 50% alcohol (10 c.c.). The chloroplatinate in water (80 c.c.) at 37° was decomposed 
by hydrogen sulphide, and, after being filtered, the solution was concentrated to small volume 
under reduced pressure, mixed with absolute alcohol, and again evaporated, the process being 
repeated until crystalline glycyl choline chloride hydrochloride (0-15 g.), m. p. 241—242°, separated 
(Found in material dried at 100°: Cl, 30-1. C,H,,0,N,Cl,HCl requires Cl, 30-4%). It formed 
a flavianate and rufianate insoluble in 50% alcohol, but the latter salt could not be used for the 
isolation, since decomposition with barium hydroxide also destroyed the choline. 

When the condensation of choline chloride and glycyl chloride hydrochloride was carried 
out as described above for 6 hours and the product was dissolved in water (15 c.c.) and mixed 
with picrolonic acid (1 g.) in alcohol (15 c.c.), the picrolonate (0-85 g.) separated and was collected 
and washed. It was decomposed by extraction with ether of a solution in water (50 c.c.) 
containing 2N-hydrochloric acid (2 c.c.). The aqueous solution was worked up as before to 
yield glycyl chloride hydrochloride (0-23 g.), m. p. 241°. 

Glycylglycyl Choline Chloride Hydrochloride——A mixture of choline chloride (0-3 g.) and 
glycylglycyl chloride hydrochloride (0-45 g.) was heated in an evacuated tube for 6 hours at 
100°, and the product was dissolved in water (5 c.c.) and mixed with picrolonic acid (1-1 g.) in 
alcohol (20 c.c.). The picrolonate (0-75 g.) was collected after remaining for 2 hours at 0° 
and decomposed by extraction with benzene of a solution in warm water (75 c.c.) containing 
2n-hydrochloric acid (1-5 c.c.). The aqueous layer was evaporated to dryness under reduced 
pressure, and the residue repeatedly evaporated with absolute alcohol. Glycylglycyl choline 
chloride hydrochloride (0-2 g.) separated in colourless needles, m. p. 128—130° (Found in material 
dried at 100° under reduced pressure: Cl, 20-6. C,H,,0,N,;Cl,HCI1,3H,O requires Cl, 20-6%). 
When heated at 120° under reduced pressure, this substance lost hydrogen chloride as well as 
water. 

Methyl-B-benzoyloxyethyldiethylammonium Iodide, PheCO-O-CH,-CH,*NEt,MeI.—When methyl 
iodide (3-6 g.) was added to 8-diethylaminoethyl benzoate (b. p. 173°/28 mm.; hydrochloride, 
m. p. 125°; Chem. Zénir., 1906, II, 1226) (2-0 g.) in dry benzene (10 c.c.), the iodide separated in 
crystalline form, and to complete the reaction the mixture was left overnight at 0°; smaller 
yields were obtained when the mixture was heated under reflux. The iodide (2-8 g.) crystallised 
from alcohol-ether (1 : 1) in colourless rhombic prisms, m. p. 128°, which were soluble in water, 
acetone and methyl acohol but insoluble in non-ionising solvents (Found in material dried at 
100°: N, 3-8; I, 35-0. C,,H,,O,NI requires N, 3-8; I, 35-0%). 

The chloride was prepared by shaking with glass beads a mixture of the iodide (2-0 g.) and 
freshly prepared dry silver chloride in warm absolute alcohol for 30 minutes. After filtration, 
the solution was evaporated to dryness below 40°, and the semi-solid residue dissolved in the 
minimum amount of warm,dry alcohol. Ether was added in drops until a precipitate began to 
separate, and the mixture was cooled thoroughly to effect crystallisation; the procedure was 
then repeated. The chloride (1-5 g.) formed colourless, very hygroscopic, rhombic prisms, 
m. p. 129° (Found in material dried at 100°: C, 61-9; H, 84. C,,H,,O,NCl requires C, 61-8; 
H, 8-1%). i 

8-Diethylaminoethyl Laurate.—Lauryl chloride (5-0 g.) was added gradually to an ice-cold 
solution of anhydrous §-diethylaminoethanol (2-7 g.) in dry chloroform (20 c.c.), and the solution 
was washed repeatedly with saturated sodium bicarbonate solution until the washings were free 
from chloride. The chloroform solution, dried with potassium carbonate, was evaporated below 

FF 











422 Gulland, Partridge, and Randall: 


35°, and the residual oily ester (6-3 g.) was distilled, b. p. 194°/12 mm. It dissolved readily 
in organic solvents. The hydrochloride, prepared by passing dry hydrogen chloride into a 
solution of the base in light petroleum, crystallised from toluene in colourless needles, m. p. 
109°, which dissolved in water and organic solvents except light petroleum (Found in material 
dried at 80°: C, 64:0; H, 11-6. C,,H,,O,N,HCl requires C, 64-3; H, 11-3%). 

Methyl-8-lauryloxyethyldiethylammonium. Iodide, CH,°[CH,},9*CO°-O-CH,°CH,-NEt,Mel.—- 
Diethylaminoethyl laurate (2-0 g.) and methyl iodide (2-0 g.) were mixed, and next day. the 
crystalline mass was crystallised three times from benzene. The iodide (2-5 g.) formed colourless 
silky needles, m. p. 70° (Found in material dried at 50°: N, 3-5; I, 28-6. C,.H,O,NI requires 
N, 3-2; I, 28-8%). It dissolved in alcohol and ether but not in light petroleum, and its aqueous 
solution readily formed a lather. 

Benzoyl Choline Iodide.—B-Dimethylaminoethyl benzoate was prepared by the addition 
in drops during 15 minutes of benzoyl chloride (6-3 g.) to §-dimethylaminoethanol (40 8-) 
(Ingold and Rogers, J., 1935, 722) in dry chloroform (20 c.c.) cooled in ice. After remaining 
at room temperature for 30 minutes, the mixture was washed repeatedly with saturated aqueous 
sodium bicarbonate solution until the washings were free from chloride. The chloroform 
solution was washed with water, dried with potassium carbonate, and evaporated, and the 
residual ester distilled at 142—144°/20 mm. The hydrochloride, prepared by passing dry 
hydrogen chloride into a solution of the base in light petroleum, crystallised from absolute 
alcohol in colourless hygroscopic needles, m. p. 151° (Chem. Zenir., 1907, II, 1464; m. p. 148°). 

The colourless crystalline solid which separated when (-dimethylaminoethyl benzoate 
(1-8 g.) and methyl iodide (5-3 g.) were mixed in dry benzene was collected after 15 minutes, 
washed with benzene, and crystallised from absolute alcohol. The iodide (2-95 g.). formed 
leaflets, m. p. 243-——244° (decomp.), which were readily soluble in water and insoluble in ether 
and benzene (Found in material dried at 100°: N, 4:3; I, 37-7. C,,H,,O,NI requires N, 4-2; 
I, 37-9%). 

The chloride (Fourneau and Page, Bull. Soc. chim., 1914, 15, 544) was prepared by shaking 
a mixture of the iodide (1-0 g.) and freshly precipitated, dried silver chloride (0-5 g.) im warm 
absolute alcohol for 30 minutes in presence of glass beads, and concentrating the filtered solution 
under reduced pressure below 35°. The chloride (0-7 g.) which separated was 
from ether—alcohol (1 : 1), forming colourless hygroscopic needles, m. p. 206—207° (decomp.), 
which dissolved readily in water and alcohol but not in acetone (Found in material dried at 
100°: N, 5-9; Cl, 14-6. Calc. forC,,H,,O,NCl: N, 5-8; Cl, 146%). 

8-Dimethylaminoethyl laurate (2-0 g.), prepared from (§-dimethylaminoethanol (0°82 g.) 
and lauryl chloride (2-0 g.) as described in the case of the diethyl homologue, was a 
colourless oil, b. p. 193—194°/13 mm. The hydrochloride, prepared in the usual way and 
crystallised from benzene, formed colourless hygroscopic needles, m. p. 143—144° (Found in 
material dried at 100°: N, 4-6. C,H 3,0,N,HCl requires N, 4-6%). 

Lauryl choline iodide, Me*[CH,},).°CO-O-CH,°CH,"NMe,I (0-6 g:) (Fourneau and Page, 
loc. cit.), prepared by mixing methy] iodide (1-0 g.) and 6-dimethylaminoethy] laurate (0-5 g.) in 
dry benzene at 0°, crystallised from benzene in colourless: needles, m. p. 161—162°, which 
formed a lather in aqueous solution (Found in material dried at 100°: N, 3-5; I, 30-6. Cale. 
for C,,H;,0,NI: N, 3:4; I, 30-7%). 

A solution of the chloride, prepared from the iodide (0-2 g.) and fresh, dry silver chloride 
(0-1 g.) in warm absolute alcohol, was filtered, concentrated under reduced pressure, and mixed 
with dry ether until crystallisation began. The chloride which separated was 
from ether—alcohol, forming long, extremely deliquescent needles, m. p. 54° (Found in material 
dried at 40°: N, 4-4; Cl, 10-8. C,,H,,O,NCI requires:N, 4-4; Cl, 110%). 

Dithiodiglycollyl Choline Iodide, (*S*CH,*CO»O-CH,°CH,"NMe,1),.—Finely powdered phos- 
phorus pentachloride (11-5 g.) was added in portions during 30 minutes to a stirred solution of 
dithiodiglycollic acid (5-0 g.) in dry ether (25 c.c.) cooled in an ice-salt mixture and protected 
from moisture. The mixture was left in ice for 30 minutes, and the liquid then filtered through 
sintered glass without exposure to air, and evaporated as completely as possible under reduced 
pressure at 10°. The residue was thoroughly extracted with three successive portions of dry 


light petroleum at 10° to. remove phosphorus oxychloride, the residual dithiodiglycolly] chloride: 


(3-8 g.) being a pale yellow oil which could be neither crystallised nor distilled. It decomposed! 
rapidly and was therefore prepared immediately before use. It was characterised as the di- 
anilide. A solution of the chloride (1-0 g.) in dry ether (10 c.c.) was dropped into a solution of 
aniline (1-7 g.; 2 mols.) in dry ether (10c.c.) cooled in ice. Next day the ether was distilled, 

and the residue extracted with water to remove aniline hydrochloride. The dianilide (1-49 g.) 
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crystallised from alcohol in yellow needles, m. p. 164° (Found in material dried at 100°: S, 
19-3. Calc. for C,gH,,0,N,S,: S, 19:3%). Beckurts and Frerich (J. pr. Chem., 1902, 66, 172) 
record m. p. 160—161°. 

Di-(6-dimethylaminoethyl) dithiodiglycollate was prepared as follows: (a) Dithiodiglycolly] 
chloride (2-0 g.) in dry chloroform (10 c.c.) cooled to 0° was dropped into a stirred solution of 
6-dimethylaminoethanol (1-7 g.) in dry chloroform (10 c.c.) at 0° during 30 minutes. The 
mixture separated into two layers, and after remaining at 0° overnight it was extracted with 
three portions (20 c.c. each) of saturated aqueous ammonium carbonate solution. The chloro- 
form solution was washed with water, dried with sodium sulphate, and freed from solvent 
below 35° under reduced pressure. The ester (0-7 g.) remained as a brown oil. 

(b) A mixture of dithiodiglycollic acid (3-0 g.) and §-dimethylaminoethanol (7-0 g.) in dry 
tetrachloroethane (30 c.c.) was saturated with dry hydrogen chloride at room temperature 
and then maintained at 80° for 5-5 hours in a stream of hydrogen chloride. The mixture 
separated into two layers, and was shaken with successive portions (30 c.c. each) of ammonium 
carbonate solution until the aqueous layer contained neither chloride nor disulphide (potassium 
cyanide-sodium nitroprusside test). The tetrachloroethane solution was washed with water, 
dried, and freed from solvent under reduced pressure. The ester (4-0 g.) remained as an oil. 

Attempts to purify the ester failed; it did not crystallise, and decomposed when distilled 
under reduced pressure; and the picrolonate, flavianate, rufianate, and picrate were oils. 

When methyl iodide (2 c.c.) was added to the ester (0-6 g.) in dry benzene (10 c.c.), the di- 
iodide separated as a yellow viscous oil. The benzene was decanted, and the residue precipitated 
twice from a concentrated methyl-alcoholic solution by the addition of ether and then dissolved 
in the minimum quantity of warm methyl alcohol. Anhydrous ether was added cautiously 
until the solution became cloudy. When the solution was left at 0° for 2 days, the di-iodide 
separated as opaque, yellowish-white, globular masses; recrystallised from alcohol, it formed 
colourless nodules (0-45 g.), m. p. 156—157°, which dissolved readily in water and methyl 
alcohol, were less easily soluble in alcohol, and insoluble in ether, benzene, and chloroform (Found 
in material dried at 100°: S, 10-7; I, 40-9. C,,H,,O,N,1I,S, requires S, 10-5; I, 41-7%). It 
gave the qualitative test for the disulphide group with potassium cyanide and sodium nitro- 
prusside. 

Methyl-8-glycyloxyethyldiethylammonium Dirufianate, 

C,,H,0,S,NH,°CH,°CO-O’CH,°CH,NEt,Me’C,,H,0,S. 

— The §-diethylaminoethyl ester of carbobenzyloxyglycine was prepared by dropping 6-diethyl- 
aminoethanol (1- *8 g.) into carbobenzyloxyglycyl chloride (3-4 g.) (Bergmann and Zervas, Ber., 
1932, 65, 1192) in dry chloroform (20 c.c.). After remaining overnight at 0°, the mixture was 
extracted repeatedly with saturated sodium bicarbonate solution, and the chloroform 
layer was washed with water, dried, and freed from solvent; the ester (1-5 g.) remained 
as a gum which did not crystallise and yielded an amorphous picrate, picrolonate, and rufianate. 
The methiodide (1-1 g.), formed when methyl iodide (1-9 g.) was added to the ester (1-0 g.) in 
dry benzene, was also a gum, which did not crystallise and yielded an amorphous picrate, 
flavianate and rufianate. 

Phosphonium iodide (0-9 g.) was added to a solution of the methiodide (0-9 g.) in glacial 
acetic acid (10 c.c.) at 45°, and the mixture was maintained at this temperature while a stream 
of dry hydrogen was bubbled through it for 10 hours until carbon dioxide ceased to be evolved, 
as shown by the precipitation of barium carbonate from baryta water. Acetic acid and benzyl 
iodide were evaporated below 50° under reduced pressure, and the residue was dissolved in warm 
absolute alcohol. The iodide hydriodide resisted all attempts to crystallise it, and was 
converted into the dirufianate, which separated from alcohol in bright red, irregular crystals, 
m., p. 259—260° (decomp.) after becoming brown at 230—235° (Found in material dried at 100° : 
S, 7:7. Cg7Hyg01,.N,S, requires S, 7-7%). 

Di-(8-diethylaminoethyl)carbobenzyloxycystine Dimethiodide, 

[*S*CH,*CH(NH*CO-O-CH,Ph)*CO-O-CH,CH,*NEt,Mel],. 
—The ester, prepared in the usual way from carbobenzyloxycystinyl chloride (2-8 g.) (Bergmann 
and Zervas, loc. cit.) and 8-diethylaminoethanol (1-21 g.), was a viscous oil (2-65 g.) which dis- 
solved in organic solvents but could not be crystallised and yielded an amorphous picrate, 
picrolonate, flavianate, and rufianate. 

The dimethiodide separated as a cream-coloured solid when methyl iodide (2 c.c.) was added 
to the ester (2-65 g.) in dry benzene (25 c.c.) and the mixture was left overnight at 0°. It was 
collected on sintered glass protected from moisture, washed with benzene, precipitated with 
anhydrous ether from a concentrated solution in dry methyl alcohol, collected in absence of 
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moisture, and at once transferred to a vacuum desiccator. The dimethiodide (2-26 g.) formed 
a colourless, very deliquescent powder which at once became sticky on exposure to the atmos- 
phere. When heated, it melted at 67—77°, evolved gas at about 92°, and finally charred at 
150° (Found in material dried at 60°: C, 39-2; H, 5:7; N, 4-9; loss at 110° in a vacuum over 
phosphoric oxide, 8-2. C3,H;,0,N,1,S,,5H,O requires C, 39-8; H, 6-1; N, 5-2; loss, 8-3%). 
It dissolved readily in water and methyl alcohol, less readily in alcohol, and was insoluble in 
ether. The dimethopicrate and dimethorufia nate were amorphous. 

B-Bromoethyl Carbobenzyloxycystine, [*S*CH,*CH(NH*CO-O-CH,Ph)*CO-O-CH,°CH,Br],.— 
Carbobenzyloxycystinyl chloride (4-1 g.) was added gradually during 30 minutes to a solution 
of bromohydrin (1-53 c.c.} and dry pyridine (2-6 c.c.) in dry chloroform (35 c.c.) at 10°. After 
the mixture had remained at room temperature for 30 minutes, it was boiled for 2 minutes, 
extracted successively with n/2-hydrochloric acid and Nn/2-sodium carbonate, washed with 
dilute sodium chloride solution (to avoid emulsification when water is used), dried, and freed 
from solvent. The partially crystalline residue (5-1 g.) was extracted repeatedly with dry 
ether until no more dissolved, and the ether evaporated; the residue crystallised when seeded. 
Two recrystallisations from a mixture (2:1) of benzene and light petroleum (b. p. 60—80°) 
yielded the ester (1-6 g.) as colourless needles, m. p. 86—88°, which were readily soluble in 
organic solvents (Found in material dried at 75° over phosphoric oxide: C, 43-5; H, 4-4; Br, 
22-0. C,,.H;,0,N,Br,S, requires C, 43-3; H, 4-2; Br, 22-1%). 

The £-iodoethyl ester was prepared similarly from iodohydrin. 

Carbobenzyloxycystinyl Choline Iodide (II).—(i) A solution of the §-bromoethyl ester of 
carbobenzyloxycystine (0-9 g.) and dimethylamine (1-0 g.) in dry benzene (5 c.c.) was heated 
in a sealed tube at 60° for 24 hours. The contents of the tube were evaporated under reduced 
pressure on the water-bath, the residue dissolved in ether, and the solution extracted with 
n-hydrochloric acid. The extract was made alkaline with sodium carbonate and extracted 
with ether, care being taken that the acid and the alkaline solution were kept cool throughout. 
When dried and distilled, the ethereal solution yielded 6-dimethylaminoethyl carbobenzyloxy- 
cystine (0-4 g.) as an oil which defied attempts to crystallise it. A solution of the ester (0-35 g.) 
and methyl iodide (1 c.c.) in dry ether (3-5 c.c.) was left at room temperature for 24 hours. 
The di-iodide (0-43 g.) separated in crystalline state, and when recrystallised from alcohol formed 
leaflets, m. p. 140—142° (Found in material dried at 75°: C, 41-7; H, 5-4; N, 6-3. 
C3,H,,0O,N,1,S, requires C, 41-3; H, 5-1; N, 60%). 

(ii) A mixture of B-iodoethyl carbobenzyloxycystine (0-9 g.) and a 10% trimethylamine 
solution in benzene (3 c.c.) was heated in a sealed tube for 3 hours at 60°. The oily residue 
obtained by removal of the benzene hardened when stirred with ther, and the di-iodide 
crystallised from alcohol. The dibromide, prepared similarly from the 8-bromoethyl ester, 
was extremely deliquescent and melted unsharply at 235°. 

(iii) Carbobenzyloxycystinyl chloride (2-0 g.) was added in portions during 15 minutes toa 
stirred solution of 6-dimethylaminoethanol (0-66 g.) in dry chloroform (30 c.c.) at 0°. After 
remaining at 0° overnight, the mixture was shaken with 5% ammonium carbonate solution 
until no more chloride was extracted, and the chloroform layer was washed, dried, and evapor- 
ated below 35° under reduced pressure. §-Dimethylaminoethyl carbobenzyloxycystine 
remained as a gum (2-0 g.) which did not crystallise and yielded an amorphous picrate, picrolon- 
ate, flavianate, rufianate, and chloroplatinate. 

The dimethiodide separated as a colourless solid when methyl iodide (2-8 g.) was added to 
the ester (1-6 g.) in dry chloroform (10c.c.). It was collected without exposure to the atmosphere 
and purified by adding a concentrated methyl-alcoholic solution to a large excess of dry ether. 
The di-iodide formed extremely hygroscopic leaflets, which sintered at 64°, melted at 70—79° 
with evolution of gas, and charred at 150° (Found in material dried at 50°: S, 6-7; I, 25-5. 
C32H,,0,N,1,S,,2H,O requires S, 6-6; I, 26-1%). It immediately became sticky when exposed 
to the air, and dissolved readily in methyl alcohol, but sparingly in water, acetone, and alcohol. 

Cysteyl Choline Iodide Hydriodide (V).—A mixture of phosphonium iodide (1-0 g.) and 
carbobenzyloxycystinyl choline iodide (1-0 g.) in acetone (50 c.c.) was maintained at 40° in a 
current of dry hydrogen under reflux until carbon dioxide ceased to be evolved (10 hours). The 
resulting solution was concentrated to small volume under reduced pressure at room temper- 
ature, and the residue was stirred with ether, purified by repeated precipitation from dry alcoholic 
solution with dry ether, and finally dried over phosphoric oxide ina vacuum. Air was excluded 
as far as possible in these processes. Cysteyl choline iodide hydriodide (0-65 g.) formed very 
hygroscopic, cream-coloured flakes, which sintered at 74—75°, melted at 83—85° with evolution 
of gas, and charred at 150° (Found in material dried at 50°: S, 6-3; N, 4:9. C,H,,0,N,I,S,3H,O 
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requires S, 6-2; N, 5-4%). The qualitative test for sulphydryl with sodium nitroprusside was 
positive. The picrate, rufianate, and picrolonate were amorphous. 

When oxygen was bubbled through an alcoholic solution of the iodide and the alcohol was 
evaporated in a desiccator, cystinyl choline iodide hydriodide remained as a glass which gave 
the qualitative test for the disulphide, but not the sulphydryl, group. It was readily soluble 
in methyl and ethyl alcohols and in warm water, from which it separated, on cooling, as an oil. 
It was insoluble in ether, chloroform, and ethyl acetate and did not crystallise from mixtures of 
these solvents with the alcohols. It is perhaps worthy of note, as a coincidence or otherwise, 
that solutions of the cysteyl and the cystinyl compound have a marked and persistent cat-like 
smell, similar to that of flowering currant, and that the evolution of a similar odour characterises 
all extractions of posterior lobe pituitary powder. 

Carbobenzyloxyphenylalanyl Choline Iodide.—Carbobenzyloxyphenylalanyl chloride (1-0 g.) 
(Bergmann and Zervas, loc. cit.) was added gradually to a stirred solution of 8-dimethylamino- 
ethanol (0-42 g.) in dry ether (10 c.c.) cooled in ice. Next day the mixture was shaken with 
5% ammonium carbonate solution until no more chloride was extracted, and the ethereal 
solution was washed, dried, and evaporated under reduced pressure. §-Dimethylaminoethyl 
carbobenzyloxyphenylalanine (0-7 g.) was an oil which did not crystallise. 

When methyl iodide (1-5 g.) was added to a solution of the ester (1-0 g.) in dry ether (10 c.c.), 
the methiodide separated ; it was purified by repeated precipitation from dry alcoholic solution 
with dry ether. The iodide was a colourless, very hygroscopic powder which immediately 
became a gum on exposure to the air (Found in material dried at room temperature: C, 52-0; 
H, 6-1. C,,H,,O,N,I requires C, 51-5; H, 5-7%). It sintered at 45—48°, melted at 59—62°, 
evolved gas at 169°, and charred at 190°. The picrate, flavianate, and rufianate were amorphous. 

Phenylalanyl Choline Iodide Hydriodide (IV).—A mixture of phosphonium iodide (1-0 g.) 
and carbobenzyloxyphenylalanyl choline iodide (1-0 g.) in dry acetone (50 c.c.) was maintained 
at 45° under reflux in a stream of dry hydrogen for 8 hours until carbon dioxide ceased to be 
evolved. The solution was evaporated to dryness under reduced presssure, and the residue 
was stirred thoroughly with dry ether and purified by repeated precipitation from dry alcoholic 
solution with dry ether. The iodide hydriodide (0-57 g.) formed a very deliquescent, amorphous 
solid, which dissolved in water, alcohol, and acetone (Found in material dried at room temper- 
ature: C, 36-1; H, 5-6; I, 42-8. C,,H,,;0,N,I,HI,2C,H,°OH requires C, 36-1; H, 6-0; I, 
42.4%). It sintered at 40—50°, melted with evolution of gas at 80—83°, and charred at 200°. 

The chloride hydrochloride, prepared by the action of fresh, dry silver chloride (0-2 g.) on the 
iodide hydriodide (0-2 g.) in warm alcohol, was an extremely deliquescent, colourless powder 
(Found in material dried at room temperature: C, 52-2; H, 8-3. C,,H,,0,N,Cl,HCl requires 
C, 52-0; H, 7-4%). 
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91. The Structure and Synthesis of Beckeol. 
By G. R. RamaceE and W. J. I. Stowe. 


Beckeol has been synthesised and shown to have structure (II). It is closely 
related to aspidinol and other synthetic substances known to possess anthelmintic 
properties. 


THE essential oils from various species of Myrtace@, more especially Beckea crenulata and 
Darwinta grandiflora, contain a phenol, beckeol, C;;H,,0, (Penfold and Morrison, J. Proc. 
Roy. Soc., New South Wales, 1922, 56, 87), which was examined by Penfold and Simonsen 
(bid., 1938, 71, 291) and considered to be (I). An attempt to synthesise it failed owing to 
difficulty in the preparation of 2: 4: 6-trimethoxybenzyl alcohol (Ramage, Simonsen, 
and Stowe, J., 1939, 89). It was suggested by Professor Simonsen that the phenol was 
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possibly represented by (II) and the synthesis of this substance has shown this to be 


correct. 
CH,°0-CH,°CMe:CH, Me Me 
MeO H Me OH ~ ' Me OH 
O-CHMe, 
Me Me OMe 
(I.) (II.) (III.) 


The new formulation satisfies the degradation of beckeol on fusion with sodium ethoxide 
to methylphloroglucinol dimethyl ether (III) and on oxidation with hydrogen peroxide 
in alkaline solution to isobutyric acid. It has not been possible to prove the presence 
of a carbonyl group, since the phenol was recovered unchanged after treatment with 
hydroxylamine, semicarbazide or 2: 4-dinitrophenylhydrazine. Baum (Ber., 1895, 28, 
3207), Meyer (ibid., 1896, 29, 830) and others have shown that ketones substituted in the 
two ortho-positions frequently do not yield oximes or hydrazones. 

Karrer (Helv. Chim. Acta, 1919, 2, 466) has prepared many compounds closely related 
to (II), ¢.g., phlorotsobutyrophenone (IV) from phloroglucinol and isobutyronitrile, but no 
ketonic derivatives are recorded. By substituting methylphloroglucinol it has been possible 
to isolate methylphloroisobutyrophenone (V), m. p. 160—161°. Since beckeol itself is not 
affected by an ethereal solution of diazomethane, (V) has been similarly treated; the 
resulting dimethyl ether crystallised in pale yellow needles, m. p. 102—103°, and gave an 
acetyl derivative, m. p. 73°, identical respectively with beeckeol and its acetyl derivative. 
Methylation of only two of the hydroxyl groups in (V) occurs, but it is almost certain that 
(II) would result. 2 

e 


HO/ \OH HO H 
(IV.) O-CHMe, O-CHMe, ‘VY 


H H 
EXPERIMENTAL. 

Methylphloroisobutyrophenone.—Dry hydrogen chloride was passed for 12 hours into a well- 
stirred ice-cold mixture of methylphloroglucinol (5 g., dried at 100° for 1 hour), isobutyronitrile 
(5 g.), and finely powdered anhydrous zinc chloride (3 g.) in dry ether (100 c.c.). After standing 
for 48 hours at room temperature, the ether was decanted, and the dark red viscous oil washed 
twice with dry ether before being decomposed by warming with water (300 c.c.). The solution 
was neutralised with aqueous ammonia, heated on the sand-bath for 30 minutes, treated with 
charcoal, and filtered. On cooling, methylphloroisobutyrophenone crystallised, and a further 
quantity was obtained by extracting the mother-liquor with ether, dissolving the red oil, 
remaining after removal of the solvent, in hot water (20 c.c.), and allowing the solution to cool. 
The total product (2-6 g.), recrystallised from water, formed light brown needles, m. p. 160— 
161° (Found: C, 57:8; H, 6-9; H,O, 8-0. C,,H,,0O,,H,O requires C, 57-9; H, 7-0; H,O, 
79%). After drying in a vacuum at 100°, the anhydrous substance had m. p. 161—162° 
(Found : GC. 62-7; H, 6-6. C,,H,,0O, requires oe 62-8; H, 6-7%). 

Methylphloroisobutyrophenone Dimethyl Ether (II).—The above anhydrous phenol (2-2 g.) 
was treated in ether with an ice-cold ethereal solution of diazomethane. Nitrogen was rapidy 
evolved and after 1 hour the ether and the excess of diazomethane were distilled. The residual 
dark red oil was stirred with cold dilute aqueous sodium hydroxide (beckeol is very sparingly 
soluble in cold alkali), and the resulting solid (0-5 g.) filtered off, sublimed under reduced pressure, 
and crystallised from methyl alcohol; it formed faintly yellow, long needles, m. p. 102—103°, 
both alone and in admixture with natural beckeol (Found: C, 65:2; H, 7-7. Calc. for 
C,;3H,,0,: C, 65:5; H, 7-5%). The acetate, prepared by digesting the phenol with acetic 
anhydride and a drop of pyridine, crystallised from aqueous methyl alcohol in prisms, m. p. 73°, 
not depressed by the acetate of beckeol (Found: C, 64-0; H, 7-3. Calc. for C,;H,,O,: C, 
64:3; H,7-1%). 


The authors thank Prof. J. L. Simonsen, F.R.S., for his interest and Imperial Chemical 
Industries Ltd. for a grant. 
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92. 1:3: 8-T'rihydroxyanthraquinone. 
By W. K. AnsLow, J. BREEN, and H. RAIsTRICcK. 


Emodic acid, obtained by the oxidation of Frangula-emodin, is smoothly decarb- 
oxylated by heating with copper chromite and quinoline and gives, in good yield, 
1:3: 8-trihydroxyanthraquinone, which has hitherto been difficult to prepare. 
1:3: 8-Triacetoxy- and 1 : 3: 8-trimethoxy-anthraquinone are also described. 


DuRING an examination of the colouring matters present in the mycelium of a strain of 
Penicillium cyclopium Westling, which proved to be w-hydroxyemodin (4 : 5 : 7-trihydroxy- 
2-hydroxymethylanthraquinone) and emodic acid (4: 5 : 7-trihydroxyanthraquinone-2- 
carboxylic acid) (Anslow, Breen, and Raistrick, Biochem. J., 1940, 34, 159), and before the 
identity of the emodic acid was established by direct comparison with a synthetic specimen,” 
it was considered desirable to decarboxylate this substance. This end was achieved by 
heating with a mixture of quinoline and copper chromite, a method originally described for 
the decarboxylation of acids by Kinney and Langlois (J. Amer. Chem. Soc., 1931, 58, 2189), 
and used by Charles, Raistrick, Robinson, and Todd (Biochem. J., 1933, 27, 499) to de- 
carboxylate helminthosporic acid (4 : 5 : 8-trihydroxyanthraquinone-2-carboxylic acid). 

The decarboxylation product from emodic acid, which must be 1 : 3 : 8-trihydroxy- 
anthraquinone if Frangula-emodin is accepted as 4:6: 7-trihydroxy-2-methylanthra- 
quinone, has been described previously in a very imperfect fashion in spite of its importance 
in relation to Frangula-emodin and Aloe-emodin and the many naturally occurring hydroxy- 
anthraquinones related to these substances. Oecsterle (Arch. Pharm., 1912, 250, 301) 
converted rhein (4 : 5-dihydroxyanthraquinone-2-carboxylic acid) into the acid chloride, 
acid amide and amine and this substance gave, on diazotisation, a small yield of a hydroxy- 
anthraquinone, m. p. 277—278°, acetate, m. p. 197—-198°, which Oesterle believed to be 
1:3: 8-trihydroxyanthraquinone. Eder and Hauser (Helv. Chim. Acta, 1925, 8, 126), 
following a synthesis of Frangula-emodin by Eder and Widmer (ibid., 1923,6, 966), attempted 
unsuccessfully to decarboxylate its oxidation product, emodic acid, in order to determine 
which of the two possible trinydroxymethylanthraquinones which may theoretically arise 
by their method of synthesis was in fact formed. They succeeded, however, in oxidising 
Frangula-emodin 7-methyl ether (physcion) to the corresponding carboxylic acid, which was 
degraded through the acid chloride, acid amide and amine to give, after diazotisation and 
demethylation, a small yield of a hydroxyanthraquinone, m. p. 275°, which was shown by 
direct comparison to be identical with Oesterle’s hydroxyanthraquinone. No analyses of 
the supposed trihydroxyanthraquinone or its acetate were given either by Oesterle or by 
Eder and Hauser. 


EXPERIMENTAL. 


Frangula-emodin (5 g., m. p. 255°, supplied by Schering-Kahlbaum A.G. Berlin) was 
acetylated at 60° for $ hour with acetic anhydride (50 ml.) containing 2% by volume of con- 
centrated sulphuric acid. The crude triacetylemodin (7-0 g., m. p. 193—195°) was oxidised 
by the method described by Fischer and Gross (J. pr. Chem., 1911, 84, 376) and yielded tri- 
acetylemodic acid (6-0 g., m. p. 218—219°), which was hydrolysed, without purification, by 
heating for 2 hours at 100° with 2n-sodium hydroxide (300 ml.) in an atmosphere of nitrogen. 
The alkaline solution was acidified with 2n-hydrochloric acid (400 ml.) and heated at 100° for 
1 hour to coagulate the orange gelatinous precipitate of emodic acid, which was filtered off, 
washed free from chlorides, and dried. This product was crystallised from glacial acetic acid 
(800—900 ml.) and gave emodic acid (4-1 g.) as deep orange needles containing 1 mol. of acetic 
acid of crystallisation, m. p. 364—365°. 

Decarboxylation of Emodic Acid.—Emodic acid (4-1 g.) was heated in an oil-bath at 225— 
230° for 4 hours with a mixture of pure quinoline (40 ml.) and the copper chromite catalyst (1 g.) 

according to the method of Adkins and Folkers (J. Amer. Chem. Soc., 1931, 58, 1092), 
a slow stream of oxygen-free nitrogen being passed during the reaction. The decarboxylation 
mixture was cooled, poured into 2n-hydrochloric acid (800 ml.), and boiled. After cooling, the 
precipitate was separated by filtration, washed, and dried (3-8 g.). The filtrate and washings were 
extracted with ether and this extract was used for the extraction (Soxhlet) of the precipitate, 
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On removal of the solvent there remained 2-7 g. of only slightly impure 1 : 3: 8-trihydroxy- 
anthraquinone, m. p. 285—287°, which was purified by conversion into its acetate. 

1:3: 8-Triacetoxyanthraquinone.—The crude 1 : 3: 8-trihydroxyanthraquinone (2-7 g.) was 
acetylated with acetic anhydride and concentrated sulphuric acid and the resulting acetate 
was crystallised first from glacial acetic acid and then from ethanol, forming fine, pale yellow 
needles, m. p. 194—195° (Oesterle, loc. cit., gives 197—-198°) (Found : C, 62-9; H, 3-8; CH,°CO, 
33-7. Calc. for CygH,,0,: C, 62-8; H, 3-7; 3CH,°CO, 33-89%). 

1:3: 8-Trihydroxyanthraquinone.—1 : 3 : 8-Triacetoxyanthraquinone (1-86 g.) was hydro- 
lysed with 2N-sodium hydroxide (75 ml.) in the same way as was described for the hydrolysis of 
triacetylemodic acid (see p. 427). The resulting 1 : 3: 8-trihydroxyanthraquinone (1-22 g.) 
crystallised from ethyl acetate in golden-brown elongated plates, m. p. 287—-288° (Oesterle, 
loc. cit., gives 277—278°; Eder and Hauser, loc. cit., 275°) (Found: C, 65-5; H, 3-2. Calc. 
for C,4H,O,;: C, 65-6; H, 3-15%). The quinone dissolves in cold concentrated sulphuric acid 
and gives a reddish-orange solution, which is somewhat less red than that given by emodin. 
It is readily soluble in the cold in 2% sodium carbonate solution, N-sodium hydroxide, and 
2n-ammonia, the solutions all being red but with an increase in blue shade in the order given. 
It is insoluble in cold 2% sodium bicarbonate solution. 

1: 3: 8-Tvimethoxyanthraquinone.—A mixture of 1 : 3: 8-trihydroxyanthraquinone (0-27 g.), 
acetone (10 ml.), and methyl sulphate (5 ml.) was boiled, and 2n-sodium hydroxide (25 ml.) 
added in portions to maintain an alkaline reaction. The product (0-23 g.) which separated on 
cooling was crystallised from ethanol (norit). 1:3: 8-Tvimethoxyanthraquinone forms large 
greenish-yellow plates, m. p. 195—196° (Found: C, 68-3; H, 4:7; OMe, 30-7. C,,H,,0, 
requires C, 68-4; H, 4-7; 30Me, 31-2%). It is insoluble in N-sodium hydroxide, but dissolves 
in cold concentrated sulphuric acid to give a red solution, with a shade of blue, which is quite 
different from that given by 1: 3: 8-trihydroxyanthraquinone. 

Emodic acid from Penicillium cyclopium Westling (0°5035 g.), freed from acetic acid of 
crystallisation, was decarboxylated in a similar way to that described above (see p. 427). The 
nitrogen issuing from the decarboxylation tube was passed through n/10-barium hydroxide. 
Carbon dioxide was absorbed equivalent to 92-7% of the theoretical quantity. The resulting 
hydroxyanthraquinone, on acetylation, gave 1 : 3 : 8-triacetoxyanthraquinone in yellow needles, 
m. p. 192—193°, not depressed by the synthetic specimen, m. p. 194—195° (Found: C, 62-7; 
H, 3-7%). On hydrolysis of the acetate, 1 : 3 : 8-trihydroxyanthraquinone, m. p. and mixed 
m. p. 288°, identical in its properties with the synthetic specimen, was obtained. 


We desire to thank the Chemistry Research Board of the Department of Scientific and 
Industrial Research for a research grant. 
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93. Studies in the Amino-Sugars. Part II. The Action of Dilute 
Alkali Solution on N-Acylglucosamines. 


By THEODORE WHITE. 


N-Acylglucosamines, after treatment with hot dilute alkali solution, give a red- 
purple coloration with Ehrlich’s reagent. It has been suggested that this is due to 
the presence, in the reaction mixture, of heterocyclic derivatives formed by elimin- 
ation of a molecule of water and consequent linkage of the N-acyl chain with the 
reducing group of the amino-sugar derivative concerned. The author has investigated 
the reaction and it is concluded that, under the influence of hot dilute alkali solution, 
N-acetylglucosamine forms a glucoxazoline, whereas N-a-bromopropionylglucosamine 
forms a glucoxazine. 


Ear.Ly postulates regarding glucopeptides led to much work on N-acylglucosamines 
with a view to applying the knowledge so gained to investigations on glucopeptides of this 
sugar. N-Acetylglucosamine was first prepared by Breuer (Ber., 1898, 31, 2193) and a 
convenient method of preparation was described by Zuckerkandl and Messiner-Klebermass 
(Biochem. Z., 1931, 286, 19). The N-a«-halogenoacylglucosamines were discussed by 
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Weizmann and Hopwood (Proc. Roy. Soc., 1913, A, 88, 433) and by Bertho, Holder, 
Meiser, and Huther (Amnalen, 1931, 485, 127). Irvine and Earl (J., 1922, 121, 2376) 
condensed glucosamine with salicylaldehyde to form an anil, and Bergmann and Zervas 
(Ber., 1931, 64, 975) utilised the corresponding anisylideneglucosamine for the synthesis 
of N-acylglucosamines and glucopeptides of glucosamine. The latter, like some of the 
earlier workers, prepared N-a«-halogenoacylglucosamines with a view to their conversion 
into glucopeptides of glucosamine. The results were complicated by the extraordinary 
capacity of glucosamine and its N-acyl derivatives for internal interaction between the 
hydroxylic reducing group and the amino-group in the free sugar, or the N-acyl side 
chain in the latter derivatives. This, in some cases, led to the formation of heterocyclic 
amino-sugar derivatives. 

The postulate that glucosamine derivatives could, by intermolecular interaction, 
give rise to heterocyclic derivatives was first propounded by Irvine and Hynd (J., 1912, 
101, 1128; 1913, 103, 41; 1914, 105, 698), who, while investigating various glucosaminides, 
observed them to display an abnormal resistance to acid hydrolysis. It was suggested 
in this and later work by Irvine and Fyfe (J., 1914, 105, 1642) and Hynd and McFarlane 
(Biochem. J., 1926, 20, 1264) that free glucosamine and glucosaminides have a betaine 
structure, but recent work by Moggridge and Neuberger (J., 1938, 745) indicated that the 
concept of the existence of a four-membered heterocyclic ring is not in this case justified. 

Weizmann and Hopwood (loc. cit.) attempted to form glucopeptides by ammonia 
treatment of N-a-bromoacylglucosamines, but obtained products which were indicated 
by Bertho, Holder, Meiser, and Huther (loc. cit.) to have heterocyclic ring formulations 
resulting from intermolecular reaction brought about by the reagent. 

Muller (Z. Biol., 1901, 42, 564), after heating penta-acetyl glucosamine with dilute 
potassium hydroxide solution, found that an intense red-purple colour was produced on 
the addition of Ehrlich’s reagent. Zuckerkandl and Messiner-Klebermass (loc. cit.) 
utilised this observation for the estimation of glucosamine, and suggested that, when 
N-acetylglucosamine is heated with dilute alkali solution, the aldehyde group reacts 
with the N-acetyl side chain (I) to form the pyrroline derivative (II), which, with Ehrlich’s 
reagent, gives the colour characteristic of pyrroles. 


CH=-CH Gt fcone ee CH, 


CHO CH CO C-CH, CCH, 
CH-NH-CO-CH, |NNH/ ANH S\NH/ 
GOH Grow Cron GrOH 
CH-OH CH-OH CH-OH CH-OH 
CH,°OH CH,-OH CH,-OH CH,-OH 

(I.) (II.) (III.) (IV.) 


Pauly and Ludwig (Z. physiol. Chem., 1922, 121, 170) had obtained the pyrrole deriv- 
atives of glucosamine (III and IV) by a different route and both these products gave a 
positive Ehrlich test. 

Morgan and Elson (Biochem. J., 1934, 28, 998) and Morgan (ibid., 1936, 30, 909), dis- 
cussing the estimation of N-acetylglucosamine, suggested that alkali caused the sugar 
to react in the enolic form (V) and to be converted, by elimination of water, into the 
glucoxazole (VI) or the glucoxazoline (VII), the product giving rise to the colour with 


Ehrlich’s reagent. - 
H 

(H-OH f a: ‘CH, H_ CCH, 
(-N:C(OH)-CH, \NZ \NZ 
CH-OH —» CH-OH H-OH 
(H:OH CH-OH H-OH 
CH-OH CH-OH H 

CH,OH CH,°OH CH,°OH 


(V.) (VI.) (VII.) 
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Morgan (Chem. and Ind., 1938, 57, 1191) found a wide variety of N-acylglucosamines 
to be capable of giving a positive Ehrlich test after alkali treatment. This was par- 
ticularly important in the case of N-benzoyl- and N-trimethylacetyl-glucosamine, both 
of which are structurally capable of the above oxazole or oxazoline formation but not 
of pyrroline formation. 

A close analogy is seen in the work of Wenker (J. Amer. Chem. Soc., 1935, 57, 1079; 
1938, 60, 2152) on the formation of oxazolines (IX) from N-acyl-8-amino-alcohols (VIII). 


Hy 

(vii)  CH,OH -uo R’CH CR (IX) 
R’CH-'NH‘COR——> \7Z% 
N 


(R = CH, orC,H;, R’ = aliphatic hydrocarbon chain.) 


Alternatively, Morgan (loc. cit.) suggested that two molecules of an N-acylglucosamine 
may condense to form a diglucopyrazine. This possibility must be admitted in view of 
the claim of Stolte (B.Ph.P., 1907, 11, 19) to have produced bistetrahydroxybutyl- 
pyrazine from glucosamine. 

It seems clear, therefore, that glucosamine and its derivatives exhibit a pronounced 
tendency to give rise, by inter- and intra-molecular reaction, to heterocyclic derivatives 
of unusual type. In view of the possible existence of similar heterocyclic formations in 
proteins and of the importance of carbohydrates in the natural processes of protein 
synthesis, this behaviour of the amino-hexose merits further investigation. 

: (i) The Action of Dilute Alkali Solution on N-Acetylglucosamine.—The method of 
Zuckerkandl and Messiner-Klebermass (loc. cit.) for the preparation of N-acetylglucos- 
amine has been modified and improved to give a 97% yield. The product, after heating 
with dilute alkali solution, gives a red-purple colour with Ehrlich’s reagent. The present 
work was undertaken with a view to deciding whether this was due to the presence in 
the reaction mixture of a glucopyrroline, glucoxazole, glucoxazoline, or diglucopyrazine. 
The hygroscopic non-crystalline nature of those derivatives which may be presumed 
to possess the heterocyclic formulation and their great lability to acid and moderately 
concentrated alkali solution rendered impossible the use of many of the normal methods 
of carbohydrate chemistry. Much of the accumulated evidence is therefore of a cir- 
cumstantial character, but it appears to confirm the assumption that on treatment with 
dilute alkali solution N-acetylglucosamine acquires a heterocyclic configuration, and 
requires that the heterocyclic ring so formed is of the oxazoline type. 

Dr. Morgan has informed me of a method he has employed for the isolation of the 
chromophoric heterocyclic product present in the reaction mixture and the method has 
been utilised, with slight modifications, in the present work. At room temperature, 
dilute alkali solution produced no effect on N-acetylglucosamine, but at the boiling point 
the solution rapidly acquired the capacity of giving a positive Ehrlich test, the change 
being accompanied by some degradation of the sugar molecule. The degree of con- 
version of N-acetylglucosamine into the chromophoric substance was followed by the 
colorimetric method of Morgan and Elson (loc. cit.) and was found to be proportional to 
the amount of alkali present, up to one molecular equivalent. Two preparations, one 
containing an amount of 0-02N-potassium hydroxide constituting one equivalent of the 
N-acetylglucosamine present, the other containing one-fifth the amount of alkali, were 
treated identically. Colorimetric estimation indicated 100% final conversion in the first 
case and 20% in the second. Isolation of the product gave yields of 72% and 24% 
respectively. 

The technique of preparing the chromophoric product followed similar lines for each 
alkali utilised, and the product was always an amorphous, hygroscopic powder, with a 
varied degree of coloration, and occasionally containing inorganic matter which could 
not be fractionated out. It gave a direct positive Ehrlich test and appeared to have a 
similar nature whatever the alkali used. In the main, when unchanged starting material, 
lower degradation products and inorganic matter had been as far as possible eliminated 
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by fractionation, the colour-producing material appeared to be essentially homogeneous. 
The distinction between this product and its parent N-acetylglucosamine rested on the 
fact that the former was hygroscopic, amorphous, very soluble in alcohols, had a low 
melting point (ca. 70°), a low specific rotation (ca. + 30°), exhibited no mutarotation, 
and gave a direct positive Ehrlich test. It was stable to boiling water, but in cold dilute 
acid or moderately concentrated alkali solution the capacity for giving a positive Ehrlich 
test was destroyed, presumably as a result of opening of the heterocyclic ring, since N-acetyl- 
glucosamine was recovered from such solutions. This ring rupture in concentrated 
alkali solution is probably responsible for the Fehling’s reduction capacity of the chromo- 
phoric product. 

It has been indicated that the work of Morgan (loc. cit.) necessitated rejection of the 
glucopyrroline hypothesis of Zuckerkandl and Messiner-Klebermass (loc. cit.). Stereo- 
chemical considerations lead to the same conclusion and, in the present work, the result 
of molecular weight determinations and of chemical investigation suggested that neither 
the glucopyrroline nor the diglucopyrazine hypothesis had any basis in fact. Two alter- 
native formulations then remained for the heterocyclic product, which, as already indicated, 
could be 2-methyl-4 : 5-glucopyrano-A*-oxazoline (VII) or 2-methyl-4-«Pys-tetrahydroxy- 
n-butyloxazole (VI), the distinction between the two forms resting upon the presence or 
absence of the oxygen bridge in the hexosamine after alkali treatment. 

The oxazoline formulation implied the presence in the molecule of three free hydroxyl 
groups, an intact sugar bridge, and one double bond. The oxazole formulation required 
that the molecule should contain four free hydroxyl groups, no sugar bridge, and a pair 
of conjugated double bonds. 

The product showed no mutarotation, indicating a fixed stereochemical position for 
the reducing group, and showed none of the spectrographic characteristics which would 
have resulted from the presence of conjugated double bonds or a pyrrole nucleus. Bromine 
oxidation gave glucosamine hydrobromide, indicating the hexosamine portion of the 
molecule to be intact. Hydrolysis of the chromophoric product with boiling methyl- 
alcoholic hydrogen chloride destroyed the colour-producing capacity and caused rapid 
reversion to N-acetylglucosamine, which was recovered in 80% yield. Methylation with 
methyl sulphate and alkali gave methyl 3:4: 6-trimethyl N-acetylglucosamine—both 
results indicating that the N-acetyl group was still present in the molecule, linked to the 
reducing group in such a manner that its original nature could be easily restored. 

The product was then acetylated with acetic anhydride in pyridine and the acetylated 
substance, which gave a positive Ehrlich test, was isolated as a hygroscopic glass which 
was not crystallised. Its O-acetyl content, estimated by the method of Kunz and Hudson 
(J. Amer. Chem. Soc., 1926, 48, 1982), indicated the presence of three acetyl groups and, 
with the other analyses, gave an empirical formula conforming to that of 2-methyl-4 : 5- 
(3' : 4’ : 6’-tri-O-acetylglucopyrano)-A*-oxazoline (X). 

This result could not be explained if the original product were a glucoxazole or gluco- 
pyrroline. Further, molecular weight determinations by the ebullioscopic method on 
aqueous solutions of the chromophoric substance, and chloroform solutions of its triacetate, 
the apparatus of Swietoslawski (Bull. Soc. chim., 1927, 41, 717) being used, gave values 
favouring the unimolecular glucoxazoline structure and eliminating the diglucopyrazine 





hypothesis. 
H H 
ee eee H-OH H CMe 
\NZ H-NHAc \NZ 
b H-OAc H-OMe -— > H-OMe 
CH-OAc CH-OMe H-OMe 
—CH CH H 
CH,’OAc CH,’OMe CH,’OMe 
(X.) (XI.) (XII) 


N-Acetylglucosamine was then methylated by a technique based on that of Holden 
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and West (J. Amer. Chem. Soc., 1934, 56, 930) for glucose. The resultant methyl 3 : 4 : 6- 
trimethyl N-acetylglucosaminide was converted into 3:4: 6-trimethyl glucosamine 
hydrochloride, both of which products were prepared also by Cutler, Haworth, and Peat 
(J., 1937, 1979) by somewhat different methods. The hydrochloride was converted into 
3:4: 6-trimethyl N-acetylglucosamine (XI) with the reducing hydroxyl free to interact 
with the N-acetyl group on alkali treatment to form the heterocyclic 2-methyl-4 : 5- 
(3’ : 4’ : 6’-trimethylglucopyrano)-A?-oxazoline (XII). 

This product again gave a positive Ehrlich test, but despite thorough fractionation 
was obtained as a non-crystalline hygroscopic glass which decomposed on distillation. 
Methylation of the glucoxazoline by the method of Purdie and Irvine (J., 1903, 83, 1028) 
gave a product with a methoxyl content only two-thirds that required by the above 
formulation. This partially methylated product was again a glass giving a positive 
Ehrlich test and, like the trimethyl glucoxazoline above, still capable of reducing Fehling’s 
solution on heating. This again suggests linkage of the reducing group in the chromo- 
phoric substance in such a manner that it cannot be methylated under mild conditions. 

Although this attempt to obtain the trimethyl glucoxazoline by two alternative routes 
failed, it was found possible to prepare the triacetyl glucoxazoline already described by a 
different method which avoided alkali degradation and permitted the isolation of a pure 
crystalline product. Penta-acetyl glucosamine was converted by the method of Moggridge 
and Neuberger (loc. cit.) into 1-bromo-3 : 4 : 6-tri-O-acetyl N-acetylglucosamine (XIII), 
which, on heating with one equivalent of sodium acetate solution, eliminated hydrogen 
bromide and was converted into the tri-O-acetyl glucoxazoline (X). 


CH—Br 
CH-NHAc 

(XIII) CH-OAc  _up, 
_CH-OAc ——* (x) 
CH 
CH,°OAc 


The solution remained colourless during the reaction, and the product was extracted 
from the aqueous solution with chloroform; it formed very minute, hygroscopic crystals 
on addition of dry ether to the concentrated extract. It gave a positive Ehrlich test 
and analyses and molecular weight determinations by Rast’s method (Ber., 1922, 55, 
1051) confirmed the above formulation. The nature of this reaction suggests that the 
mechanism of the heterocyclic ring formation follows the scheme depicted below (XIV; 
XV; XVI) where only the relevant portions of the molecule are shown : 


rx 
H—Br ---- Nat 
er ie —* oe oe 
Rug CH, —> \nZ 3 AcO Awe 3 
IP 
=---OAc™ 
(XIV.) (Xv.) (XVI) 


A similar type of mechanism probably holds for the formation of the unsubstituted 
glucoxazoline by the action of alkali on N-acetylglucosamine. 

(ii) The Action of Dilute Alkali Solution on N-a-Bromopropionylglucosamine.—N-«- 
Halogenoacylglucosamines again give a positive Ehrlich test after alkali treatment and 
N-a-bromopropionylglucosamine was found to yield a chromophoric product similar to 
that already discussed as resulting from alkali treatment of N-acetylglucosamine. This 
chromophoric product contained no halogen and although, in view of the work already 
described, it seemed improbable that it should be a glucopyrroline or diglucopyrazine, 
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it was still necessary to decide whether N-a-bromopropionylglucosamine gave rise to a 
glucoxazoline (XIX) or a glucoxazine (XX) with a six-membered heterocyclic ring. 








Pie ee 

— 4 
HOH QOH HOH CH EXnis ie _ 

CH-NH-CO-CHMe | CH-NH-CO-CHMe on 9 LSNZ | [Suu 

OCH-OH  °1-KOH OCH-OH 005x-KOH | CH-OH or H-OH 

GOH Cron , H-OH CH-OH 
H H _CH CH 

CH,OH CH,OH CH,OH CH,-OH 

(XVII.) (XVIII.) (XIX.) (XX.) 


Molecular weight determinations confirmed the unimolecular nature of the product and 
acetylation gave a tri-O-acetyl derivative which could result only from a parent com- 
pound of structure (XX), 1.¢., 3-heto-2-methyl-5 : 6-glucopyrano-3 : 4 : 5 : 6-tetrahydro- 
1: 4-oxazine. Analyses and molecular weight determinations indicated the acetylated 
derivative to be 3-keto-2-methyl-5 : 6-(3' : 4’ : 6’-tri-O-acetylglucopyrano)-3 : 4 : 5 : 6-tetra- 
hydro-| : 4-oxazine. Further, it was observed that, whereas N-a«-bromopropionylglucos- 
amine in 0-05n-alkali eliminated hydrogen bromide to form the glucoxazine (XX), the 
use of less dilute alkali replaced the halogen atom direct by hydroxyl to give N-«-hydroxy- 
propionylglucosamine (XVII). This product was also obtained by treating the glucox- 
azine with concentrated alkali solution, the capacity for giving a positive Ehrlich test 
being simultaneously destroyed—a fact which is again-in favour of the presence of a 
heterocyclic system labile to concentrated alkali solution. 

It seems, therefore, a logical conclusion that in the presence of hot dilute alkali solution 
N-acyl- and N-«-halogenoacyl-glucosamines undergo intermolecular reaction in the 
manner originally suggested by Morgan and Elson (loc. cit.) with consequent formation 
of derivatives containing heterocyclic systems which are of the oxazoline and oxazine type 
respectively. In view of the importance of carbohydrates for the natural synthesis of 
proteins, the ease of formation of these products and their great reactivity and ‘ability 
may well render the reaction one of some biological significance. 


EXPERIMENTAL. 


N-Acetylglucosamine.—50 G. of glucosamine hydrochloride, 37-5 g. of silver acetate, and 
33-75 g. of acetic anhydride were shaken with 500 c.c. of absolute methyl alcohol for 3 hours 
at room temperature and then refluxed for 5 minutes, and the liquid filtered hot; the residue 
was washed twice with 250 c.c. of boiling water, the process being conducted in the absence 
of light up to this point. The combined filtrate and washings were acidified with 2 drops of 
concentrated hydrochloric acid, and the liquid filtered after standing at room temperature 
for 2 hours and concentrated to 50 c.c. at 45°/15 mm. 650 C.c. of alcohol and 100 c.c. of ether 
were added and the product was filtered off after 2 hours. Concentration of the mother- 
liquor and alcohol-ether precipitation gave a further yield. The product was dissolved in the 
minimum quantity of hot water, and alcohol added until its concentration was 90%, followed 
by sufficient ether to produce a faint turbidity; the white needles obtained (52 g.) had m. p. 
196°, [«]}* + 75° (init.) — + 41-2° (in water; const.) (Found: C, 43-5; H, 7:0; N, 6-1; 
CO-CH;, 19-25. Calc. for CgH,,O,N : C, 43-43; H, 6-8; N, 6-3; CO-CH;, 19-45%). 

N-a-Hydroxypropionylglucosamine.—20 G. of N-a-bromopropionylglucosamine (Weizmann 
and Hopwood, loc. cit.) were heated at 100° with 1 1. of 0-ln-sodium hydroxide for 15 minutes, 
giving a dark brown solution, which was evaporated to dryness at 50°/15 mm. The residue 
was extracted with 250 c.c. of hot absolute methyl alcohol; the product crystallised in white 
needles when the extract cooled. The mother-liquor was evaporated to dryness at 40°/15 mm., 
and the residue again extracted as above, giving a further amount of product. The dark 
brown mother-liquor gave a positive Ehrlich test, but the presence of degradation products 
prevented the isolation of any glucoxazine. 

The crystalline product was recrystallised im methyl alcohol, forming white needles 
(6-7 g.), m. p. 217°, [a]i® + 69-1° (init. —-> + 66-2° (const.; 0-068 g. in 5 c.c. of water) 
(Found: C, 43-5; H, 6-85; N, 5-5. C,H,,0,N requires C, 43-0; H, 6-8; N, 575%). It was 
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soluble in hot water and hot alcohols but insoluble in ether and organic solvents. It reduced 
Fehling’s solution on heating and, after heating with alkali, gave a positive Ehrlich test. 

B-Methyl 3:4: 6-Trimethyl N-Acetylglucosaminide.—32 G. of N-acetylglucosamine were 
methylated in 12, 10, and 10 g. portions, each dealt with as follows The sample was placed 
with 25 c.c. of water in a 2-litre flask immersed in a water-bath at 55°. Vigorous stirring was 
maintained throughout the reaction. 37-5 C.c. of methyl sulphate in 50 c.c. of carbon tetra- 
chloride were added rapidly, followed by 162-5 c.c. of 60% sodium hydroxide solution at the 
rate of 1 drop per 2 seconds for 5 minutes, 1 drop per second for 5 minutes, then 3 drops per 
second until addition was completed. The bath temperature was raised to 75° and 56-5 c.c. 
of methyl sulphate were added (3 drops per second). After completion of this addition the 
bath temperature was raised to and maintained for 30 minutes at 100°. The cooled reaction 
mixture was refluxed with 300 c.c. of chloroform for 20 minutes, and the liquid filtered while 
hot, the chloroform extract being separated in the usual manner. The chloroform extracts 
from each methylation were combined. The aqueous filtrates and the sodium sulphate pre- 
cipitates were then combined and refluxed for 20 minutes with a further 200 c.c. of chloro- 
form; this extract was isolated as before and added to the previous extracts. The. whole 
solution was then dried and evaporated to dryness at 40°/15 mm., and the residue recrystallised 
from ethyl acetate, forming white needles (34 g.), m. p. 192° (Found: C, 51-9; H, 8-4; N, 5-2; 
OMe, 44-7; CO°CH;, 15-5. Calc. for C,,H,,0,N: C, 52-0; H, 83; N, 5-1; OMe, 44-8; 
CO»CHs, 15-5%). The product was non-reducing and gave no Ehrlich test. 

3:4: 6-Trimethyl Glucosamine Hydrochloride.——11-75 G. of methyl 3: 4: 6-trimethyl 
N-acetylglucosaminide were steam-hydrolysed for 2 hours with 400 c.c. of 4n-hydrochloric 
acid, the solution evaporated almost to dryness at 50°/15 mm., and the product isolated by 
adding 100 c.c. of methyl alcohol and 200 c.c. of ether. It was recrystallised from 75% alcohol 
and decomposed at 210°; yield, 8-4g. (77%); [a]} + 54-8° (init.) —» + 99-5° (const. ; 0-237 g. 
in 10 c.c. of water) (Found: C, 42-0; H, 7-7; N, 5-5; OMe, 36-0; Cl, 14-15. Calc. for 
C,H,gO;NCl: C, 41-9; H, 7-8; N, 5-4; OMe, 36-1; Cl, 14:2%). It reduced Fehling’s solution 
on heating, but gave no Ehrlich test until after condensation with acetylacetone. It was 
soluble in water and hot alcohols, but not in organic solvents. 

3:4: 6-Trimethyl N-Acetylglucosamine.—9-8 G. of 3: 4: 6-trimethyl glucosamine hydro- 
chloride, 6-38 g. of silver acetate, 3-9 g. of acetic anhydride, and 200 c.c. of absolute methyl 
alcohol were shaken for 3 hours at room temperature, and the mixture then refluxed for 5 
minutes, light being excluded until the completion of this stage. The liquid was filtered hot, 
and the residue washed twice with boiling alcohol. When the filtrate and washings cooled, 
the product crystallised in long white needles (6-0 g.), m. p. 234°, [a]i® + 75° (init.) —» + 44-8° 
(const.; 0-1473 g. in 10 c.c. of water) (Found: C, 49-9; H, 8-1; N, 5-7; OMe, 35-5; CO’CH;,, 
16-0. C,,;H,,0,N requires C, 50-2; H, 8-0; N, 5-3; OMe, 35-4; CO-CH;, 16-1%). It was 
soluble in hot alcohols, in water, but not in ether or chloroform. It reduced Fehling’s solution 
and gave a positive Ehrlich test after heating with dilute alkali solution. 

2-Methyl-4 : 5-glucopyrano-A*-oxazoline.—(a) Colorimetric estimation. The conversion of 
N-acetylglucosamine into the ‘‘ glucoxazoline ’ was followed colorimetrically by comparison 
with standards prepared and utilised as follows: Five solutions were set up as standards, 
each consisting of 1 c.c. of water containing 0-2, 0-4, 0-6, 0-8, and 1 mg. of N-acetylglucosamine. 
Each solution was brought to pg 11-3 by addition of 0-1 c.c. of buffer solution composed of 
500 c.c. of 0-1N-sodium hydrogen phosphate and 7-5 c.c. of N-sodium hydroxide. These 
standards were heated on a boiling water-bath for 20 minutes and cooled, and 7-9 c.c. of glacial 
acetic acid and 1 c.c. of Ehrlich’s reagent added. After 20 minutes the colour had developed 
to a stage suitable for comparison. 

Estimations were conducted by removing such a quantity of reaction mixture as would, 
when diluted to 10 c.c., give a solution of concentration 1 mg. of N-acetylglucosamine plus 
glucoxazoline perc.c. To 1 c.c. of this solution were added 0-1 c.c. of buffer, 7-9 c.c. of glacial 
acetic acid, and 1 c.c. of Ehrlich’s reagent. The colour intensity was compared with that of 
the standards after 20 minutes. 

(b) Preparation with an equivalent amount of 0-02N-potassium hydroxide. 1G. of N-acetyl- 
glucosamine, dissolved in 225 c.c. of 0-02N-potassium hydroxide, was heated on a water-bath 
at 75°. Conversion into the glucoxazoline—estimated as above—was 100% in 30 minutes. 


The resultant solution was evaporated to dryness at 40°/15 mm., the residue triturated with | 


cold absolute methyl alcohol, and insoluble matter filtered off after remaining at 0° overnight. 
The precipitate was washed with ice-cold absolute methyl alcohol and the filtrate plus wash- 
ings were evaporated to dryness in a vacuum over concentrated sulphuric acid. The residue 
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was triturated as above, insoluble matter (giving no Ehrlich test) filtered off after keeping at 
0° overnight, and the filtrate and washings again evaporated to dryness as before. The residue 
was dissolved in the minimum quantity of cold absolute methyl] alcohol, now going completely 
into solution. This solution gave no further precipitate on keeping for several days at 0° 
and an equal volume of acetone was added, followed by dry ether until no further product 
was precipitated. The flocculent precipitate was washed with dry ether by decantation, 
centrifuged, and dried in a vacuum over concentrated sulphuric acid. It had m. p. 70—75°, 
[a]? + 31-6° (0-038 g. in 5 c.c. of water). Yield, 0-66 g. (72%). 

(c) Preparation with one-fifth of the equivalent amount of 0-004N-potassium hydroxide. 1 G. 
of N-acetylglucosamine, dissolved in 225 c.c. of 0-004N-potassium hydroxide, was heated on a 
water-bath at 75°, the extent of conversion into the glucoxazoline being 20% after 2 hours. 
This degree of conversion did not increase when the reaction mixture was maintained under 
these conditions for a further 5 hours; the chromophoric product was then isolated in the 
manner described above. Yield, 0-22 g. (24%). During the isolation, 0-58 g. of unchanged 
N-acetylglucosamine was recovered as distinct from the traces found in experiment (b). 

(d) Preparation with the equivalent amount of 0-02n-barium hydroxide. 5-9 G. of N-acetyl- 
glucosamine in 1335 c.c. of 0-02n-barium hydroxide were heated at 90° for 30 minutes. The 
filtered solution was evaporated to dryness, and the glucoxazoline isolated as. above, but despite 
its complete solubility in methyl alcohol the product contained 12-9% of ash. It was re- 
dissolved in the minimum quantity of absolute methyl alcohol, and barium precipitated as 
carbonate by treatment with carbon dioxide. The product was then isolated from the filtrate 
in the usual manner; yield, 2-63 g. (48-56%) (Found: C, 46-8; H, 6-8; N, 7-7; ash, 0-8; M, 
ebullioscopic in water, 190—200. C,H,,0,N requires C, 47-2; H, 6-4; N, 69%; M 203). 

(e) Preparation with aqueous ammonia. 7:25 G. of N-acetylglucosamine im 1465 c.c. of 
water were treated with 1 c.c. of concentrated aqueous ammonia and kept at 75°. The con- 
version was 20% after 30 minutes and another 1 c.c. of aqueous ammonia was then added. 
After 1 hour the conversion was 40%. 5 C.c. of aqueous ammonia were added and the con- 
version was 100% after 3 hours. The product was isolated as described; [«]}* + 30-9° 
(0-168 g. in 10 c.c. of methyl alcohol). Yield, 4:2 g. (58%). 

In each of the above preparations the product was an amorphous, extremely hygroscopic 
powder, varying in colour from light to dark brown. It was readily soluble in water and 
cold alcohols but insoluble in ether, acetone, and organic solvents. It gave a direct positive 
Ehrlich test, which capacity was destroyed by solution in cold weak acid or moderately con- 
centrated alkali solution but not by boiling in water for 2 hours. It reduced Fehling’s solution 
and exhibited no mutarotation. It gave no osazone or phenylhydrazone and gave no additive 
complexes with bromine, methyl iodide or acyl halides. Oxidation with permanganate com- 
pletely destroyed the molecule and acetylation or benzoylation with the acid chloride in pyridine 
at room temperature resulted in such extensive decomposition that no recognisable products 
were isolated. Even after thorough fractionation, the glucoxazoline contained some inorganic 
matter and an appreciable amount of degraded sugar products responsible for the coloration. 
In consequence, the analytical values could not be regarded as conclusive. 

(f) Bromine oxidation. 1 G. of bromine was added to 0-2088 g. of glucoxazoline in 5 c.c. 
of water, and the mixture kept at room temperature for 3 days; the bromine was then dis- 
tilled off at room temperature and the solvent at 40°/15 mm. The residue was recrystallised 
from hot ethyl alcohol, forming white needles, acid to litmus, reducing Fehling’s solution on 
heating, and giving a negative Ehrlich test. After condensation with acetylacetone the pro- 
duct gave a positive Ehrlich test. [a«]}f + 59° (const.; water). Tiemann (Ber., 1886, 19, 
156) records + 59-6° for glucosamine hydrobromide (Found: C, 27-5; H, 5-5; N, 5-6; Br, 
30-5. Calc. for C,H,,0;N,HBr: C, 27-7; H, 5-4; N, 5-4; Br, 30-7%). 

(g) Hydrolysis with 0-02N-methyl-alcoholic hydrogen chloride. 0-93 G. of glucoxazoline was 
refluxed for 3 hours with 260 c.c. of 0-02N-methyl-alcoholic hydrogen chloride until the solution 
no longer gave a positive Ehrlich test. The reaction mixture was then neutralised with barium 
carbonate, and the filtrate evaporated to dryness at 40°/15 mm., giving a brown residue (0°81 g. ; 
80%). The product was dissolved in hot methy! alcohol and decolorised with norit, the filtrate 
evaporated to dryness, and the residue recrystallised from methyl alcohol. The product was 
identified as N-acetylglucosamine. 

(h) Methylation with methyl sulphate and alkali. 1-8 G. of glucoxazoline in 5 c.c. of water 
were placed in a flask immersed in a water-bath at 56°, and rapid stirring commenced. 65-2 C.c. 
of methyl sulphate in 10 c.c. of carbon tetrachloride were added rapidly, followed by 25 c.c. 
of 60% sodium hydroxide solution at the rate 1 drop per 2 seconds for 5. minutes, 1 drop per 
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second for 5 minutes, then 3 drops per second until the addition was complete. The bath 
temperature was raised to 75°, 9-2 c.c. of methyl sulphate added (3 drops per second), and 
the temperature maintained at 100° for 30 minutes after completion of this addition. The 
cooled solution was extracted four times with 10 c.c. portions of chloroform, the combined 
extracts dried and decolorised with norit, and the filtrate concentrated to small volume under 
reduced pressure. On addition of light petroleum the product crystallised; it was recrystal- 
lised from the same solvents, forming feathery needles (0-5 g.), m. p. 192°. It was identified 
as methyl 3: 4: 6-trimethyl N-acetylglucosaminide. 

(i) Methylation with methyl iodide and silver oxide. 10 C.c. of methyl iodide were refluxed 
for 6 hours with 3-8 g. of glucoxazoline dissolved in the minimum amount of dry methyl alcohol, 
with hourly additions of half-gram portions of silver oxide. The liquid was then filtered, the 
residues washed with methyl alcohol, and the filtrate plus washings evaporated to dryness at 
40°/15 mm. .The residual syrup was remethylated and reisolated in the same manner, and the 
process repeated until ten methylations had been given. The 4th—6th methylations were 
carried out in methyl alcohol—acetone, the 7th and 8th in acetone, and the 9th and 10th in 
methyl iodide alone. The methoxyl content remained constant at 22-6% after the 7th methyl- 
ation (Calc. for a trimethyl glucoxazoline, 37-9%). The product was a brown syrup which 
did not crystallise, gave a positive Ehrlich test, reduced Fehling’s solution on heating, and 
decomposed on distillation at low pressure. 

2-Methyl-4 : 5-(3' : 4’ : 6’-iri-O-acetylglucopyrano)-A*-oxazoline—(a) By direct acetylation. 
1-09 G. of glucoxazoline were shaken for 3 hours with 25 c.c. of dry pyridine and 25 c.c. of 
acetic anhydride, then kept at room temperature for 24 hours The reagents were distilled off 
at 40°/15 mm. to give a light brown syrup, which was reacetylated and reisolated in a similar 
manner and dried to a glass in a vacuum over concentrated sulphuric acid. The product was 
hygroscopic, gave a positive Ehrlich test, and was soluble in chloroform, acetone, ethyl acetate 
and alcohol, but insoluble in ether and light petroleum. It reduced Fehling’s solution on 
heating. Fractionation from a variety of organic solvents failed to yield a crystalline product 
and low-pressure distillation resulted in decomposition. Yield, 0-95 g. (63%); [a]>” + 36-7° 
(0-038 g. in 5 c.c. of chloroform) (Found: C, 49-6; H, 5-9; N, 4:2; O-Ac, 39-0; M, ebullio- 
scopic in chloroform, 320. C,,H,,0,N requires C, 51-1; H, 5-8; N, 4:25; O-Ac, 39-:2%; 
M, 329). 

(b) From 1-bromo-3 : 4 : 6-iri-O-acetyl-N-acetylglucosamine. 3 G. of 1-bromo-3: 4: 6-tri-O- 
acetyl-N-acetylglucosamine were heated with 1 g. of sodium acetate in 50 c.c. of water at 65°, 
the conversion into the heterocyclic product being followed by the change of rotation, initial 
value + 115°, constant final value + 23° after 6 hours. The solution, which then gave a 
positive Ehrlich test, was extracted six times with 25 c.c. portions of chloroform and the com- 
bined extracts were dried, concentrated to 15 c.c. at 30°/15 mm., treated with dry ether, and 
kept at 0° overnight. The product crystallised in minute white needles, which were washed 
with dry ether by decantation, centrifuged, and dried in a vacuum over concentrated sulphuric 
acid. It was slightly hygroscopic, reduced Fehling’s solution, and gave a positive Ehrlich 
test. Yield 1-3 g. (54%); m. p. 70°, [a]>” + 54° (0-21 g. in 10 c.c. of chloroform) (Found : 
C, 51:0; H, 5-65; N, 4:2; O-Ac, 39-1; M, Rast, 325. C,,H,,O,N requires C, 51-1; H, 5-8; 
N, 4:25; O-Ac, 39:2%; M, 329). 

2-Methyl-4 : 5-(3’ : 4’ : 6'-irimethylglucopyrano)-A?-oxazoline.—2:3 G. of 3:4: 6-trimethyl 
N-acetylglucosamine were heated on a boiling water-bath with 437-3 c.c. of 0-02N-barium 
hydroxide for 30 minutes; the solution was then concentrated to 100 c.c. at 45°/15 mm. and 
treated with carbon dioxide, and the filtrate evaporated to dryness. The residue was dis- 
solved in 20 c.c. of absolute methyl alcohol, 40 c.c. of acetone added, and the solution filtered 
after l hour. The filtrate and acetone washings of the precipitate were evaporated to a syrup, 
and the process repeated. The reisolated syrup was triturated with acetone, and the filtrate 
evaporated to a syrup, which was dissolved in chloroform. Ethyl acetate was then added, 
and the filtrate again evaporated to a syrup; this was triturated with ethyl acetate, and the 
filtrate treated with a little dry ether. The final filtrate was evaporated to a syrup, from which 
no further matter could be removed which did not give a positive Ehrlich test. This syrup 
gave a positive Ehrlich test, reduced Fehling’s solution on heating, and decomposed on dis- 
tillation. It was soluble in chloroform, acetone, ethyl acetate, alcohol and water and sparingly 
soluble in ether and light petroleum. Yield, 1-1 g. (51-5%) (Found: C, 53-5; H, 7-1; N, 5-5; 
OMe, 35-1. C,,H,,0,;N requires C, 53-9; H, 7°75; N, 5:7; OMe, 37-9%). 

3-Keto-2-methyl-5 : 6-glucopyranotetrahydro-1 : 4-oxazine.—(a) Preparation with 0-05N-potass- 
ium hydroxide. 4 G. of N-a-bromopropionylglucosamine were heated on a boiling water-bath 
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with 250 c.c. of 0-05N-potassium hydroxide for 15 minutes; conversion into the glucoxazine 
was then 100% as estimated colorimetrically. The solution was evaporated to dryness at 
40°/15 mm., the residue extracted with cold absolute methyl alcohol, and the filtrate evapor- 
ated to dryness in a vacuum over concentrated sulphuric acid. Insoluble matter was removed 
by the fractionation process described for the glucoxazoline and the chromophoric product 
was precipitated and isolated in a similar manner as a hygroscopic, amorphous, pale yellow 
powder (1-9 g.), m. p. 140—145°.__, 

(b) Preparation with 0-05n-barium hydroxide. 16-75 G. of N-«-bromopropionylglucosamine 
were heated as above for 30 minutes with 1 1. of 0-05n-barium hydroxide, the solution evaporated 
to dryness, and the chromophoric product isolated as above. Yield, 12-4 g. (theoretical) ; 
m. p. 140—145°, [a] + 19-4° (0-1254 g. in 5 c.c. of water). Mol. wt. (ebullioscopic in water), 
238 (calc., 233). 

In each case the product was an amorphous, hygroscopic powder which reduced Fehling’s 
solution on heating and gave a positive Ehrlich test, which property was destroyed by cold 
acid or moderately concentrated alkali solution. Its general properties were similar to those 
of glucoxazoline. Spectrographic analysis in water indicated the absence of any characteristic 
absorption phenomena. It was soluble in water and alcohols but not in organic solvents. 

(c) Conversion into N-a-hydroxypropionylglucosamine. 1-18 G. of glucoxazine were dis- 
solved in 45 c.c. of 138% sodium hydroxide solution at room temperature. Crystals appeared 
after 5 minutes and after 1 hour the capacity of the solution for giving a positive Ehrlich test 
had been destroyed. The solution was kept at 0° overnight, and the crystals then filtered off, 
washed with ice-cold water and recrystallised from methyl alcohol. The product was identified 
as N-a-hydroxypropionylglucosamine. Yield, 0-6 g. (49%). 

(d) Hydrolysis with 1% methyl-alcoholic hydrogen chloride. 0-53 G. of glucoxazine was 
refluxed for 3 hours with 20 c.c. of 1% methyl-alcoholic hydrogen chloride, the capacity for 
giving a positive Ehrlich test being gradually destroyed. The crystals which appeared were 
filtered off, a further yield being obtained on addition of dry ether to the mother-liquor. The 
combined product was recrystallised from dilyte alcohol, and the product identified as glucos- 
amine hydrochloride. Yield, 0-2 g. (40%). 

(e) Methylation with methyl iodide and silver oxide. 3-9 G. of glucoxazine were given twelve 
methylations with methyl iodide and silver oxide in the manner described for the glucoxazoline, 
the methoxyl content remaining constant at 28-5% after the methylation (calc. for a trimethyl 
glucoxazine, 33-8%). The product was a light brown syrup which gave a positive Ehrlich 
test, reduced Fehling’s solution on heating, and decomposed on distillation. 

3-Keto-2-methyl-5 : 6-(3' : 4’ : 6'-iri-O-acetylglucopyrano)tetrahydro-1 : 4-oxazine.—3-46 G. of 
glucoxazine were acetylated with 37-5 c.c. of dry pyridine and 37-5 c.c. of acetic anhydride as 
described for the glucoxazoline, and the product (a syrup) isolated similarly. It was triturated 
with chloroform, the filtrate treated with 2 vols. of ethyl acetate, and insoluble matter filtered 
off after 1 hour. The filtrate was evaporated to dryness under reduced pressure, the resultant 
syrup triturated with ethyl acetate, the filtrate evaporated to dryness, and the residue dis- 
solved in chloroform. The addition of light petroleum then precipitated the acetylated glucox- 
azine as a light brown, hygroscopic powder, which gave a positive Ehrlich test and reduced 
Fehling’s solution on heating. It was soluble in water, alcohols, ethyl acetate, chloroform 
and acetone but not in ether or light petroleum. Yield, 1-9 g. (36%); [a]}* + 32-1° (0-081 g. 
in 5 c.c. of chloroform) (Found : C, 49-7; H, 5-8; N,3-9; O-Ac, 36-6; M, Rast,362. C,,H,,O.N 
requires C, 50-1; H, 5-85; N, 3-9; O-Ac, 35-99%; M, 359). 
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94. Some Reactions of A*®-y-Lactones. 
By E. WALTON. 


Unsaturated lactones of type (I) have been found to react with ammonia and 
monosubstituted amines to give pyrrolidones, the structure of which (III) has been 
confirmed, in several cases, by synthesis from the corresponding substituted succin- 
imide and Grignard compound. The N-alkyl-substituted pyrrolidones are all ampho- 
teric, readily decomposed by acid into the corresponding y-keto-acid, and stable in 
alkaline solution. 


In the course of another investigation edbtng 8-benzoylpropionic acid, it was found 
necessary to re-examine the reactions of this acid in the light of certain discrepancies in the 
literature. 

It seems well established that 6-benzoylpropionic acid, when warmed with acetic an- 
hydride, is converted into its unsaturated y-lactone (I; R’ = C,H,) (Biedermann, Ber., 
1891, 24, 4077; Kugel, Annalen, 1898, 299, 54; Thiele and Sulzberger, Annalen, 1901, 
319, 196). Fittig (Annalen, 1898, 299, 18), for example, by addition of bromine to the lac- 
tone, obtained what was probably the racemic mixture of dibromides, which, he found, 
decomposed spontaneously to give 8-bromo-8-benzoylpropionic acid. There is also little 
doubt that levulic acid, on slow distillation, yields angelicalactone (I ; R = CH,) (Wolff, 
Annalen, 1885, 229, 256). 


H=CR’ H,-COR’ H,-C(OH)R’ H,-C(NHR)R’ 
-_ a 
H,° O H,°CO-NHR H,° O H,° O 
(I.) (II.) (I1I.) (IV.) 


On the other hand, the published evidence as to how such lactones react with amines 
seems quite inconclusive. Wolff (loc. cit.) assumed that ammonia reacted with angelica- 
lactone to give the open-chain amide (II; R= H, R’ = CH,). Biedermann (loc. cit.) 
also thought that open-chain amides (wrongly formulated as crotonic acid derivatives) 
were obtained from the aromatic lactone (I; R’ = C,H;) when this was treated with 
ammonia or aniline, whereas Beilstein (“‘ Handbuch,” 4th edition, III, 676) was probably 
the first to indicate the possibility of isomeric structures (II, III, or IV) for such compounds. 
More recently, Luke§ and Prelog (Coll. Czech. Chem. Comm., 1929, 1, 119, 282, 334, 461, 
617) have sought to differentiate between these structures, by comparing the products of 
reactions (A) and (B): 

is 
(A.) Pg + NH,R —> (II), (III), or (IV) 
hast 


H,-CO 
(B.) NR + R’MgX —> (III) 
H,CO 


They prepared (loc. cit., p. 119) 2-hydroxy-1 : 2-dimethyl-5-pyrrolidone (III; R= R’ = 
CH,) by reaction (B), and, on very slender evidence, claimed that it differed from the 
product obtained from angelicalactone and methylamine (reaction A), which was con- 
sequently thought to have structure (II) or (IV). Ina later paper (loc. cit., p. 282), 
similar evidence is adduced for the non-identity of the products obtained from the inter- 
action of methylmagnesium bromide and succinanil on the one hand, and from that of 
angelicalactone and aniline on the other. Here the distinction between the products i is 
based solely on the fact that an anil (?) could be prepared from the product of reaction 
(A), but not from that of reaction (B). As both products are correctly stated to melt at 
about 101°, it is curious that no reference is made to any mixed melting point determination. 
Having ruled out formula (III) for the products of reaction (A), LukeS and Prelog (loc. 
cit., p. 617) eventually conclude that such products must be open-chain amides (IT), rather 
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than amino-lactones of type (IV). The present study, however, leads to quite a different 
conclusion. 

It has now been found that the lactone (I; R’ = C,H;) of 8-benzoylpropionic acid 
reacts with aqueous methylamine, ethylamine, ”-propylamine and #-bromoaniline, as well 
as with ammonia and aniline (Biedermann, Joc. cit.), to give crystalline products * in all 
cases. The reaction with aliphatic amines is spontaneous, and presents a striking sequence 
of colour changes, covering the whole visible spectrum, from green, through blue, violet and 
red, to yellow, and indicating complex intramolecular changes. The products have also 
very significant properties. All, except the ammonia and aniline derivatives, are ampho- 
teric, dissolving in about 6N-hydrochloric acid and in 2N-caustic soda, though in the latter 
there is decreasing solubility with increasing molecular weight and rise in temperature. 
The methylamine derivative readily dissolves in both cold and hot 2Nn-caustic soda, the 
ethylamine product only in cold alkali, and the n-propylamine derivative is only slightly 
soluble in the latter. These derivatives are also remarkably stable in alkali. A solution 
of the methylamine derivative in excess of 2N-caustic soda was refluxed for 5 minutes with- 
out appreciable decomposition; and the less soluble ethylamine and u-propylamine 
derivatives appeared to be equally stable. Moreover the aniline derivative was recovered 
unchanged after its solution in methyl-alcoholic caustic potash had been refluxed. On 
the other hand, with hydrochloric acid (alcoholic in the case of the aniline derivative), 
the products are all readily decomposed into 6-benzoylpropionic acid and the corresponding 
amine. The ammonia derivative is exceptional, in so far as, with alkali, it is decomposed 
into highly coloured products and ammonia. With hydrochloric acid, however, it behaves 
like its homologues. 

The unsaturated y-lactones (I) from 8-p-toluoyl-, 8-p-bromobenzoyl- and £-p-methoxy- 
benzoyl-propionic acids have also been found to react very easily with ammonia and 
methylamine to yield derivatives with properties very similar to those of the corresponding 
phenyl derivatives. 

The facts described above undoubtedly point to structure (III) for the products of the 
reaction between A*-y-lactones (I) and amines. Their stability in alkali is incompatible 
with their formulation as amides of type (II). Amides stable to alkali are limited to those 
with ample protecting groups (e.g., 2: 6-dibromo- and 2: 6-dinitro-benzamides; Claus 
et al., Annalen, 1891, 265, 377; 266, 226), and, moreover, such amides are also resistant to 
acids. The solubility of the products of reaction (A) in acid and in alkali also indicates 
the pyrrolidone structure (III), which bears some resemblance to those of oxindole, dioxin- 
dole and indoxyl, which also are amphoteric. The exceptional behaviour of the ammonia 
derivatives (III; R = H) towards alkali is probably due to the enhanced activity of the 
free imide group, and the possibility of tautomerism. 

Structure (III) is, moreover, confirmed by the identity now established between the 
products of reactions (A) and (B), in those cases where R = CH, and R’ = C,H,, #- 
C,H,Me or #-C,H,Br, and where R= C,H, and R’ = CH; (contrary to the evidence of Luke 
and Prelog, Joc. cit., p. 282). It has been found impossible to extend this comparison, as 
all attempts to condense phenylmagnesium bromide with succinimides, other than succino- 
methylimide, were unsuccessful. 

Various attempts to confirm the presence of the hydroxyl group in (III) failed. 
2-Hydroxy-2-phenyl-1-methyl-5-pyrrolidone (III; R—=CH;, R’ = C,H,) was recovered 
unchanged after suitable treatment with methyl sulphate, acetic anhydride, and phenyl 
isocyanate, and with acetyl chloride the same pyrrolidone gave a yellow unsaturated 
product, similar to that obtainable by its distillation (Luke and Prelog, loc. cit., p. 339), 
indicating the elimination of water rather than acetylation. The unsaturated product 
was not further investigated, as, theoretically, it is also obtainable from the open-chain 
amide (II), and, as such, could afford no additional evidence for (IIT). 

Of all the pyrrolidones examined, only the N-phenyl derivatives (III; R= C,H,, 
R’ = CH, or C,H;) decolourise bromine water instantaneously. This is due, not to 
unsaturation, but to the formation of N-p-bromophenyl derivatives, the structures of 
which were confirmed by synthesis from #-bromoaniline and the appropriate lactone. 


* It is significant that no such product could be obtained with dimethylamine. 
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EXPERIMENTAL. 


2-Hydroxy-1-phenyl-2-methyl-5-pyrrolidone (III; R=C,H;, R’ = CH;).—y-Methyl-Af- 
crotonolactone (I; R’ = CH,) (Wolff, loc. cit.) was heated with a slight excess of aniline for 3 
minutes at 180°, and the product carefully acidified with dilute hydrochloric acid. The solid 
obtained crystallised from benzene—petrol in silky needles, m. p. 101°. It dissolved readily in 
cold 2n-caustic soda, but reappeared as an oil on warming. After the same solution had been 
boiled for 3 minutes, no free aniline could be detected by diazotisation tests. The pyrrolidone 
also dissolved in 6N-hydrochloric acid, the solution liberating aniline on warming. The addition 
of the theoretical quantity of bromine water to a solution of the pyrrolidone in glacial acetic acid 
led to immediate decolorisation with formation of 2-hydvroxy-1-p-bromophenyl-2-methyl-5- 
pyrrolidone (III; R = p-C,H,Br, R’ = CH,), which crystallised from benzene in flat prisms, 
m. p. 159—161° (some decomp.) (Found: Br, 29-5. C,,H,,0O,NBr requires Br, 29-6%). The 
structure of the latter was confirmed by its production from angelicalactone (I; R’ = CH;) 
and p-bromoaniline, which were condensed as described above. 

2-Hydroxy-1-phenyl-2-methyl-5-pyrrolidone was also prepared by the following modification 
of Lukes and Prelog’s Grignard method (loc. cit., p. 285). A solution of succinanil (4-5 g.) in 
dry benzene (200 c.c.) at 80° was rapidly added to a solution of methylmagnesium iodide 
prepared from methyl iodide (7-1 g.) and magnesium turnings (1-2 g.) in ether (30 c.c.). There 
was an immediate precipitate. The mixture was refluxed for 4—5 hours and decomposed with 
a little water, and the benzene layer dried and evaporated under reduced pressure. The 
residue crystallised from benzene—petrol in needles (1 g.), m. p. 99—100°, identical in all 
respects with the product obtained from angelicalactone and aniline. There was, of course, 
no mixed melting point depression. 

y-Phenyl-A*-crotonolactone (I; R’ = C,H,) was prepared from $-benzoylpropionic acid and 
acetic anhydride as described by Kugel (loc. cit.). It was found to crystallise best from methyl 
alcohol, forming pearly leaflets, m. p. 91—92°, which, after some weeks, decomposed into an 
orange-coloured syrup. 

2-Hydroxy-2-phenyl-5-pyrrolidone (III; R =H, R’ = C,H;) was obtained in theoretical 
yield by warming a mixture of the preceding lactone (2 g.) and concentrated aqueous ammonia 
(10 c.c.) for } minute. The resulting solution was cooled and diluted with water; the solid 
obtained crystallised from water in large tablets, m. p. 123—125° (decomp.) (Found: N, 8-0. 
Calc. for C,gH,,O,N: N, 7-9%). 2-Hydroxy-2-phenyl-5-pyrrolidone yielded (a) a purple 
solid on warming with dilute sodium carbonate solution, (b) a green tar and ammonia on boiling 
with 2n-caustic soda, (c) 8-benzoylpropionic acid and ammonium chloride on warming with 
concentrated hydrochloric acid for 3 minutes. It dissolved in cold 6N-hydrochloric acid but not 
in alkali, and was recovered unchanged after treatment with acetic anhydride, methyl sulphate 
in alkali, and sodium nitrite in glacial acetic acid. 

2-Hydroxy-2-phenyl-1-methyl-5-pyrrolidone (III; R = CH3, R’ = C,H;).—When +-phenyl- 
A®-crotonolactone (1 g.) was stirred with 33% aqueous methylamine (8 c.c.), there was a vigorous 
reaction. The mixture, after passing through green and violet stages, became crimson, and, 
on warming for 20 seconds, gave a yellow solution, which deposited crystals of the pyrrolidone 
on cooling. This crystallised from water, on rapid cooling, in tablets, which slowly changed to 
hexagonal needles (0-5 g.), m. p. 130—135° (decomp.) (Found: N, 7-1. Calc. for C,,H,,0,N : 
N, 7:3%). The pyrrolidone dissolved readily in 2N-caustic soda, from which it was recovered 
unchanged. It was also soluble in 6N-hydrochloric acid, but the solution decomposed, on 
warming, with production of 8-benzoylpropionic acid. On evaporation of its solution in alco- 
holic caustic soda (molecular proportions), the pyrrolidone gave an unstable sodio-derivative, 
which, with water, was hydrolysed back to the original compound. With methyl sulphate, the 
sodio-derivative gave a yellow unsaturated product, probably similar to that obtained by 
Lukes and Prelog (loc. cit., p. 339) by distillation. Neither a methyl nor an acetyl derivative 
could be made by standard methods. 

2-Hydroxy-2-phenyl-1-methyl-5-pyrrolidone, prepared by the interaction of phenyl- 
magnesium bromide and succinomethylimide, as described by LukeS and Prelog (loc. cit., 
p. 337), was identical with the preceding compound. 

2-Hydroxy-2-phenyl-1-ethyl-5-pyrrolidone (II1; R =C,H;, R’ = C,H,;).—The lactone (I; 
R’ = C,H,) and a slight excess of 33% aqueous ethylamine were stirred together, whereupon 
the mixture showed colour changes, ranging from green, through violet, to pink. On dilution 
with water, an oil separated, which, after solidification, crystallised from water in octagonal 
plates, m. p. 85—87° (yield, nearly theoretical) (Found: N, 7-0. C,,H,,O,N requires N, 6-8%). 
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The behaviour of the pyrrolidone towards caustic soda and hydrochloric acid was very similar 
to that of its methyl homologue, except that, on warming, it separated from 2n-caustic soda 
as an oil. It dissolved slightly in carbonate solution in the cold, separated at about 60°, and 
redissolved at 100°. 

2-Hydroxy-2-phenyl-1-n-propyl-5-pyrrolidone was obtained by stirring the lactone (I; R’ 
= C,H,) with a slight excess of 33% aqueous -propylamine. On dilution with water, it 
separated as an oil, which, after solidification, crystallised from water in large prisms, and 
from benzene-petrol in leaflets, m. p. of both forms 85—86° (Found: N, 6-4. C,,;H,,O,N 
requires N, 6-4%). It was only slightly soluble in caustic soda solution, but dissolved readily 
in 10N-hydrochloric acid, which decomposed it on warming. 

2-Hydroxy-1 : 2-diphenyl-5-pyrrolidone (III; R= R’ = C,H,).—The preceding lactone 
(2 g.) was boiled with an excess of aniline for 2 minutes, and the mixture acidified. The solid 
obtained (2-5 g.) crystallised from alcohol in needles, m. p. 148—149° (compare Biedermann, 
loc. cit.). The pyrrolidone was insoluble and quite stable in hydrochloric acid and in caustic 
soda solution, but was slowly decomposed by hot aqueous-alcoholic hydrochloric acid, in which 
it was more soluble. Its solution in glacial acetic acid rapidly decolorised bromine water with 
formation of 2-hydvoxy-1-p-bromophenyl-2-phenyl-5-pyrrolidone. After addition of bromine 
water until this was no longer decolorised, the solution was diluted with water; the bromo- 
derivative crystallised from alcohol in needles, m. p. 166° (Found: N, 41; Br, 2415. 
C,,H,,O,NBr requires N, 4-2; Br, 24-1%). The structure of the bromo-derivative was con- 
firmed by its preparation from the lactone (I; R’ = C,H;) and a slight excess of p-bromo- 
aniline, which were heated together. The melt was acidified, and the resulting solid crystallised 
from alcohol. With hot aqueous-alcoholic  peaeeenmenes acid, the bromo-compound gave 
B-benzoylpropionic acid and p-bromoaniline. 

y-Pp-Tolyl-A®-crotonolactone (I; RR’ = p-C,H,Me).—$-p-Toluoylpropionic acid (Burcker, 
Bull. Soc. chim., 1888, 49, 449) (6-4 g.) and acetic anhydride (4-2 g.) were warmed together at 
100° for 4 hour. When cold, the mass was washed with methyl alcohol, and the solid (4 g.) 
collected; it crystallised from methyl alcohol in salmon-pink rhombic leaflets, m. p. 111°, 
smelling somewhat of coconut oil (Found: C, 75:8; H, 6-0. C,,H,,O, requires C, 75-9; 
N, 5-75%). 

2-Hydvoxy-2-p-tolyl-5-pyrrolidone (III; R= H,R’ = p-C,H,Me) (Limpricht and Doll, Annalen, 
1900, 312, 111, formulated this compound as an open-chain amide).—The preceding lactone and 
an excess of concentrated aqueous ammonia were heated at 100° in a sealed tube for 20 minutes. 
At no stage of the reaction was solution complete. The product crystallised from water in 
cream-coloured, twinned, rectangular prisms, m. p. 165—167° (decomp. to a purple liquid) 
(Found: N, 7-0. (C,,H,,0,N requires N, 7:3%). During thé crystallisation, the solution 
darkened, with production of a small amount of purple solid. The pyrrolidone was decomposed 
by hydrochloric acid into p-toluoylpropionic acid, and by caustic soda solution into a red tar 
and ammonia. 

2-Hydroxy-2-p-tolyl-1-methyl-5-pyrrolidone (III; R = CH,, R’ = p-C,H,Me) was prepared 
by two methods : 

(A) The lactone (I; R’ = p-C,H,Me) was stirred with an excess of 33% aqueous methyl- 
amine, and then warmed for } minute. On dilution with water, the solution yielded an oil, 
which rapidly solidified and then crystallised from water in two forms: (i) hexagonal leaflets, 
partly melting at 92—93°, obtained by rapid cooling of a concentrated solution, the resulting 
emulsion being allowed to crystallise undisturbed. It probably contained water of crystal- 
lisation (Found: N, 6-6. C,,H,,0O,N,}H,O requires N, 6-54%). (ii) Twinned rectangular 
prisms, m. p. 132—140° (decomp. to a green-blue liquid) were readily obtained by slow cooling 
(Found: N, 6-75. .C,,H,,0,N requires N, 6-83%). The pyrrolidone was stable in 2n-caustic 
soda, dissolving in the cold, but reappearing as an oil at 100°. With hydrochloric acid it gave 
8-p-toluoylpropionic acid. 

(B) A solution of succinomethylimide (3-5 g.) in dry benzene (100 c.c.) was added with 
shaking to p-tolylmagnesium bromide, prepared from p-bromotoluene (8-5 g.) and magnesium 
(1-2 g.) in ether (25 c.c.). There was an immediate reaction. After being heated for 1 hour 
on the steam-bath, the mixture was poured on ice and concentrated sulphuric acid (1-5 c.c.). 
After the tarry matter had dissolved, the solution (two layers) was left at 0° for 24 hours. The 
solid that slowly separated was found, after crystallisation from water, to be identical in all 
respects with the HOOT TN prepared by ep (A). 

y-P-Bromophenyl-A*-crotonolactone (1; = p-C,H,Br).—After several experiments, the 
following method of preparation was found be give the best results : 8-p-Bromobenzoylpropionic 
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acid (Fieser and Seligman, ]. Amer. Chem. Soc., 1938, 60, 173) (1 mol.) was warmed with acetic 
anhydride (2 mols.) at 100° for 1 hour. The red liquid, which solidified on cooling, was treated 
with cold sodium carbonate solution, and the insoluble red-brown residue collected and washed 
with water (yield, 60%). A small portion crystallised from methyl alcohol in granular prisms, 
m. p. 115—130° (decomp.), but, being of doubtful purity, it was not analysed. 

2-Hydroxy-2-p-bromophenyl-5-pyrrolidone (III; R=H, R’ = p-C,H,*Br).—The preceding 
lactone was warmed with an excess of aqueous ammonia for 2 minutes. At no stage of the 
reaction was solution complete. The mixture was diluted with water. The solid obtained 
crystallised from water in yellowish plates, m, p. 169—171° (decomp. to a violet liquid) (Found : 
N, 57. CygH,gO,NBr requires N, 55%). With alkalis the pyrrolidone decomposed into 
coloured products; with concentrated hydrochloric acid it gave §-p-bromobenzoylpropionic 
acid. 

2-Hydvoxy-2-p-bromophenyl-1-methyl-5-pyrrolidone (III; R=CH;, R’ = p-C,H,°Br).— 
The preceding lactone and an excess of 33% aqueous methylamine were warmed together for 
4 minute (transient crimson coloration). On addition of water, the crude pyrrolidone separ- 
ated; it crystallised from water in rectangular prisms, m. p. 145—148° (decomp.), soluble and 
stable in 2N-caustic soda, but readily decomposed by concentrated hydrochloric acid. It was, 
moreover, identical in all respects with the pyrrolidone prepared from p-bromophenylmagnesium 
bromide and succinomethylimide as described by LukeS and Prelog (loc. cit., p. 343). 

y-p-Methoxyphenyl-A®-crotonolactone (I; RR’ = p-CgH,*OMe).—$-p-Methoxybenzoylpro- 
pionic acid (7-6 g.) and acetic anhydride (5 g.) were warmed at 100° for 10 minutes. The 
resulting lactone, after being washed with methyl alcohol, crystallised from the same solvent in 
pink hexagonal prisms (5-2 g.), m. p. 110—111° (Found: C, 69-3; H, 5-4. C,,H,,O, requires 
C, 69-5; 5-3%). 

2-Hydroxy-2-p-methoxyphenyl-5-pyrrolidone (III; R=H, R’ = p-C,H,-OMe).—The pre- 
ceding lactone (0-7 g.) was warmed with concentrated aqueous ammonia (6 c.c.) in a sealed tube 
at 100° until completely dissolved (about 3 minutes). The solution became dark brown and 
contained traces of green solid; on cooling, it yielded the pyrrolidone (0-6 g.), which crystallised 
from water in yellow hexagonal leaflets, m. p. 133—135° (some decomp.) (Found: N, 6-9. 
C,,H,,0,N requires N, 6-75%). With alkali it gave coloured products and ammonia, and with 
acid, B-p-methoxybenzoylpropionic acid. 

2-Hydroxy-2-p-methoxyphenyl-1-methyl-5-pyrrolidone (III; R= CH;, R’ = ~-C,H,OMe) 
was formed spontaneously on treatment of the preceding lactone with an excess of 33% aqueous 
methylamine. On dilution with water, it separated as an oil, which, after solidification, crystal- 
lised from water in large flat needles, m. p. 88—92° (Found: N, 6-4. C©,,H,,;0O,;N requires N, 
6-3%). It had amphoteric properties, similar to those of the other N-methylpyrrolidones 
already described. Attempts to prepare this pyrrolidone by condensing succinomethylimide 
with p-methoxyphenylmagnesium bromide were unsuccessful, probably owing partly to the 
impurity of the Grignard compound. 


The work described above was carried out as part of the programme of the Chemistry 
Research Board, and is published by permission of the Department of Scientific and Industrial 
Research. The author wishes to thank the Director of Chemical Research for his interest in it. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MiIpDLESEX. ([Received, February 1st, 1940.] 





95. The Reversibility of the Rearrangement of o-Hydroxy-sulphones. 
By Rosert R. Coats and Davip T. GIBSON. 


o-Hydroxy-sulphones were shown by Smiles to rearrange to sulphino-ethers. 
We find the rearrangement is reversible, and have investigated the conditions of 
reversibility. 


SULPHONES of type (I) were shown by Smiles and his collaborators (J., 1931, 3264; 1934, 
422; 1937, 1017) to undergo rearrangement in alkaline media to sulphinic acids (II). 
We have found that this is a reversible transformation, for 2-nitrophenyl 1-sulphino-2- 
naphthyl ether (II; A = naphthyl) was almost quantitatively converted into the sulphone 
(I) when its solution was kept at 50° for a few hours. We therefore extended the investig- 
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ation to a number of other sulphinic acids of type (II), with the view of determining the 
extent to which the reverse reaction (II ——> I) is general, and how far it is influenced by 
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conditions of molecular structure and the pg of the medium. Factors which favour the 
original transformation (I —-> II) were shown by Kent and Smiles (J., 1934, 422) to be (a) 
the positive character of the «-carbon atom, (b) the capacity of oxygen to act as a donor of 
electrons, and (c) the tendency of the medium to remove protons from the hydroxyl group. 

Qualitative experiments showed that the optimum #, for the reverse change is not the 
same for all the sulphinic acids (for some revert best in sodium acetate solution, others 
in sodium formate, and others merely on recrystallisation from aqueous acetone), and as the 
px of acetate solutions is very sensitive to small amounts of a stronger acid (cf., e.g., Walpole, 
J., 1914, 105, 2514), we undertook a roughly quantitative investigation of the behaviour 
of Smiles’ sulphinic acids in sufficient acetate buffer to maintain the #, within 0-2 unit. 
Within this limit, even in the most concentrated standard buffers, it is not possible to make 
up solutions stronger than N/150. This entails a certain loss of material due to solubility, 
but we satisfied ourselves that, except in one case, this was not significant. The reaction 
was carried out at 50° + 2°, the actual sulphone formed being filtered off and weighed. 
Excluding amino-derivatives, Smiles records (Kent and Smiles, loc. cit.; McClement and 
Smiles, J., 1937, 1017) rearrangements of some seventeen sulphones, and we examined the 
sulphinic acids obtained from nine of these. In the following table the rates of the forward 
and the reverse reactions are compared. Under A and B are given the substituents present 
in the aromatic nuclei of the parent 2-hydroxy-sulphone (I). 

The times in the third column (in minutes) are for the completion of the reaction in 
n/15-solution at 50°; those in the fourth column are the times (in hours) for the attainment 
of equilibrium at the most favourable fy in ca. N/150-solution at 50°. 


No. A. B. I— Il. Il—+ I. 
1 6-Methyl 2-Nitro ‘ 315 400 
2 3 : 5-Dimethyl 2-Nitro 93 250 
3 5: 6-Benzo 2-Nitro 5 5 
4 6§5-Hydroxy 2-Nitro 125 Too soluble for comparison 
5 65-Methoxy 2-Nitro 360 No reversal observed 
6 65-Methyl 2: 4-Dinitro Rapid with hydrolysis 2 
7  6§-Chloro-4 : 6-dimethyl 2-Nitro 5 5 
8 3-Chloro-5-methyl 2-Nitro 150 450 
9 f-o-Nitrophenoxyethane 
sulphinic acid Practically instantaneous No reversal observed 


With one significant exception (9), the corresponding reversals (II > I), though 
distinctly slower, follow roughly the same order, and, in particular, 6-methyl or 5: 6- 
benzo substitution, which was present in all the very rapid rearrangements studied by 
McClement and Smiles (loc. cit.), also favours rapid reversal (Nos. 3 and 7, Fig. 2), whereas 
those not so substituted reverse very much more slowly (Fig. 1). In general, it is to be 
expected that (I ——> II) will be more rapid than the reverse change, for the «-carbon atom 
in the former is influenced by both the nitro- and the sulphonyl group, but only by the 
nitro-group in the latter. 


Interconversion of (I) and (II) is evidently facilitated in both directions by the positive 
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character of the «a-carbon atom, for we find that the formation of the sulphone from 2 : 4- 
dinitrophenyl 3-sulphino-f-tolyl ether is very much more rapid than in the case of the 
corresponding mononitro-derivative. 

Kent and Smiles (loc. cit.) found that with a sulphone with an aliphatic hydroxyl group 
(IV), the change (IV —> V) is very much more rapid than in any of the aromatic types 
(I —~> II). 
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This may be attributed to the fact that with the former, the oxygen is “ insulated ’’ 
by an aliphatic chain and so its donor capacity is not diminished by the kationoid action of 
the sulphonyl group. We found no detectable reversal (V —-> IV) with 8-o-nitrophenoxy- 
ethanesulphinic acid (V). This suggests (1) that the superior velocity (IV —-> V) is to some 
extent due to the absence of reversibility, and (2) that, if the kationoid tendency of the 
sulphonyl group is a handicap to (I —> II) by withdrawing electrons from the hydroxyl 
group, it is a predominant influence in (II —-> I), for, where oxygen is insulated, no reversal 
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occurs (case 9). Consequently, 6-methyl substitution, by causing electron accession at the 
sulphonated carbon atom, at least partly overcomes the adverse influence of the sulphonyl 
group, and so the reversal is more rapid with compounds so substituted. 

The reversal was observed in buffer solutions of ,; 2—6, and from the curves it will be 
seen that increasing acidity increases the initial rate of formation, although the total 
amount of sulphone finally formed is not always greatest in the most acid media because the 
resulting increased solubility of the sulphone tends to drive the equilibrium (I —-> IT) to the 
right. The most striking case of this is 2’-nitro-4-hydroxy-2-sulphinodiphenyl ether, 
where the sulphone is so much more soluble than the others that, although a 25% yield of 
sulphone from the sulphinic acid was obtained in a small volume of sodium acetate solution 
(2/3 mol.; 0-17N), the py of the solution changed so very considerably during the reaction 
that no comparative figures are possible. In fact the equilibrium value did not exceed the 
solubility in the much larger volume of buffer solution required to maintain the py within 
0-2 unit, and so no sulphone was precipitated at all. The corresponding 2’-nitro-4-methoxy- 
2-sulphinodipheny] ether did not undergo reversal. 


Note on the Strength of Sulphinic Acids. 


It was suggested by Lovén (Z. physikal. Chem., 1896, 19, 462) that the deciniinas of 
sulphinic acids would run parallel to those of the corresponding carboxylic acids, and the 
same was assumed by Gibson and Loudon (J., 1937, 487). Actually, the only recorded 
measurements are on benzenesulphinic acid and toluenesulphinic acids by Lovén, who 
found that they were too strong to give satisfactory dissociation constants. We find, 
however, that if Lovén’s data are recalculated by Dippy and Williams’ method (J., 1934, 


162), the thermodynamical ‘‘ k’’ is much more nearly constant; but for o-toluenesulphinic 
acid the values are much less regular. 


Bp OU tea a acid : 

100k (ClaSS.)........0sseceeeeessseeesseeee 3°84 3-68 3-36 3-04 (2-72) (25) 3:42 3-11 3-05 

100k (therm.) . seseseseseesereeee 2°93 2-96 3-14 2-94 2-81 2-95 3:14 3:09 3-33 
p-Toluenessiphinic anti: : 

OOK (ClaSS.).......s0sscccssssseeereseeese 2°49 248 2-32 218 1:98 2-67 2-78 2-56 2-34 2-13 

100k (therm.) . seccsscccessceseee 2°05 22 218 2-04 2-11 2-513 2-41 2-37 2-30 2-22 
oTolueneslphinic atid: 

100K (ClaSS.)......ss0ccecsesersessreseecee 520 422 3-77 3-20 2-22 

100k (therm.) ........s00s00c0sseee 32 334 401 3-85 2-60 


EXPERIMENTAL. 


The sulphones were prepared as described by Smiles, by the oxidation of the corresponding 
sulphides with perhydrol. In some cases Smiles characterised the sulphinic acids by derivatives 
without isolating them, and in those cases in which he isolated the pure sulphinic acid, he did so 
by precipitating it from the aqueous solution of its sodium salt with acid, and recrystallising 
it from alcohol or acetone. This, it was found, yielded a product contaminated in some cases 
by a considerable amount of sulphone, and is doubtless one reason why the melting points 
recorded by Smiles are often considerably lower than those obtained by ourselves. It was 
necessary in some cases to extract the acidified solution with ether and isolate the sulphinic acid 
by precipitating it from the dried solution with ligroin. It was then recrystallised from ether 
or ether-ligroin. 

The sulphones gave strong orange-red colours with alkali and no colour with concentrated 
sulphuric acid; the sulphinic acids gave an intense blue with concentrated sulphuric acid and 
practically no colour with alkali. Hence the purity of individual crystals could be checked, 
and the progress of the conversion in a single crystal seen under the microscope. 

The sulphinic acids (0-1 g.) were dissolved in 50 c.c. of the buffer solutions (prepared according 
to Walpole, J., 1914, 105,°2514), and the solution maintained at 50° in stoppered flasks, the 
sulphone being filtered off at intervals and weighed in sintered glass funnels prepared as described 
by Briscoe and Lowe (J., 1934, 1379). 

2'-Nitrophenyl-2-hydroxy-\-naphthylsulphone (Levi, Rains, and Smiles, J., 1931, 3268).— 
The direct oxidation of the sulphide (3 g.) in glacial acetic acid (75 c.c.) gave a yellow product, 
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m. p. 180—181°. Microscopically, it was a mixture of white and yellow crystals. The two 
forms, mechanically separated, melted at the same temperature, alone or mixed. The yellow 
form was obtained by prolonged extraction with light petroleum, and the white form became 
yellow before melting (Found, yellow: C, 58-5; H, 3-4; N, 4:4. C,,H,,O,;NS requires C, 
58-35; H, 3-4; N, 43%). 

In attempting to confirm Heppenstall and Smiles’ suggestion (J., 1938, 900) that (III) is an 
intermediate of the rearrangement (I ——-> II) by comparing the rates of reaction in aqueous 
lithium, sodium, and potassium hydroxide solution, we failed to observe any significant differ- 
ence, and abandoned the experiments when we observed that in aqueous ammonia (where co- 
ordination is impossible) the sulphinic acid was also formed (identified by m. p. and colour with 
concentrated sulphuric acid). 

2-Nitrophenyl 1-Sulphino-2-naphthyl Ether.—Purified from ether-ligroin, this had m. p. 
116°. It gave the sulphone when recrystallised from aqueous acetone, and even when 
recrystallised from dry ether-ligroin it was always contaminated with microscopic particles 
of yellow sulphone. In an attempt to purify it by dissolution in aqueous sodium acetate, the 
filtered solution deposited, in the course of a few hours, a practically quantitative yield of 
sulphone. 

2-Nitrophenyl 3-sulphino-p-tolyl ether (Levi, Rains, and Smiles, loc. cit.) had m. p. 134° 
after crystallisation from aqueous acetone. 

2 : 4-Dinitrophenyl 3-sulphino--tolyl ether (Kent and Smiles, Joc. cit.), purified from dry 
ether-ligroin, had m. p. 140° (decomp.) (Smiles, 117—118°) (Found: C, 46-4; H, 3-3; 
N, 8-2. Calc. for C,,H,,0,N,S: C, 46-15; H, 3-0; N, 8-3%). 

4-Chloro-2’-nitro-6-sulphino-3 : §-dimethyldiphenyl ether (McClement and Smiles, Joc. cit.) 
had m. p. 131° (from ether) (Found: N, 4-2. Calc. for C,,H,,0;NCIS: N, 4:1%). 

2’-Nitro-2-sulphino-4 : 6-dimethyldiphenyl ether (Kent and Smiles, loc. cit.) had m. p. 153° 
(from aqueous acetone) (Smiles, 129°) (Found: C, 54-7; H, 4:4. Calc. for C,,H,,0,NS: 
C, 54-75; H, 4 3%). 

2-Chloro-2’-nitro-6-sulphino-4-methyldiphenyl ether (McClement and Smiles, loc. cit.) had 
m. p. 170° (Found : C, 47-9; H, 3-3. Calc. for C,,;H,90,NCIS : C, 47-6; H, 3-05%). 

2'-Nitro-4-hydroxy-2-sulphinodiphenyl Ether (Kent and Smiles, loc. cit.).—Recrystallised 
from water, this formed hexagonal plates soluble in dry ether. The solution soon deposited 
felted needles, which were reconverted into plates by recrystallisation from water. Both forms 
melt at 98° and are evidently the monohydrate of the ether [Found (plates): C, 46-2; H, 3-7; 
N, 4:6; equiv., 315. Found (needles): C, 46-0; H, 3-8; N, 4:35. C,,H,O,NS,H,O requires 
C, 46-0; H, 3-7; N, 44%; equiv., 313]. Kent and Smiles (loc. cit.) record the ether as 
anhydrous, m. p. 64°, but our attempts to dehydrate the monohydrate over phosphoric oxide at 
the ordinary temperature and 4 mm. pressure were unsuccessful, and at 45° led to decomposition. 

2’-Nitro-4-methoxy-2-sulphinodiphenyl ether (Kent and Smiles, Joc. cit.) had m. p. 128° 
(from ether) (Smiles, 122—123°). 
B-2-Nitrophenoxyethanesulphinic acid (Kent and Smiles, loc. cit.) had m. p. 124° (Smiles 121°). 


We are indebted to the Carnegie Trustees for a Scholarship which enabled one of us (R. R. C.), 
to participate in this work, and to Mr. James M. L. Cameron for micro-analyses. 


UNIVERSITY OF GLASGOW. [Received, February 7th, 1940.] 





96. The Structure of Aromatic Compounds. Part II. 
By NEIL CAMPBELL, W. ANDERSON, and J. GILMORE. 


The results of a previous paper on the structure of aromatic hydrocarbons (Part I, 
McLeish and Campbell, J., 1937, 1103) have been revised in terms of the resonance 
theory. The halogen reactivity of halogenonitro-compounds of styrene, phen- 
anthrene, diphenyl, hydrindene, fluorene, and acenaphthene has been measured, and 
the results correlated with the fine structure of the compounds. 


THE problem of the structure of the aromatic polycyclic hydrocarbons has recently been 
revised in terms of the theory of resonance (for summary, see Taylor and Brockway, Amn. 
Reports, 1937, 196). Naphthalene may accordingly be represented by (I) as the resultant 
of the three unexcited structures, the heavy lines indicating those bonds with greater 
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double-bond character. Hydrindene has forms (II) and (III) as the main contributing 
structures, and its chemical properties may be accounted for by the slight predominance of 
(II) (Sutton and Pauling, Trans. Faraday Soc., 1935, 31, 939). It is therefore necessary to 
abandon the theory of fixed structures, and to conclude that polycyclic aromatic compounds 


( i is . 4 Yar 
2 2 
i Ac 
(I.) (II.) (III.) 
are resonance hybrids, the chemical properties of which are explained by the non-equivalence 
of the carbon-carbon linkages. This accounts for the reactivity of 2-bromo-l-nitro- 
in contrast to the non-reactivity of 2-bromo-3-nitro-naphthalene; for the much greater 
reactivity of 5-bromo-6-nitro- than of 4-bromo-5-nitro-hydrindene (Part I, Joc. cit.), and 
for the findings of Lindner, Sellner, Hofmann, and Hager (Monatsh., 1939, 72, 335) and of 
Evans and Sandin (J. Amer. Chem. Soc., 1939, 61, 2916). 

In the present research the method used to determine the fine structure of aromatic 
compounds (Part I, Joc. cit.) has been applied to certain other compounds, and the effect of 
methyl groups on the bromine reactivity of bromonitro-compounds has been studied. 
The reactivities were measured as before by the piperidine method, and the results are 
given in the table. 

The reactivity of 9-bromo-10-nitrophenanthrene and the non-reactivity of 3-bromo-4- 
nitroacenaphthene supply evidence for the essential correctness of Fuson’s vinylogy 
theory (Chem. Reviews, 1935, 16, 1). The former contains the BreC—C-NO, fragment in 
which the carbon-carbon linkage has 4/5 double-bond character, and in the latter compound 
the bromo- gy the nitro-group, although in many respects ortho to one another, are not 


<2" :CH-NO, ¢: CH:CHNO, ag SCHICH-NO, 
be i 


(IV.) (V.) (VI.) 
separated by the bond system necessary for reactivity. Further support for Fuson’s theory 
is obtained from the reactivities of o-bromo-w-nitrostyrene and the three isomeric chloro-w- 
nitrostyrenes (IV), (V), and (VI). As was anticipated, only the m-compound was non- 
reactive. The results of the hydrolysis of the w-bromonitrostyrenes (Dann, Howard, and 
Davies, J., 1928, 605) also support the theory. 

It was of interest to measure the reactivities of 2-bromo- and 4-bromo-«-nitrostilbene, 
but attempts to obtain these compounds by condensing phenylnitromethane with the 
necessary aldehyde by the method of Knoevenagel and Walter (Ber., 1904, 37, 4502) 
yielded either 3 : 5-diphenyl-4-bromophenyl- or 3 : 4-diphenyl-5-bromopheny]l-isooxazoles 
depending on the mechanism of formation (Heim, Ber., 1911, 44,2016; Kohler and Barrett, 
J. Amer. Chem. Soc., 1924, 46, 2106; Worrall, ibid., 1935, 57, 2299; Ruggli and Hegediis, 
Helv. Chim. Acta, 1939, 22, 405). 


Removal of Removal of 
bromine, %. bromine, %. 
1Hr. 24 Hrs. 1Hr. 24 Hrs. 
9-Bromophenanthrene  ......... 0 0 2-Bromo-3-nitrofluorene — 2+... 50 97 
9-Bromo-10-nitrophenanthrene 69 100 3-Bromoacenaphthene ......... — 0 
0-Bromo-w-nitrostyvene — ....0000 _— 34 3-Bromo-2-nitroacenaphthene ... 68 100 
0-Chloro-w-nitrostyrene — .......4. — 13 * 3-Bromo-4-nitroacenaphthene —_ 0 
m-Chloro-w-nitrostyrene .....0005 — 0* 4-Bromo-1-nitroacenaphthene ... — 2 
P-Chloro-w-nitrostyvene — ......405 -- 8 * o-Bromonitrobenzene ............ 53 96 
4-Bromodipheny. yl.. ine. 0 m-Bromonitrobenzene ......... — 0 
2-Bromo-4 4’-nitrodiphenyl | cosepe — 0 p-Bromonitrobenzene ......... 96 104 
pi ee ie one oonee -- 0 2-Bromo-3-nitrotoluene ......... 1 4 
4-Bromo-3-nitrodiphenyl ......... 78 98 4-Bromo-3-nitrotoluene ......... 13 91 
4-Bromo-2’-nitrodiphenyl ...... _- 0 2-Bromo-4-nitrotoluene ......... 0 0 
3-Bromo-4’-nitrodiphenyl ...... —- 0 2-Bromo-5-nitrotoluene ......... -- 8 
4-Bromo-5-nitrohydrindene ... — 7 5-Bromo-2-nitrotoluene ......... 0 51 
2-Bromofluorene ..........s..00068  — 0 3-Bromo-4-nitrotoluene ......... 54 99 
2-Bromo-7-nitrofluorene ......... — 0 
* 


48 Hours. 
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The non-reactivity of 2-bromo-4’-, 4-bromo-4’-, and 4-bromo-2’-nitrodiphenyl, and of 
2-bromo-7-nitrofluorene shows that the influence of the nitro-groups is not transmitted 
_ from one ring to the other. This supports the conclusion of Le Févre and Turner (J., 1928, 
246) on the independence of the two nuclei in the diphenyl molecule. 

Previous measurements of the reactivity of 4-bromo-5-nitrohydrindene (McLeish and 
Campbell, Joc. cit.) were not satisfactory, as the compound was not pure. We have 
repeated the preparation, and obtained on fractional distillation an oil which, when immersed 
in carbon dioxide-ether, yielded a crystalline compound, m. p. about 20°. The compound 
was found to be slightly reactive, thus confirming our previous result. 

The reactivities of some bromonitroacenaphthenes and fluorenes were measured, but the 
results are not conclusive, as all the required compounds were not obtained. The pro- 
nounced reactivity of 3-bromo-2-nitroacenaphthene suggests that acenaphthene contains a 
nucleus similar to that of naphthalene (I). This is to be expected, for acenaphthene has the 
same resonance energy as naphthalene (Pauling and Sherman, J. Chem. Physics, 1933, 1, 
606). The reactivities of the fluorene compounds and the substitution reactions of com- 
pounds such as 2-aminofluorene point to the structure (VII), but the similarity of fluorene 
to indene and cyclopentadiene (Thiele and Henle, Annalen, 1906, 347, 290) supports structure 
(VIII). It is therefore reasonable to conclude that fluorene is a resonance hybrid of forms 
such as (VII) and (VIII), and Lothrop’s results (J. Amer. Chem. Soc., 1939, 61, 2115) froma 
study of 2-hydroxyfluorene can be explained in this way. The results of Pauling and 
Sherman (loc. cit.) show that fluorene is indeed a resonance hybrid, the main contributing 
forms being the Kekulé structures. 


H H 
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Most efforts to prepare fluorene derivatives substituted in position 1 have been unsuc- 
cessful (¢.g., Eckert and Langecker, J. pr. Chem., 1928, 118, 277). An attempt was made 


to prepare 1 : 2-substituted derivatives by the method used to prepare 2-bromo-3-amino- 
naphthalene (Part I, Joc. cit.). Bromination of 2-p-toluenesulphonamidofluorene yielded, 
however, the 3:7-dibromo-compound. Similarly, bromination of 2-acetamidofluorene 
yielded 3 : 7-dibromo-2-acetamidofluorene. 

The presence of a methyl group was shown to decrease the halogen reactivity in the 
bromonitrotoluenes. This influence has already been noted (e.g., Kenner, J., 1914, 105, 
2717), but no adequate explanation has yet been given (cf. Lindemann and Pabst, Annalen, 
1928, 462, 24). 

2-p-Toluenesulphonamidotoluene was brominated in the hope that the bromine would 
substitute in the 3-position, and from this compound 3-bromo-2-nitrotoluene could be 
prepared. Bromination, however, was shown to occur in position 5. 


EXPERIMENTAL. 


Unless otherwise stated, the methods of preparation and the properties of the compounds 
used are those given in the literature. Hodgson and Walker’s diazotisation method (J., 
1933, 1620) was used, and the amino-group was converted into the nitro-group by the 
method of Hantzsch and Blagden (Ber., 1900, 33, 2554). The purity of all compounds was 
checked by the sharpness of their m. p.’s on the Kofler micro-apparatus (Mikrochem., 1934, 15, 
242). Sublimations were effected on this apparatus. All analyses were done by Mr. Brown, 
Edinburgh. 

Halogeno-w-nitrostyrenes.—Various methods were investigated for the condensation of 
nitromethane and aromatic aldehydes. The use of zinc chloride (Posner, Bey., 1898, 31, 656) 
was very unsatisfactory. Amines (Knoevenagel and Walter, Joc. cit.) yielded better results, 
and it is noteworthy that, although neither m-butylamine nor piperidine gave appreciable yields, 
yet a mixture of the two was an effective condensing agent. The most satisfactory results were 
obtained with alcoholic potassium hydroxide (Thiele, Bey., 1899, 82, 1293; Remfrey, J., 1911, 
99, 282), the modification of Thiele and Haeckel (Amnalen, 1902, 325, 7) being finally adopted. 
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o-Chloro-w-nitrostyrene was prepared by cooling o-chlorobenzaldehyde (3 g.) and nitromethane 
(2-2 g.) in a freezing mixture, and carefully adding sodium hydroxide (1-5 g.) in water (3 c.c.). 
After an induction period, a bulky white precipitate separated, and methyl alcohol was added 
if the mixture became too thick to stir. The reaction was complete when a sample gave a clear 
solution with water. Addition of concentrated hydrochloric acid (20 c.c.) and water (10 c.c.) 
yielded yellow crystals which, after being washed with water, were crystallised from alcohol ; 
m. p. 47° (Found : Cl, 19-6. C,H,O,NClrequiresCl,19-1%). By similar methods were obtained 
the m-chloro- and the p-chloro-compounds, yellow crystals, m. p. 48—49° (Found : Cl, 20-0%), 
and elongated yellow prisms, m. p. 113—114° (Found: N, 7-0; Cl, 18-4. C,H,O,NCI requires 
N, 6-1; Cl, 19:1%), respectively. The yields in all cases were good. 

o-Bromobenzaldehyde was prepared by a method similar to that of Brady and Lahiri (J., 
1934, 1956). The 2: 4-diniitvophenylhydrazone separated from tetralin in orange needles, m. p. 
199—200° (Found: N, 15-3. C,;H,O,N,Br requires N, 15:3%). 0-Bromo-w-nitrostyrene was 
obtained in 50% yield by keeping o-bromobenzaldehyde (1 g.) and nitromethane (0-33 g.) for 3 
days with one drop each of piperidine and -butylamine; yellow crystals (alcohol), m. p. 86° 
(Found : Br, 34-2. C,H,O,NBr requires Br, 34:7%). 

Condensation of o- and p-Bromobenzaldehydes and Phenylnitromethane.—o-Bromobenzaldehyde 


‘(1 g.), phenylnitromethane (0-74 g.), methylamine hydrochloride (0-1 g.), sodium carbonate 


(0-04 g.), and a few drops of ethyl alcohol were heated under reflux for 24 hours. Crystals 
separated, which were crystallised several times from ligroin; m. p. 135°, yield 0-5g. The com- 
pound was a diphenyl-o-bromophenylisooxazole (Found: C, 67-4; H, 4:2; N, 3-8; Br, 20-1. 
C,,H,,ONBr requires C, 67-0; H, 3-7; N, 3-7; Br, 21-3%). »-Bromobenzaldehyde similarly 


. yielded 0-5 g. of an isomer, m. p. 175° (Found: N, 3-9; Br, 19-6%), which sublimed in needles 


and then had m. p. 180°. 

4-Nitrodiphenyl.—The method of Fichter and Sulzberger (Ber., 1904, 37, 881) required 
modification. 4-Acetamidodiphenyl was prepared by suspending 4-aminodiphenyl (200 g.) in 
benzene (200 c.c.) and adding acetic anhydride (120 g.) carefully, the mixture being cooled with 
running water. After 15 minutes the acetamido-compound was separated, well washed with 
water, and when thoroughly dry was sufficiently pure for the next stage. 4-Acetamidodiphenyl 
(180 g.) was dissolved in glacial acetic acid and the solution warmed to 70° on the water- 
bath. Fuming nitric acid (200 g., d 1-51) mixed with an equal volume of glacial acetic acid 
was gradually added, with good stirring. The mixture was kept at 70° for 1 hour, and then 
poured into twice its volume of cold water. 3-Nitro-4-acetamidodiphenyl separated, and 
crystallised from alcohol in yellow needles (200 g.), m. p. 132° (lit., 132°). The compound was 
suspended in boiling alcohol (1 1.), and potassium hydroxide (100 g.) in water (125 c.c.) added. 
A mass of dark red crystals separated after a few minutes, and was purified by washing with 
30% aqueous alcohol. Yield, 166 g., m. p. 167—169° (lit., 169°). 3-Nitro-4-aminodiphenyl 
(160 g.) was added to a mixture of 95% alcohol (390 c.c.) and concentrated sulphuric acid 
(58 c.c.), and the mixture heated until a clear solution was obtained. The mixture, cooled and 
vigorously stirred, was diazotised in the usual manner, and kept at room temperature for 
3hours. Copper bronze (6 g.) was then added in portions, the mixture being kept in cold water. 
The temperature rose to 40°, and nitrogen and acetaldehyde were copiously evolved. Thealcohol 
was removed by distillation, and the residue distilled in a current of superheated steam, the 
flask being immersed in an oil-bath maintained at 210°. The 4-nitrodiphenyl crystallised from 
alcohol in yellow needles (60 g.), m. p. 62° (lit., 62°). 

4-Bromo-3-nitrodiphenyl.—Prepared from 3-nitro-4-aminodipheny]l (6-5 g.) by diazotisation, 
this compound crystallised from light petroleum (b. p. 40—60°) in long yellow prisms (4-5 g.), 
m. p. 41—42° (Found: N, 4-9; Br, 27-6. C,,H,O,NBr requires N, 5-0; Br, 28-7%). 

5-Bromo-2-nitrodiphenyl.—The amino-group of 5-bromo-2-aminodiphenyl was converted 
into the nitro-group, and the resulting compound crystallised from ligroia in light brown needles, 
m. p. 230°; yield 2%. This compound is believed to be 5-bromo-2-nitrodiphenyl, but its m. p. 
is abnormally high (Found : N, 5-3; Br, 28-9%). 

2-Bromo-3-nitrofluorene.—Prepared by diazotisation of 3-nitro-2-aminofluorene, this 
compound formed dark red needles from glacial acetic acid, m. p. 120—121° (Found: N, 5-0; 
Br, 28-4. C,;H,O,NBr requires N, 4:8; Br, 27°6%). 

3 : 7-Dibromo-2-aminofluorene.—Equimolecular quantities of 2-bromo-7-amimofluorene and 
p-toluenesulphonyl chloride in pyridine were mixed, kept overnight, and poured into dilute 
hydrochloric acid. The resulting 2-bromo-7-p-toluenesulphonamidofiluorene was obtained as 
elongated prisms (isopropyl alcohol or carbitol), m. p. 211° (Found: N, 3:8. C,H,,O,NBrS 
requires N, 3-4%). This compound (1 g.) was dissolved in chloroform (50 c.c.), and bromine 
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(0-4 g.) in chloroform (10c.c.) added. The solution was heated on the water-bath for 1 hour and 
the chloroform removed by distillation. The residual oil on trituration with alcohol yielded a 
solid which crystallised from carbitol in needles, m. p. 203°, identical (mixed m. p.) with the 
dibromosulphonamido-compound, m. p. 203°, prepared below. 

2-Aminofluorene (5 g.) and ~-toluenesulphony] chloride (6 g.) in pyridine were heated for 1 
hour under reflux. 2-p-Toluenesulphonamidofiuorene was isolated in the usual way, and cryst- 
allised from glacial acetic acid or carbitol in colourless prisms (7 g.), m. p. 157—158° (Found : 
N, 4:4. Cg9H,,O,NS requires N, 4-4%). This compound (7 g., 1 mol.) was dissolved in chloro- 
form, bromine (6-7 g., 2 mols.) added, and the mixture heated on the water-bath for 4 hour. 
The chloroform was removed by distillation, and the resulting 3 : 7-dibromo-2-p-toluenesulphon- 
amidofiuorene crystallised several times from alcohol; m. p. 203°; yield, 8-7 g. (Found: N, 2-8; 
Br, 31-3. C,9H,,O,NBr,S requires N, 2-8; Br, 32-4%). The compound was hydrolysed by 
dissolving it in concentrated sulphuric acid at 40° and pouring it into water. The white floccu- 
lent precipitate obtained was triturated with 30% sodium hydroxide. 3: 7-Dibromo-2- 
aminofluorene crystallised from alcohol in prisms, m. p. 135°; yield, almost theoretical (Found : 
N, 4:1; Br, 48-7. C,;H,NBr, requires N, 4-1; Br, 47-2%). 

3 : 7-Dibromofluorene.—3 : 7-Dibromo-2-aminofluorene (2 g.) was diazotised, the solution 
diluted with an equal volume of alcohol, warmed to 80°, and poured into water when the 
evolution of gas had ceased. The precipitated 3: 7-dibromofluorene was recrystallised from 
methyl alcohol; m. p. 129°; yield, 0-5 g. (Found: Br, 48-1. C,,;H,Br, requires Br, 49-4%). 
Further purification by repeated sublimation yielded prisms or needles, m. p. 133°. 

3 : 7-Dibromofluorenone.—3 : 7-Dibromofluorene (0-2 g.) was boiled under reflux for 3 hours 
with sodium dichromate (1 g.) and acetic acid (2 c.c.). The mixture was cooled, diluted with 
water, and the yellow precipitate crystallised from glacial acetic acid; m. p. 200°; yield, 80% 
(Found: Br, 47-5. C,;H,OBr, requires Br, 47-3%). 

Bromination of 2-Bromo-7-acetamidofluorene.—2-Bromo-7-aminofluorene (1 g.) was dissolved 
in boiling tetralin and acetic anhydride (2 c.c.) added. A solid separated immediately, and 
was purified by sublimation or by crystallisation from carbitol, forming prisms, m. p. 229—231° 
(Found: N, 5-0. C,;H,,ONBr requires N, 46%). The acetyl compound was suspended in 
chloroform (20 c.c.), and bromine (0-3 g.) in chloroform (5 c.c.) added. Pyridine was then 
added until a clear solution was obtained, and this was kept at room temperature for 1 hour. 
The chloroform was removed by distillation, and the residue on treatment with dilute hydro- 
chloric acid yielded a solid, which crystallised from carbitol in prisms, m. p. 263—265° (Found : 
Br, 41-0. C,,H,,ONBr, requires Br, 42-0%). The compound was identical with 3 : 7-dibromo- 
2-acetamidofluorene obtained by acetylation of 3: 7-dibromo-2-aminofluorene in tetralin by 
acetic anhydride; it was further purified by sublimation, elongated prisms or needles, m. p. 
272°, being obtained. 

3-Bromo-4-nitroacenaphthene.—This compound was obtained by Dziewonski, Schoen, and 
Glazner (Chem. Abstracts, 1931, 25, 1518) but no experimental details are available. 3-Bromo- 
acenaphthene (8 g.) was dissolved in hot glacial acetic acid (40 c.c.), the solution quickly cooled 
to 10°, and vigorously stirred while concentrated nitric acid (5c.c.) wasslowlyrunin. 3-Bromo- 
4-nitroacenaphthene separated; it crystallised from alcohol in light yellow prisms, m. p. 155° 
(lit., 1569—161°); yield, 65%. 

4( ?)-Bromo-1-nitroacenaphthene.—1-Nitroacenaphthene (5 g.) was dissolved in glacial acetic 
acid (25 c.c.), bromine (4 g.) added, and the solution heated to boiling; on cooling, it deposited 
4-bromo-1-nitvoacenaphthene, which was crystallised several times from alcohol; m. p. 157°; 
yield, 2 g. (Found: N, 5-3; Br, 28-7. C,,H,O,NBr requires N, 5-0; Br, 28-7%). Itsublimes 
in elongated prisms. By analogy with the bromination of the nitronaphthalenes, the bromine 
is believed to be in the 4-position. 

3-Bromo-2-nitroacenaphthene.—This compound was prepared by the diazotisation of 2-nitro-3- 
aminoacenaphthene, and was crystallised first from alcohol and then from light petroleum 
(b. p. 80—100°); forming golden prisms, m. p. 143°; yield, 66% (Found: Br, 29-1%). 

3-Bromo-4-nitrotoluene.—Prepared by the diazotisation of 3-bromo-4-aminotoluene (6 g.), 
this compound was purified by steam-distillation, followed by crystallisation from methyl 
alcohol; it formed pale yellow needles (2 g.), m. p. 36—37° (Found: Br, 36-7. Calc. for 
C,H,O,NBr: Br, 37-0%). 

Bromination of 2-p-T oluenesulphonamidotoluene.—o-Toluidine (15 g.) and p-toluenesulphonyl 
chloride (27 g.) were dissolved in pyridine (140 c.c.), bromine (7-1 c.c.) added, and the solution 
kept overnight. The product, isolated by the usual procedure, crystallised from alcohol in 
prisms, m. p. 136°; yield, theoretical. The 5-bromo-p-toluenesulphonamidotoluene was identical 
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with that prepared by the interaction of p-toluenesulphonyl chloride with 5-bromo-o-toluidine 
(Found: Br, 23-2. C,,H,,O,NBrS requires Br, 23-5%). 
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97. The Constituents of Some Indian Essential Oils. Part XXVII. i 
A Synthesis of di-«-Curcwmene. tl 


By F. D. Carter, J. L. Smmonsen, and H. O. WILLIAMs. 


a 
By the action of methylmagnesium iodide on methyl 8-p-tolyl-n-hexoate (III; i 
R = Me) the alcohol (IV) was prepared, which gave on dehydration dl-a-curcumene, a i] 
mixture of the two hydrocarbons (I) and (II), characterised by the preparation of the f 
nitvosate, decomp. 114°. Attempts to resolve the acid (III; R = H) into its optical i 
enantiomorphs were unsuccessful. Two methods for the preparation of the acid are if 
described. if 





























l-a-CURCUMENE is, as was shown recently (J., 1939, 1504), a mixture of /-¢-p-tolyl-f- 
methyl-A’-heptene (I) and /-t-p-tolyl-@-methyl-A*-heptene (II). For the synthesis of this 

mixture, methyl 8-f-tolyl-n-hexoate (III; R = Me) was obviously a convenient starting 
material, since it should give on treatment with methylmagnesium iodide the alcohol (IV), i] 
from which by dehydration the required hydrocarbons would result. 


C,H,Me-CHMe-CH,CH,-CH:CMe 


C,H,Me-CHMe-CH,°CH,°CH,CMe:CH, 
(I.) | 


(II.) 
C,H,Me-CHMe:CH,°CH,°CH,°CO,R C,H,Me-CHMe-CH,°CH,°CH,°C(OH)Me, VW 
(III.) (IV.) ' 
The dl-alcohol (IV), b. p. 164°/117 mm., was readily prepared by the method outlined 
above and gave on dehydration with potassium hydrogen sulphate dl-«-curcumene, which, 
like the natural hydrocarbon, was a mixture of (I) and (II), ozonolysis showing the latter to 
be present in the larger amount. The acid (III; R =H) could not be resolved into its 
optical enantiomorphs, since the salts which it formed with the various alkaloids all dis- 
sociated on recrystallisation and stronger bases, such as phenylethylamine, were not 
available. There can, however, be little doubt as to the structural identity of the natural 
and the synthetic hydrocarbon, since their physical constants are in close accord and, 
like the natural hydrocarbon, d/-«-curcumene yields a crystalline nitrosate, decomp. 114°. 
8-p-Tolyl-n-hexoic acid (III; R = H), b. p. 197°/112 mm., was prepared by two methods. 
In the first, and probably the more convenient method, although involving a larger number } 
of stages, ethyl dl-y-p-tolyl-n-valerate (V) (cf. Rupe and Steinbach, Ber., 1911, 44, 584) 
was reduced with sodium and alcohol to 8-p-tolyl-n-amyl alcohol (VI), b. p. 151°/116 mm., 
which was converted via the chloride and nitrile into (III; R =H). In the second method 


(V.) (VI.) : 
C,H,Me-CO-CH,CH,*CH,"CO,H —> C,H,Me-CMe:CH-CH,-CH,-CO,H —> (III) 

(VII.) (VIII.) 

C,H,Me-CO:CH,*CH,*CH,*CO-C,H,Me (IX.) 


i 
toluene was condensed with glutaric anhydride to give y-p-toluoyl-n-butyric acid (VII), 
| 
} 
| 
; 


oh a ee a ee Se 


m. p. 148—149°. The yield of the keto-acid was poor owing to the simultaneous formation 
of ay-di-p-toluoylpropane, m. p. 110° (IX). On treatment with methylmagnesium iodide 
methyl y-p-toluoyl-n-butyrate gave in excellent yield 8-p-tolyl-A’-hexenoic acid (VIII), m. p. 
80—81°, from which by catalytic hydrogenation (III; R = H) was prepared. The identity 
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of the acids obtained by the two methods was confirmed by the preparation of their 
p-phenylphenacyl esters, m. p. 70°. 


EXPERIMENTAL. 


dl~y-p-T olyl-n-valeric Acid.—The following method is more convenient than that described 
by Rupe and Steinbach (loc. cit.). A mixture of y-p-tolyl-A’-butenecarboxylic acid (20 g.), 
amalgamated zinc (40 g.), and water (100 c.c.) was heated under reflux, and hydrochloric acid 
(60 c.c.) added, during 6 hours; the mixture was then heated for a further 10 hours. The 
cooled solution was extracted with ether, and the extract washed with aqueous sodium carbonate 
and evaporated, yielding unreduced lactone (4g.). The sodium carbonate solution was acidified, 
and the acid (16 g.), m. p. 32°, b. p. 180°/14 mm., isolated by ether in the usual manner. The 
ethyl ester had b. p. 157°/19 mm. (Found: C, 76-4; H, 9-4. C,,H,.O, requires C, 76-4; 
H, 9-1%). 

8-p-Tolyl-n-amyl Alcohol.—A solution of the preceding ester (22 g.) in dried absolute alcohol 
(150 c.c.) was added as rapidly as possible to sodium (15 g.) and, after the initial reaction had 
subsided, the mixture was heated in an oil-bath at 130° for 1 hour. The ethyl alcohol was 
removed in steam, and the alcohol (12-5 g.) extracted from the cooled solution with ether. It 
was a viscid oil, b. p. 151°/16 mm. (Found: C, 81-0; H, 9-9. C,,H,,O requires C, 80-9; 
H, 10:1%). The 3: 5-dinitrobenzoate crystallised from methyl alcohol in prismatic needles, 
m. p. 80—81° (Found: C, 61-2; H, 5-7. Cy gH. O,N, requires C, 61-3; H, 5-4%). 

8-p-Tolyl-n-amyl Chloride——To a solution of the preceding alcohol (8-9 g.) in pyridine 
(3-95 g.) cooled in ice and mechanically stirred, thionyl chloride (6-8 g.) was gradually added. 
After 1 hour the mixture was heated on the water-bath for 3 hours, ice added to the cooled 
solution, and the oil extracted with ether. The extract was washed with dilute sulphuric acid, 
aqueous sodium carbonate, and water and dried, and the solvent evaporated. The chloride 
(9 g.) had b. p. 141—143°/17 mm.; it was redistilled for analysis, b. p. 141°/17 mm. (Found : 
Cl, 17-7. C,,H,,Cl requires Cl, 18-1%). 

8-p-Tolyl-n-hexoic Acid.—The chloride (35 g.) in methyl alcohol (100 c.c.) was digested with 
sodium cyanide (15 g.) and iodine (1 g.) for 10 hours. The crude nitrile, b. p. 150—160°/18 mm., 
isolated in the usual manner, was heated with an excess of ethyl-alcoholic potassium hydroxide 
until evolution of ammonia ceased (48 hours). After evaporation of the alcohol a little neutral 
oil was removed by ether extraction, the alkaline solution acidified, and the hexoic acid separated. 
The acid was a viscid oil, b. p. 197°/20 mm. (Found: C, 75-7; H, 8-9. C,,H,,0, requires C, 
75-7; H, 8-7%). The methyl ester had b. p. 167°/17 mm. (Found: C, 76-5; H, 9-5. C,,H,,0, 
requires C, 76-4; H, 91%). The p-phenylphenacyl ester crystallised from methyl alcohol in 
leaflets, m. p. 70° (Found: C, 81-2; H, 7-1. C,,H,,O0, requires C, 81-0; H, 7-0%). 

Condensation of Toluene and Glutaric Anhydride.—To a solution of glutaric anhydride (4 g.) 
in toluene (5c.c.) and tetrachloroethane (13 c.c.), aluminium chloride (10-4 g.) was added gradually 
(mechanical stirring). After 12 hours the mixture was heated on the water-bath until evolution 
of hydrogen chloride ceased. The cooled mixture was decomposed with ice and hydrochloric 
acid, the excess of hydrocarbon and tetrachloroethane removed in steam, and the deep brown 
residue collected. After digestion with aqueous sodium hydroxide the neutral gum (A) (1-5 g.) 
‘was removed by ether, and the alkaline solution acidified, the keto-acid (5 g.) separating as a 
brown crystalline powder. y-p-Toluoyl-n-butyric acid crystallised from benzene (charcoal) in 
prismatic needles, m. p. 148—149° (Found: C, 70-2; H, 6-8. Cy gH,,O, requires C, 69-9; 
H, 68%). The semicarbazone separated from ethyl alcohol in fine needles, decomp. 218° 
(Found: N, 15-8. C,,H,,0,N, requires N, 16-0%). The methyl ester, b. p. 192—194°/18 mm., 
crystallised in long needles, m. p. 28—30° (Found: C, 70-5; H, 7:5. C,3H,,O,; requires C, 
70-9; H, 7:°3%). The neutral gum (A) crystallised after removal of the ether; the brown 
solid was collected and washed with ether, which removed a resin, and ay-di-p-toluoylpropane 
then crystallised from either benzene or alcohol in long colourless needles, m. p, 110° (Found : 
C, 81-6; H, 7:2. C,H, 0, requires C, 81-4; H, 7:-1%). The bis-2 : 4-dinitrophenylhydrazone 
separated from cyclohexyl acetate in salmon-coloured prisms, m. p. 257° (Found: N, 17-0. 
C,,H,,0,N, requires N, 17-5%). 

8-p-Tolyl-A’-hexenoic Acid.—To a solution of methylmagnesium iodide (prepared from 4 g. 
of magnesium) in ether (100 c.c.), cooled in ice, an ethereal solution of methyl .~~-p-toluoyl-n- 
butyrate (20 g.) was slowly added. The reaction was very vigorous and a gelatinous gum 
separated. After 12 hours the magnesium compound was decomposed with ice and ammonium 
chloride, and the ether separated, washed with aqueous sodium carbonate, dried, and evaporated. 
The residual oil gave on distillation at 17 mm. two fractions, (i) (2-5 g.), b. p. 160—180°, and 
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(ii) (2-1 g.), b. p. 192°. The latter fraction crystallised and consisted of the unchanged methyl 
ester; fraction (i) was a neutral oil and was not further examined. The sodium carbonate 
solution was acidified, and the liquid acid extracted with ether. Evaporation of the dried 
extract gave an oil (13 g.) which rapidly crystallised. After draining on porous porcelain to | 
remove adhering oil, the hexenoic acid crystallised from light petroleum (b. p. 40—60°) in 
prismatic needles, m. p. 80—81° (Found: C, 76-4; H, 7-8. C,,;H,,O, requires C, 76-5; 
H, 7-8%). 

The unsaturated acid (5 g.) in alcohol was reduced catalytically with a palladium—norit 
catalyst, the absorption of hydrogen being rapid. The alcoholic solution of the saturated acid 
was mixed with an excess of aqueous sodium hydroxide, the alcohol removed on the water-bath, 
the solution acidified, and the acid extracted with ether. The acid (4-8 g.) had b. p. 193— 
194°/17 mm.; a portion of it was converted into the p-phenylphenacy] ester, which crystallised 
from methyl alcohol in leaflets, m. p. 70°, both alone and in admixture with the ester described 
above. 

dl-8-Hydroxy-C-p-tolyl-B-methylheptane.—To a solution of methylmagnesium iodide (from 
magnesium, 10 g.) in ether (500 c.c.), methyl 8-p-tolyl-n-hexoate (23 g.) was gradually added, 
the reaction being somewhat vigorous. After 12 hours the Grignard product was decomposed 
with ice and hydrochloric acid, and the ether separated, washed with aqueous sodium carbonate, 
dried, and evaporated. The residual oil (20 g.) had b. p. 165—167°/19 mm. and on redistillation 
the alcohol was obtained as a somewhat viscid oil, b. p. 164°/17 mm. (Found: C, 81-6; H, 

10-8. C,s;H,,O requires C, 81-8; H, 10-9%). The xenylurethane crystallised from light 

petroleum (b. p. 40—60°) in flat prisms, m. p. 84— 85° (Found: C, 81-3; H,7-9. C,,H,,0,N 

requires C, 81-0; H, 8-0%). 
dl-a-Curcumene.—The above-mentioned alcohol (18 g.) was heated with potassium hydrogen 

sulphate (20 g.) at 170—180° for 3 hours. The hydrocarbon was collected in ether, the ethereal ; 

extract washed with aqueous sodium carbonate, and the oil (11 g.) remaining after the removal 

of the ether from the dried extract distilled twice over sodium. The Aydrocarbon had b. p. 

134°/16 mm., 433° 0-8802, n° 1-5002 (Found: C, 88-8; H, 11-0. C,,H,, requires C, 89-1; 

H, 10-9%). The nitvosate, which was very sparingly soluble in alcohol, crystallised from f 

acetone—methyl alcohol in fine needles, decomp. 114° (Found: N, 9-0. C,;H,,0,N, requires 

N, 9-5%) 

Ozonolysis of dl-«-Curcumene.—The hydrocarbon (2 c.c.) in methyl acetate (20 c.c.) was 
ozonised at 0°, the issuing gases being passed through water (A). After removal of the solvent 
under diminished pressure the ozonide was decomposed by heating with water (5 c.c.), the volatile 
ketone being trapped in aqueous f-nitrophenylhydrazine acetate (B). The aqueous solution fd 
(A) gave on treatment with dimedone the formaldehyde derivative, m. p. 181°. From (B), i 
acetone-p-nitrophenylhydrazone (0-05 g.) separated, m. p. 148° both alone and in admixture. 
The aqueous solution from the decomposition of the ozonide was neutralised with sodium i 
carbonate, and the neutral oil (1 g.) extracted with ether, The oil reacted rapidly with semi- t 
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carbazide acetate; the semicarbazone of dl-methyl 8-p-tolylamyl ketone was collected, washed 
with ligroin to remove gum, and crystallised from methyl alcohol, from which it separated in 
leaflets, m. p. 133-——-134° (Found: N, 15-8. C,,H,,ON, requires N, 16-1%). The sodium 
carbonate solution was acidified; ether then extracted a liquid acid (0-1 g.). . 
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98. Use of the Benzyl Radical in Syntheses of Methylated Sugars. 
Part I. 4:6-Dimethyl Glucose. 
By D. J. Brett and J. LoRBER. 


Temporary etherification of positions 2 and 3 in a-methylglucoside by the non- i 
migratory radical benzyl affords an easy route to the synthetic preparation of 
4: 6-dimethyl] glucose. ; 





ETHERIFICATION by the non-migratory and comparatively stable benzyl radical of hydroxyl 
groups in sugars was first effected by Freudenberg, Hochstatter, and Engels (Ber., 1925, 
HH 
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58, 666) in the instance of diacetone glucose. 3-Benzyl glucose was obtained in this way. 
Later, Freudenberg and Plankenhorn (Amnalen, 1938, 536, 260), by methylation of the 
glucoside of the latter substance, succeeded in a synthesis of 2 : 4: 6-trimethyl glucose. 
Recently, Zemplén, Csiirés and Angyal (Ber., 1937, 70, 1848) have described a method of 
benzylation which has yielded excellent results in this laboratory. With a view to 
employing the benzyl radical to aid investigations at present in progress, as a test case 
we successfully benzylated 4 : 6-benzylidene a-methylglucoside and used the product as 
the starting point for an easy preparation of 4 : 6-dimethyl glucose. 

The original synthesis of this sugar (Bell and Synge, J., 1937, 1711) necessitated working 
in the 6-methylglucoside series and involved several rather delicate processes and the use 
of labile reagents. The present procedure, outlined below, is considerably less tedious : 


2 : 3-Diacetyl 4 : 6-benzylidene «-methylglucoside 
2 : 3-Dibenzyl 4 : 6-benzylidene a-methylglucoside 


2 : 3-Dibenzyl a-methylglucoside 


*2 : 3-Di-p-toluenesulphonyl «-methylglucoside 
*2 : 3-Dibenzyl 4 : 6-dimethyl a-methylglucoside 


*4: 6-Dimethyl ‘teaateraxni! —-> 2: 3-Di-p-toluenesulphonyl 4 : 6-dimethyl 
«-methylglucoside 


4 : 6-Dimethyl] glucose 
(* Could not be crystallised.) 


The final product was identical with that of Bell and Synge (loc. cit.). 

That no Walden inversion accompanies the removal of the benzyl groups by the 
method employed (sodium in alcohol) was proved: (a) by toluenesulphonation of our 
suspected 4 : 6-dimethyl «-methylglucoside; we thus obtained a substance identical with 
the 2 : 3-di--toluenesulphony] 4 : 6-dimethyl a-methylglucoside described by Mathers and 
Robertson (J., 1933, 1076) and prepared according to their directions, although we found 
m. p. 113° in place of 116—117°; and (b) by the purity of the free sugar obtained on 
hydrolysis of the glucoside. . 

EXPERIMENTAL. 


Polarimetric observations were made on chloroform solutions in a 2 dm. tube, unless 
stated otherwise. Solvents were evaporated under reduced pressure. 

2: 3-Dibenzyl 4: 6-Benzylidene a-Methylglucoside (I).—18 G. of 2: 3-diacetyl 4: 6-benzyl- 
idene a-methylglucoside (Mathers and Robertson, J., 1933, 696) were treated by the following 
slight modification of the procedure of Zemplén ¢é¢ al: (loc. cit.). The substance was powdered, 
and mixed with 130 g. of powdered potassium hydroxide, 27 ml. of benzyl chloride, and 250 ml. 
of xylene (the last to maintain fluidity). The whole was stirred vigorously for 4 hours at 
95—100° in a closed vessel fitted with a calcium chloride outlet-trap. The product was 
mixed with water and distilled in a vacuum until all volatile substances were eliminated. The 
residue, which crystallised, was collected, washed with water, dried, and recrystallised from 
aqueous alcohol. From two such preparations, 35 g. (75%) of fine needles, m. p. 93°, were 
obtained. [a]? — 31-2° (c = 5) (Found: C, 72-4; H, 6-4; OMe, 7-3. C,gH,,O, requires C, 
72-7; H, 65; OMe, 6-7%). 

2: 3-Dibenzyl a-Methylglucoside (II).—35 G. of (I) were dissolved in a mixture of 450 ml. 
of acetone, 100 ml. of water, and 30 ml. of n-hydrochloric acid and boiled under reflux until 
the rotation of the solution was constant. After neutralisation of the acid with barium 
carbonate and the addition of more water the solution was evaporated to dryness. The 
residual syrup crystallised on keeping; the yield was theoretical. The substance crystallised 
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in needles, m. p. 75—76°, from light petroleum (b. p. 60—80°).- [a]}* + 18-8° (c = 4-9) (Found : 
C, 66-6; H, 6-8; OMe, 8-6. C,,H,,O, requires C, 67-3; H, 6-95; OMe, 8-2%). 

2 : 3-Dibenzyl 4 : 6-Dimethyl a-Methylglucoside (III).—(A) 6-2 G. of (II) were methylated 
twice with Purdie’s reagents, and the product distilled in a high vacuum. The main fraction, 
b. p. 215—220°/0-03 mm. (bath temp.), had }® 1-5291 and [a]}* + 32-9° (c = 5) (Found: 
OMe, 23-3. C,3;H;,0O, requires OMe, 23-1%). 

(B) (II) may also be methylated, in acetone solution, with methyl sulphate and alkali, but 
a final treatment with Purdie’s reagents is necessary. After three methylations with methyl 
sulphate the distilled product had ni’ 1-5305 and OMe, 21-8%; after a further treatment with 
methyl iodide and silver iodide, nn was 1-5273 and [a]}° + 31-8° (c = 5) (Found: OMe, 
22-1%). 

4: 6-Dimethyl a-Methylglucoside (IV).—The only method for the removal of the benzyl 
groups from (III) which gave satisfactory results was the following modification of the pro- 
cedure of Freudenberg and Plankenhorn (Joc. cit.). 8-2 G. of (III) were dissolved in 80 ml. of 
97% alcohol, and 12-5 g. of metallic sodium added fairly rapidly in small portions. When 
found necessary, small amounts of alcohol (40 ml. in all) were added, and the reaction mixture 
warmed to complete the solution of the sodium. Some water was then added to give a clear 
solution; from this the bulk of the sodium was precipitated as the bicarbonate by saturation 
with carbon dioxide. The filtered solution was evaporated to dryness, and the residue 
extracted with ether. The ethereal solution was evaporated to dryness and the syrup which 
remained was subjected to partition between benzene and water. The benzene layer con- 
tained 0-4 g. of material and the water layer on evaporation yielded 3-6 g. of a colourless syrup. 
4-2 G. of such material were distilled in a high vacuum; the first fraction (bath temp. up to 
160°/0-5 mm.) amounted to 3-0 g. of a syrup which could not be crystallised and had n?" 1-4698 
(Found: OMe, 40-7. C,H,,0, requires OMe, 41-8%). On continuing the distillation up to 
185°, about 1 g. of a very viscous syrup distilled; this apparently contained material of low 
methoxyl content. 

Another preparation, distilled at 140—142°/0-05 mm., had u}* 1-4710. Redistilled, it had 
my 1-4715 and [a]? + 156-8° (Found: OMe, 40-2%). The substance could not be crystal- 
lised, but subsequent investigation showed that it must be essentially 4 ; 6-dimethyl «-methyl- 
glucoside. 

2 : 3-Di-p-toluenesulphonyl 4: 6-Dimethyl a-Methylglucoside (V).—(A) From 2: 3-di-p- 
toluenesulphonyl a-methylglucoside. This substance was prepared and methylated according to 
Mathers and Robertson (J., 1933, 1076). Our product melted at 113° despite recrystallisation 
from a number of different solvents, and had [a]}®° + 55-5°. The original authors give 116° as 
the m. p. of their product; in view of this, and the fact that they do not record an elementary 
analysis, we do so here (Found: C, 52-1; H, 5- 6; S, 11-2; OMe, 17-6. Calc. for C,3H,0;9S;, : 
C, 52-1; H, 5-7; S, 12-0; OMe, 17-6%). 

(B) From (IV). 0:4 G. of distilled material was twice treated with -toluenesulphonyl 
chloride in dry pyridine at 38° and worked up in the usual way, 0-8 g. of crude product being 
obtained. Repeated crystallisation from methyl alcohol failed to raise the m. p. above 113°. 
[a]3}®° was 55-0° (c = 2-4) (Found: C, 52-2; H, 5-5; S,11-4; OMe, 18-0%). The mixed m. p. with 
the product from (A) was 113°; the two substances are therefore identical and the structure 
assigned to (IV) is thus confirmed. . 

4 : 6-Dimethyl «-Glucose.—3-6 G. of (IV) were heated at 100° with 50 ml. of n-hydrochloric 
acid, the course of the hydrolysis being followed polarimetrically. The product, isolated as 
described by Bell and Synge (loc. cit.), crystallised in needles from ethyl acetate in good yield. 
It melted at 156—157°, alone or mixed with authentic 4 : 6-dimethyl a-glucose. The muta- 


rotation of the sugar, determined in water, compared well with the original observations 
(c, 4; 2, 2): 


















































Time (mins.) .. REVERT 3 23 29 60 1140 
[a]S ee eeesecseecsseecseecnseeseeeee 108-4° = 102-3° 100-6" +. 87:9 ~~ +.65+7° (const.) 
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Jones and Meakins : 


99. Lwpanetriol and its Oxidation. 
By E. R. H. Jones and R. J. MEAKINS. 


The presence of an exocyclic methylene group in the triterpene alcohols lupeol and 
betulin has been conclusively proved by the oxidation of lupaneiriol with lead tetra- 
acetate to the keto-alcohol (norlupanonol), C,,H,,0,, previously obtained by the 
oxidation of lupeny] esters either with ozone or with chromic anhydride (J., 1938, 329). 


PREVIOUS attempts to prepare a lupanetriol by the hydroxylation of the monoethylenic 
triterpene alcohol lupeol have been unsuccessful. Treatment with hydrogen peroxide 
unexpectedly leads to the production of a saturated diol, m. p. 258° (Heilbron, Kennedy, 
and Spring, J., 1938, 329), and we find that neither lupeol nor its benzoate is affected by 
prolonged agitation with neutral or alkaline permanganate. Ruzicka and Rosenkranz 
(Helv. Chim. Acta, 1939, 22, 778) isolated a hydroxy-aldehyde in an attempt to prepare 
such a triol by fission of the oxide ring of lupeol oxide. Criegee’s elegant method (Amnalen, 
1936, 522, 75) for the conversion of unsaturated compounds into cis-a-glycols has recently 
found considerable application in steroid chemistry (Serini and Logemann, Ber., 1938, 71, 
1362; Butenandt, Schmidt-Thomé, and Paul, Ber., 1939, 72, 1112; Miescher, Wettstein, 
and Scholz, Helv. Chim. Acta, 1939, 22,894; Ushakov and Lieutenberg, J. Gen. Chem. Russ., 
1939, 9, 69), but no accounts of its employment in the triterpene series have been recorded 
in the literature. Osmium tetroxide in anhydrous ether reacts neither with dihydrobasseol 
(or its acetate) nor with B-amyrenyl acetate after several weeks at the ordinary temperature, 
whereas with lupeol, basseol and basseol acetate under similar conditions a rapid precipit- 
ation of an osmium complex is observed. The osmic acid addition product formed in this 
way from lupeol can be decomposed either by the original sodium sulphite method suggested 
by Criegee (loc. cit.) or by reduction withformaldehyde (Reich, Sutter, and Reichstein, 
Helv. Chim. Acta, 1940, 28, 170), yielding lupanetriol, C,,H;,03, m. p. 278—284° (decomp.), 
in good yield. Acetylation of this triol with acetic anhydride in pyridine produces a 
triol-diacetate, C,,4H;,0,, m. p. 174°, indicating that the triol contains a tertiary hydroxyl 
group. 

Further information about the triol was obtained by its oxidation with lead tetra- 
acetate to a keto-alcohol, C.,.H,,0,, m. p. 230° (acetate, m. p. 260—262°), subsequently 
referred to as norlupanonol. Although no oxime could be obtained, the ketonic nature 
of this compound, m. p. 230°, was indicated by its absorption spectrum in alcoholic solution 
(maximum, approx. 28404.; log «= 1-6). This isolation of a compound containing 
only two oxygen atoms by lead tetra-acetate oxidation of the triol provides incontestable 
evidence that the ethenoid linkage in lupeol is exocyclic, as was originally suggested by 


Sarr: eee” 
CH, CH,-OH 
Lupeol. Lupanetriol. Norlupanonol. 

Heilbron, Kennedy, and Spring (loc. cit.) following on the isolation of formaldehyde in 
18% yield by the ozonolysis of lupenyl acetate. The isolation of a hydroxy-aldehyde 
by the fission of lupeol oxide (Ruzicka and Rosenkranz, Joc. cit.) can only be explained by 
the presence of an exocyclic methylene group in lupeol, and since Ruzicka and Brenner 
(Helv. Chim. Acta, 1939, 22, 1523) have demonstrated that betulin (C,,H;,0,) differs from 
lupeol solely in that one of the methyl groups of the latter appears in betulin as a primary 
carbinol group, #.¢., -CH, == —CH,°OH, it follows that the ethylenic linkage of betulin is 
similarly exocyclic. 

The possibility that a vinyl group, such as is present in dextro-pimaric acid (Ruzicka 
and Sternbach, Helv. Chim. Acta, 1940, 23, 124, and earlier references), may occur in lupeol 
(cf. Dieterle and Biedebach, Arch. Pharm., 1938, 276, 312) had to be considered. Such a 
possibility, however, would not admit of the presence of a tertiary hydroxyl group in the 
triol, and an aldehyde, which should form an oxime and smoothly yield a carboxylic acid 
on oxidation, would be formed on treatment with lead tetra-acetate. 
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Oxidation of lupenyl esters either with ozone or with chromic anhydride (Heilbron, 
Kennedy, and Spring, loc. cit.; Duerden, Heilbron, McMeeking, and Spring, J., 1939, 322; 
Ruzicka, Schellenberg, and Rosenkranz, Helv. Chim. Acta, 1938, 21, 1391; Biedebach, 
Arch. Pharm., 1939, 277, 163) or of lupenyl acetate oxide with chromic anhydride (Ruzicka 
and Rosenkranz, Joc. cit.) yielded, after hydrolysis, a keto-alcohol, m. p. 232° (acetate, 
m. p. 260—262°), of uncertain composition, although Biedebach (loc. cit.) after a careful 
examination of the analytical data found better agreement with a Cy, rather than with a 
Cy) formula. We have now established the identity of this compound with the norlupanonol 
obtained by the fission of lupanetriol and it becomes evident that the loss of a carbon atom 
accompanies both the ozonolysis and the chromic anhydride oxidation of lupenyl esters. 
A similar process must occur in the reaction of lupenyl acetate with hydrogen peroxide, 
since the diol, m. p. 258° (vide supra), was also produced by the sodium and alcohol reduction 
of norlupanonol. 

EXPERIMENTAL. 


All m. p.’s are uncorrected. Analytical specimens were dried at 100° in a high vacuum for 
3 hours. 

Lupanetriol.—A solution of lupeol (1-15 g.) and osmium tetroxide (0-95 g.; 1-2 mols.) in 
anhydrous ether (170 c.c.) was set aside at 10° for 5 days while the black osmium complex was 
gradually deposited. The ether was removed under diminished pressure and the residue was 
heated under reflux on the steam-bath for 2 hours with a solution of crystalline sodium sulphite 
(23 g.) in water (230 c.c.) and alcohol (116 c.c.). After filtration, the black precipitate was thrice 
extracted with boiling alcohol and this was then removed from the combined filtrates in a 
vacuum, The white flocculent solid so obtained was crystallised three times from benzene, 
yielding /upaneiriol (845 mg.) in fine needles, m. p. 278—284° (decomp.). The m. p. varies 
several degrees according to the rate of heating. [a]? +2-1° (1 = 1, c = 1-3 in pyridine) 
(Found: C, 78-2; H, 11-6. C,,H,,O, requires C, 78-15; H, 11-4%). The triol sublimes 
unchanged at 165° in a high vacuum (10° mm.). 

Lupanetriol Diacetate—— A mixture of the triol (150 mg.), pyridine (2-5 c.c.), and acetic 
anhydride (1 c.c.) was set aside for 15 hours at 10° and the product, after precipitation with 
water and isolation by means of ether, was thrice crystallised from light petroleum (b. p. 60— 
80°). Lupaneiriol diacetate (110 mg.) separated in aggregates of fine needles, m, p. 174°, [a]? 
+4-5° (1 = 1, c = 1-6 in chloroform) (Found: C, 75:4; H, 10-5. C,,H,,O; requires C, 74-9; 
H, 10-4%). A similar yield of the diacetate was obtained when the mixture was heated at 100° 
for 4 hours. Hydrolysis of the diacetate (60 mg.) with alcoholic potassium hydroxide (7 c.c. ; 
10%) and crystallisation of the product from benzene gave lupanetriol, m. p. 281—284° (decomp.) 
alone or mixed with an authentic specimen. 

Norlupanonol.—The triol (250 mg.) in acetic acid (35 c.c.; distilled from chromic anhydride) 
was treated with lead tetra-acetate (300 mg.; 1-25 mols.) and the solution was kept at 10° for 
19 hours. The solid obtained on precipitation with water was taken up in ether, and the 
ethereal solution washed with water, sodium bicarbonate solution, twice with aqueous potassium 
hydroxide, once again with water and then dried, Repeated crystallisation of the solid, m. p. 
211—215°, obtained on removal of the ether, from acetone gave norlupanonol in flat needles 
(100 mg.), m. p. 230° showing no depression on admixture with a specimen obtained by the 
oxidation of lupenyl acetate with chromic anhydride. [a]? —15° (1 = 1,c = 1-5inchloroform). 
Heilbron, Kennedy, and Spring (Joc. cit.) give [a]? —13-2° (Found: C, 81-0; H, 11-3. Calc. 
for C,,H,,0O,: C, 81-2; H, 11-3%). Norlupanonol was recovered unchanged after heating under 
reflux for 4 hours with hydroxylamine acetate in methyl alcohol. The keto-alcohol (90 mg.) 
was heated on the steam-bath for 4 hours with pyridine (2 c.c.) and acetic anhydride (1 c.c.). 
Careful addition of water and cooling gave a crystalline solid which on recrystallisation from 
alcohol yielded norlupanony] acetate, m. p. 260—-262°, undepressed on admixture with a specimen 
prepared by chromic anhydride oxidation. [«]?° +3-7° (J = 1,¢ = 16 in chloroform). Heil- 
bron, Kennedy, and Spring found [a]? +7:4° and Ruzicka and Rosenkranz (loc. cit.) give 
[a]” +0-8° and +1-2°, 


Our thanks are due to Professor I. M. Heilbron, D.S.O., F.R.S., for his interest and encourage- 
ment, and to the Rockefeller Foundation for financing this investigation. 
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100. Syntheses in the Indole Series. Part I. Synthesis of 
Indolyl-3-glyoxylic Acid and of r-3-Indolylglycine. 


By Joun W. BAKER. 


The lower homologue of tryptophan, 3-indolylglycine, is important in mechanistic 
studies of the degradation of /-tryptophan to indole by E. Coli. 

The Grignard compound of indole condenses with the acid chloride of methyl 
hydrogen oxalate to give methyl indolyl-3-glyoxylate (I), the oxime of which, isolated in 
two forms, is readily reduced to methyl «-aminoindolyl-3-acetate, from which r-3-indolyl- 
glycine is obtained on hydrolysis. 

The prototropic system present in (I) has also been examined. 


In connection with a systematic study of the mechanism of the breakdown of tryptophan 
with tryptophanase (Happold and Hoyle, Biochem. J., 1935, 29,1918; Baker and Happold, 
to be published in Biochem. J., 1940) the synthesis of a series of indole derivatives with 
amino-acid and keto-acid side chains in the 3-position has been commenced. Although 
several methods are available for the synthesis of indole derivatives which contain an alanine 
type of side chain, 3-indolylglycine, the lower homologue of tryptophan, has not hitherto 
been prepared. Repeated attempts to obtain this compound from the cyanohydrin of 
indole-3-aldehyde by the method of Cocker and Lapworth (J., 1931, 1391) proved un- 
successful, as also did various methods using indolyl-3-acetic acid as a starting material. 
Attention was then turned to the use of the Grignard compound of indole itself. Condens- 
ation of equimolecular quantities of the acid chloride of methyl hydrogen oxalate with 
indolylmagnesium iodide, the former reagent being in excess throughout the reaction, 
affords a good yield of methyl indolyl-3-glyoxylate (I). As anticipated, this contains a 
prototropic pentad system. It affords an acetyl derivative (? O- or N-) and with xenyl- 
carbimide it affords the xenylurethane (II) of the enolic form (Ib). Methylation of (I) 
with sodium methoxide and methyl iodide readily ccnverts it into methyl 1-methylindolyl- 
3-glyoxylate (III). Hydrolysis of (I) with 2N-potassium hydroxide gives indolyl-3-glyoxylic 
acid (IV), which gives almost colourless solutions in benzene and ethyl acetate, although 
the crystals themselves are yellow. The same acid is obtained from the amide (V) either 
by hydrolysis or by the action of nitrous acid. A substance thought to be this acid was 
obtained in small yield by Sanna (Rend. Seminario facolta Sci. Univ. Cagliari, 1934, 4, 28: 
cf. Chem. Abstr., 1936, 6363) by boiling 3-trichloroacetylindole with aqueous potassium 
carbonate, but all attempts to obtain a copy of this paper have been unsuccessful, so a 
comparison of the properties of the two specimens has not been possible. Reduction of 
(I) with aluminium amalgam in moist ether converts it into methyl indolyl-3-glycollate 
(VI). Sanna (loc. cit.) claims to have obtained the corresponding indolyl-3-glycollic acid, 
m. p. 174°, by hydrolysis of 3-dichloroacetylindole with boiling 5% potassium hydroxide 
solution, followed by acidification with dilute hydrochloric acid. Hydrolysis of (VI) 
with N-sodium hydroxide at about 50°, followed by addition of a very slight excess of 
0-5N-hydrochloric acid, gives an immediate white precipitate of an acid, which, however, 
rapidly turns violet, presumably owing to atmospheric oxidation, since the colour is 
destroyed by reduction with a little zinc and hydrochloric acid. This rapid oxidation 
militates against purification. The acid can be isolated as a dark violet powder which with 
ether affords an almost colourless solution, leaving the coloured materialinsoluble. Addition 
of light petroleum to the ethereal solution gives a white precipitate, which immediately 
turns violet again. Although only an abstract of Sanna’s paper is available, it appears 
doubtful whether the acid he describes was actually indolyl-3-glycollic acid. 

Methyl indolyl-3-glyoxylate affords a convenient material from which to synthesise 
3-indolylglycine. When refluxed with hydroxylamine hydrochloride and barium carbonate 
in dry methyl alcohol, it is converted into a mixture of oximes (VII); oxime-A is the 
major product, and a small amount of oxime-B can be isolated with difficulty from the 
mother-liquor. Reduction of oxime-A with aluminium amalgam in moist ether converts 
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it into methyl «-aminoindolyl-3-acetate (VIII), from which r-3-indolylglycine (IX) is readily 
obtained by hydrolysis with warm N-sodium hydroxide. 

The condensation of ester acid chlorides of dibasic acids with indolylmagnesium iodide 
thus appears to open up a fertile field of synthesis in the indole series, but since the investi- 
gation is likely to be interrupted by present conditions it was decided to place these 
preliminary results on record. They are summarised in Table I. 


TABLE I. 
(III.) M. p. 98°. (VI.) M. p. 82-5°. (II.) 


Nao 
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HNO. 
(IV.) M. p. 216° (decomp... <——— (V.) M. p. 252°. 
or KOH 


-NaOH * Al- 
(IX.) M. p. 221° (decomp). <““™_ wiry) Mp.iis. <“Bsay 
Oxime-A, m. p. 174°. 
Oxime-B, m. p. 143°. 
EXPERIMENTAL. 


Methyl Indolyl-3-glyoxylate.—A solution of 17-4 g. of indole in 100 c.c. of dry ether was added 
to a cold solution of the Grignard compound prepared from 3-6 g. of magnesium turnings and 
24 g. of ethyl iodide in about 30 c.c. of dry ether. The mixture was refluxed until the evolution 
of ethane ceased. The resulting solution of the Grignard compound of indole was added drop- 
wise with vigorous mechanical stirring to a solution of 18-3 g. of the acid chloride of methyl 
hydrogen oxalate (Scholl and Egerer, Annalen, 1913, 397, 326) cooled in ice-salt. The product, 
containing a thick, dark brown mass, was immediately decomposed with ice and ammonium 
chloride, the liquid filtered, and the residual ester washed with ether-—acetone to remove 
colouring matter. Crystallisation of the almost colourless ester (16 g.) from absolute alcohol 
and then from acetone gave methyl indolyl-3-glyoxylate (I) in fine needles, m. p. 224° after sinter- 
ing at about 210° (Found: C, 64:6; H; 44; N, 69. C,,H,O,N requires C, 65-0; H, 4-4; 
N, 6-9%). A further quantity of the ester, obtained by concentration of the ethereal layer 
together with ethereal extracts of the aqueous liquor after washing with sodium bicarbonate 
solution and drying over sodium sulphate, was purified by decolorisation with charcoal and 
crystallisation from acetone. 

The ester (I) was warmed on the steam-bath with a little acetyl chloride and a few drops of 
pyridine, and the product washed with water and repeatedly crystallised from absolute alcohol ; 
the acetyl derivative had m. p. 130° (Found: C, 63-65; H, 4-5; N, 5-9. C,,3H,,0O,N requires 
C, 63-7; H, 4-5; N, 57%). 

A mixture of 0-05 g. of (I) and 0-05 g. of xenylcarbimide was gently warmed until it fused and 
was then kept at 100° for 48 hours. The product extracted by hot benzene was repeatedly 
crystallised from benzene or benzene-—ligroin (b. p. 60—80°), giving the xenylurethane (II), 
which shrank suddenly at 167° but did not clear (to a brown liquid) until 200° (Found: C, 
70-5; H, 4-65. C,,H,,0,N, requires C, 70-8; H, 4-8%). 

A little of the ester (I) was added to a few c.c. of aqueous ammonia (d 0-880) and an equal 
volume of absolute alcohol. The resulting pale yellow solution was kept at room temperature 
for 24 hours and then evaporated to dryness on the steam-bath. Crystallisation (twice) of the 
colourless crystalline residue from hot aqueous alcohol gave slightly impure indolyl-3-glyoxyl- 
amide (V), m. p. 252° (slight decomp.) (Found: C, 62:9; H, 4:2; N, 14-1. C,,H,O,N, requires 
C, 63-8; H, 4:3; N, 14.9%). When boiled with concentrated aqueous potassium hydroxide, 
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the amide evolved ammonia and gave a yellow solution, acidification of which gave the acid 
(IV) (below). The same acid was obtained, together with much unchanged material, when the 
amide was warmed (50—60°) with sodium nitrite in aqueous-alcoholic hydrogen chloride. 
After cooling, much unchanged amide crystallised. The mother-liquor was evaporated to dry- 
ness on the steam-bath, and the residue extracted with boiling benzene. A small amount of 
the acid crystallised from the yellow solution so obtained. 

Indolyl-3-glyoxylic Acid (IV).—A little of the ester (I) was warmed with 10 c.c. of 2N-sodium 
hydroxide at 40—50° and the yellow solution, after being kept at room temperature for 2 hours, 
was filtered into ice-cold hydrochloric acid. The precipitated acid was filtered off, washed with 
water, drained on porous tile, and repeatedly crystallised from ethyl acetate—benzene. The 
acid, m. p. 216° (decomp.) after darkening at 196°, was obtained in fan-like clusters of small 
yellow needles (Found: C, 64-1; H, 3-7; N, 7:35. C,gH,O,N requires C, 63-5; H, 3-7; 
N, 7-4%). ' 

Methylation of (I).—The ester (I) (1-0 g.), dissolved in dry methyl alcohol, was added to a 
solution of 0-11 g. of sodium in 20 c.c. of dry methyl alcohol, and the yellow solution refluxed 
for 10 minutes. An excess of methyl iodide (3 c.c.) was added, and the solution refluxed for 
1-5—2 hours. After evaporation of most of the methyl alcohol the residue was dissolved in 
ether, washed with water and aqueous sodium carbonate, and dried over calcium chloride. 
When the ethereal solution was concentrated, some unchanged (I) (m. p. and mixed m. p. 
222°) separated; the residue from the mother-liquor slowly crystallised in a vacuum desiccator. 
After draining on porous tile, crystallisation from ether containing a little methyl alcohol 
afforded methyl 1-methylindolyl-3-glyoxylate (III), m. p. 98°, in well-formed prisms (Found : 
C, 66-3; H, 5-3. C,.H,,O,N requires C, 66-35; H, 5-1%). 

Reduction of (1).—The ester (I) (1-0 g.) was reduced, in suspension in moist ether containing a 
little methyl alcohol, with aluminium amalgam (Vogel, J., 1927, 597). After 2—3 hours the 
liquid was filtered, and the residual aluminium hydroxide repeatedly extracted with dry ether. 
The residue from the combined ethereal extracts after drying over sodium sulphate was a non- 
homogeneous liquid, which slowly crystallised in a vacuum desiccator. After draining on 
porous porcelain the ester was repeatedly crystallised from benzene and then from ether-ligroin. 
Methyl indolyl-3-glycollate, m. p. 82-5°, was obtained in hard compact masses (Found : C, 64-4; 
H, 5-55; N, 6-9. C,,H,,O,N requires C, 64-4; H, 5-4; N, 68%). It had a great 
tendency to separate as an oil from solvents. 

Synthesis of r-3-Indolylglycine.—Oximes of (I). A mixture of 4 g. of the keto-ester, 1-75 g. 
of hydroxylamine hydrochloride, and 2-5 g. of pure barium carbonate in 200 c.c. of dry methyl 
alcohol was refluxed for 36 hours. After filtration from barium chloride the solution was evapor- 
ated to dryness on a steam-bath, and the residue repeatedly extracted with boiling ether. 
Addition of ligroin (b. p. 40—60°) to the concentrated ethereal solution gave oxime-A (VII), 
which, after repeated crystallisation from dry ether, had m. p. 174° to an orange-red liquid 
(Found : C, 60-7; H, 4:9; N, 12-5. C,,H,,O,N, requires C, 60-6; H, 4-6; N, 12-8%). From 
the accumulated mother-liquors the much more soluble oxime-B was isolated in small yield; 
after crystallisation from ether—ligroin (b. p. 40—60°) it was obtained in stellate clusters of fine 
prisms, m. p. 143° (Found: C, 61-0; H, 48%). A mixture with oxime-A softened at 140° 
and melted indefinitely between 143° and 165°. 

Reduction of the oxime. Oxime-A (1 g.), containing a little of oxime-B, (m. p. 166°) was 
reduced with aluminium amalgam made from 1-5 g. of thin aluminium foil in 100 c.c. of moist 
ether. Evaporation of a small portion of the dried ethereal extract after working up as above 
gave a residue which quickly crystallised. The main bulk of the ethereal solution was concen- 
trated, seeded, and allowed to crystallise. Crystallisation first from benzene-ligroin (b. p. 
80—100°) and finally from benzene gave methyl a-aminoindolyl-3-acetate (VIII), m. p. 118° 
(Found : C, 64-8; H, 6-1. C,,H,,0,N, requires C, 64-7; H, 5-9%). 

Hydrolysis of the glycine ester. The ester (VIII) (0-2 g.) and a little water were warmed with 
1 c.c. of N-sodium hydroxide (theoretical quantity). It went rapidly into solution. Im- 
mediate acidification with 2-0 c.c. of 0-5n-hydrochloric acid precipitated the free acid. After 
draining on porous porcelain crystallisation from a concentrated aqueous solution gave r-3- 
indolylglycine (IX), m. p. 221° (decomp.) (Found: C, 62-4; H, 5-4. C, 9H,,O,N, requires C, 
63-1; H, 5-3%). The acid is insoluble in acetone and most organic solvents. 


The author thanks the Royal Society for a grant. 
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101. Absorption Spectra of N-Substituted Auramine Dyes. 
By G. BREvER and J. SCHNITZER. 


The absorption spectra of auramine and N-substituted auramines, their hydro- 
chlorides, and picrates are recorded for the range 2000—5300 a. 


SUBSTITUTED auramines are obtained by Fehrmann’s method (Ber., 1887, 20, 2851), the 
hydrochloride being heated with an aromatic amine : 


(NMe,°C,H,),C-NH,HCl + R*-NH, = (NMe,’C,H,),C-NR,HCl + NH, 1.) 
Fehrmann thus synthesised (I; R= Ph), but (I; R= tn Geng A and (I; R= g®- 
naphthyl) were obtained by another method (D.R.P. 4407 

The salt of the unsubstituted compound is a yellow dye, ad those of the phenyl and the 
naphthyl derivatives are orange and brownish-yellow respectively. The 2-anthryl 
derivative was prepared and, as expected, was a brown dye. 


The absorption spectra of these compounds have been measured over the range 
2500—5500 a. 


Auramine hydrochloride and N-substituted auramine hydrochlorides (Fig. 1). 


Maximum, Minimum, Maximum. 








a c 


Substance. ° “A. “log «. A. log «. . log «. 
enn 4-30 3800 4-08 4-79 
N-Phenylauramine, HCl ; 4:31 3850 4-00 
N-a-Naphthylauramine, HCl /50,000 3450 


N-B-Naphthylauramine, HCl 3450 
N-2-Anthrylauramine, HCl , 3850 


Auramine and N-substituted auramines (Fig. 2). 


Auramine ..,.., concnsscoccasecccanes., BIE. | SOGG 4-38 3860 4-10 
eT PY — 2750 3-30 


N-a-Naphthylauramine ............... —_— 2870 3°84 


N-B-Naphthylauramine ............... a 2810 4-10 
N-2-Anthrylauramine ...............+++ z ~- 3900 4-00 


Auramine picrate and N-substituted auramine picrates (Fig. 


Auramine picrate .. oeueccecede coecee —_ — 2950 3-95 
N-Phenylauramine Picrate — —_— 2750 3-95 
N-a-Naphthylauramine picrate / = = 3000 4-05 
N-£-Naphthylauramine picrate n/20, 000 3450 4-51 3700 4-35 


* In these solutions chloroform was used as solvent. 


EXPERIMENTAL. 


Auramine hydrochloride was purified by crystallising “‘ Auramine O extra conc.” from 
alcohol; m. p. 265° (Found: C, 63-15; H, 7:2. Calc. for C,,H,,N;,HCIH,O: C, 63-4; 
H, 75%). 5 G. of the salt were dissolved in alcohol (1500 c.c.), cooled to 0°, and aqueous 
ammonia (d 0-88; 50 c.c.) added with stirring. The base was filtered off and crystallised from 
alcohol (after the addition of a drop of ammonia), forming slightly yellow, small crystals, m. p. 
135—136° (Graebe, Ber., 1887, 20, 3264, gives m. p. 136°). Its alcoholic solution, even if 
ammonia is added, is yellow (Semper, Annalen, 1911, 381, 46). Its sulphanilate, prepared in 
and crystallised from alcohol, formed yellow crystals, m. p. 160° (Found: C, 62-6; H, 6-5. 
C,,H,,0,N,S requires C, 62-7; H, 6-4%), and its 2-hydroxy-3-naphthoate, similarly prepared and 
crystallised, formed yellowish crystals, m. p. 142—143° (Found : C, 74-0; H, 6-2. Cy,H,,O,N; 
requires C, 73-8; H, 6-4%). Its picrate had m. p. 236° (Fehrmann, Joc. cit., gives 230—236°). 

A paste of auramine hydrochloride (5 g.) and aniline (5 g.) was heated ‘for some hours at 
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130° and then at 170° for some hours. The solid formed on cooling was washed with ether, 
dissolved in alcohol, water added, and the N-phenyl hydrochloride salted out and crystallised 
from alcohol; it formed orange micro-crystals (Found: C, 69-7; H, 6-9. Calc. for 
C,3H,5N;,HCI,H,O: C, 69-4; H, 7-1%), and dyed silk and wool an orange colour. The base 
was liberated by addition of 2nN-potassium hydroxide to the hydrochloride solution, extracted 
with benzene, the solvent evaporated, and the residue crystallised from acetone (after the 
addition of a drop of aqueous ammonia). It formed small greenish-yellow crystals, m. p. 165° 
(Graebe, loc. cit., gives m. p. 170°; Baither, Ber., 1887, 20, 3296, gives m. p. 172°); its alcoholic 
solution is colourless, and its picrate is red. 

Auramine hydrochloride (5 g.) was thoroughly mixed with ®-naphthylamine (7 g.) and 
heated at 150° for 16 hrs. The solid formed on cooling was powdered, washed by decantation 
with ether, and crystallised from chloroform. N-§-Naphthylauramine hydrochloride forms red 
micro-crystals (Found: C, 75-7; H, 6-85; N, 9-9. Calc. for C,,H,,N,,HCl: C, 75-4; H, 6-6; 
N, 9-8%), and dyes silk and wool a brownish-yellow colour. 

From the foregoing hydrochloride, the base was prepared as for its phenyl analogue. It 
formed small greenish-yellow crystals, m. p. 180—181°, from acetone (Found: C, 82-7; H, 
7-3; N, 11-05. Calc. for C,,H,,N,;: C, 82-4; H, 6-9; N, 10-7%); its alcoholic solution was 
colourless. Its picrate formed orange-red crystals from alcohol. 

The hydrochloride of the «a-naphthyl analogue was prepared as for the 8-naphthyl compound, 
and when dissolved in alcohol and basified as before it yielded the base as yellow crystals, m. p. 
225° (Found: C, 82-0; H, 6-9; N, 11-1%), colourless in alcoholic solution. 

The latter base (1 g.) was dissolved in acetone (50 c.c.), and 0-1n-hydrochloric acid (25 c.c.) 
and then water (200 c.c.) added. The solution was saturated with sodium chloride, the pre- 
cipitate filtered off, and crystallised from alcohol. The brownish-yellow powder did not give 
the analytical results required for the N-a-salt (Found: C, 70-7, 74-55, 68-5; H, 6-3, 
6-3, 6-1; N, 11-9, 10-9, 11-0. C,,H,,N,,HCl requires C, 75-4; H, 6-6; N, 9-8%). It dyed 
silk and wool a brownish-yellow colour, which changed after some days into a pale yellowish- 
buff. Skeins dyed with the other N-substituted auramine hydrochlorides kept their shade 
without any change. 

N-a-Naphthylauramine picrate, prepared in and crystallised from alcohol, formed dark red 
crystals, m. p. 175—178° (Found : C, 63-3; H, 5-1. Calc. for C;;H,0,N,: C, 63-65; H, 4-9%). 

Auramine hydrochloride (5 g.) was thoroughly mixed with 2-anthrylamine (3-5 g.) and 
heated for 24 hours at 220°, the product being treated as in the condensation with $-naphthyl- 
amine. N-2-A nthrylauramine hydrochloride formed brown micro-crystals (Found: N, 8-8. 
C,,H, N;,HCl requires N, 8-75%), and dyed silk and wool a browncolour. The base, liberated 
as before‘and crystallised from chloroform, formed brownish micro-crystals (Found: C, 84-3; 
H, 5-8; N, 9-0. (C,,H,.N; requires C, 83-9; H, 6-6; N, 9-5%). It was nearly insoluble in 
alcohol; its chloroform solution was brown. 

Absorption Spectra Data.—A quartz spectrograph (Adam Hilger, Ltd., London) which gave 
a dispersion of 25 cm. over the range in wave-length of 2000 to 10,000 a., and a tungsten-steel 
spectrum as a source of light were used. The spectrograph was equipped with a Spekker 
photometer. The solvent was alcohol except where denoted otherwise, and ¢ gives the con- 
centration. 

(Received, February 8th, 1940.] 





102. The Decomposition of Chlorosulphinic Esters. 
By MicwaeEt P. BALFE and JosEPpH KENYON. 


In view of a recent contribution by Gerrard (this vol., p. 218) the views put forward 
by Kenyon and Phillips and their co-workers on the decomposition of semi-aromatic 
chlorosulphinates are redefined. In the presence of chloride anions—derived either 
from the hydrochlorides of tertiary bases or by formation of the unstable intermediate 
addition compounds—the chloride RCI is formed with inversion of configuration. In 
the absence of tertiary base, the chloride is formed with retention of configuration, 
probably by the intramolecular mechanism postulated by Hughes, Ingold, and co- 
workers (J., 1937, 1267). 


As we believe that detailed examination of a number of the reactions which have been used 
in the study of the Walden inversion cannot fail to throw further light on their mechanism, 
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we welcome the studies of Gerrard in one branch of this work. Since, however, it 
might be inferred from certain of his observations (loc. cit.) that some of the conclusions of 
Kenyon, Phillips, and their co-workers are erroneous, we think it desirable to comment 
briefly on these points. 

It was suggested by Kenyon, Lipscomb, and Phillips (J., 1930, 415) that retention 
of configuration during the decomposition of ethyl chlorosulphinoxyphenylacetate 
[Ph-CH(O-SOCI)-CO,Et] in the absence of tertiary base was due to scission into a carbon- 
ium anion and chloride kation; later work, however, has shown that retention of configur- 
ation during replacement reactions of the type under discussion is unusual—such reactions 
are commonly accompanied either by inversion of configuration or by racemisation. 
Accordingly, we now prefer to adopt the view put forward by Hughes, Ingold, and co- 
workers (J., 1937, 1267) that the reaction proceeds by a molecular rearrangement the 
steric course of which is controlled by the dimensions of the chlorosulphinate molecule. 

In the suggestion of Kenyon, Lipscomb, and Phillips (loc. cit.) to explain why inversion 
occurs when the above-mentioned chlorosulphinate decomposes in presence of pyridine, 
the structure of the suggested intermediate is less important than the fact (emphasised 
by Kenyon, Phillips, and Taylor, J., 1931, 382) that its formation liberates chlorine anions 
which may then take up suitable positions for production of the chloride with inversion of 
configuration; these anions may also be derived from pyridine hydrochloride, as Gerrard 
(J., 1939, 99) has suggested. In the absence of a tertiary base, the decomposition occurs 
with retention of configuration as described above. When the chlorosulphinate is pre- 
pared and allowed to decompose in the presence of one molecular proportion of pyridine, 
which during the decomposition i is present as its hydrochloride, it follows that part of the 
reaction occurs with inversion of configuration (due to interaction with free chloride 
anion), and part is intramolecular, occurring with retention of configuration, the total 
product showing inversion of configuration but possessing low rotatory power. In the 
presence of tertiary base in excess, the concentration of free chloride anions is increased by 
formation of the above-mentioned intermediate; the inversion reaction is thereby facili- 
tated, and the product possesses the inverted configuration and a comparatively high 
optical rotatory power. Part of the loss of optical purity in all three types of reaction may 
also be due to racemisation of carbonium kations which become free before the approach 
of the entering anion. These observations also apply to the conversion of phenylmethyl- 
carbinol into «-phenyl-«-chloroethane by the action of thionyl chloride (Kenyon, Phillips, 
and Taylor, loc. cit.). 

The relevant papers of Kenyon, Phillips, and their co-workers were published some ten 
years ago, and although, in view of the subsequent development of the subject, in these 
laboratories and elsewhere, we would now re-word their hypotheses, many of them remain 
essentially unchanged. Prior to Gerrard’s communication (this vol., p. 218) we had 
thought that the desirable re-wording would be apparent to those interested in the subject, 
and that their publication was therefore unnecessary. 

We conclude that in so far as Gerrard’s results bear on the study of the Walden inversion, 


they agree in principle with the hypotheses put forward by Kenyon, Phillips, and their 
co-workers. 


BATTERSEA PoLyTEcHNic, Lonpon, S.W. 11. [Received, March 12th, 1940.) 





103. The Sensitisation of the Hydrogen—Oxygen Reaction by Nitrous 
Oxide. 


By C. J. Dansy and C. N. HINSHELWooD. 


If nitrous oxide is added last to hydrogen—oxygen mixtures at 550°, it behaves as 
an inert gas, but if oxygen is added last to a mixture of nitrous oxide and hydrogen, 
immediate ignition occurs. The cause of this phenomenon is traced to the production 
from nitrous oxide and hydrogen of nitric oxide in amount below that detectable by 
ordinary analytical methods. A mechanism for its formation is discussed. 
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IF nitrous oxide is added to a mixture of hydrogen and oxygen at 550° it behaves essentially 
as an inert gas. (The detailed evidence for this statement is given in Section 1 of the 
experimental results below.) If, however, nitrous oxide and hydrogen are mixed, and 
oxygen is added subsequently, there is either an immediate ignition or an autocatalytic 
reaction which eventually passes into an explosion. This remarkable influence of the 
order of addition seemed worthy of investigation. 

Some sensitiser for the hydrogen-oxygen reaction must be formed from nitrous oxide 
and hydrogen; and its formation must be inhibited or retarded by the presence of oxygen. 
This is clearly shown by the results given in Section 2: explosion occurs the more readily 
(a) the longer the nitrous oxide and hydrogen have been alone together, and (5) the smaller 
the pressure of the oxygen finally added. 

The sensitiser proves to be nitric oxide, present in amount below that detectable by the 
sensitive diphenylamine test, but demonstrable by a special method described in Section 3. 

The factors determining the explosion lead to a hypothesis about the mechanism of 
the nitric oxide formation; they can also be brought into relation with the sensitisation by 
ammonia of the hydrogen-oxygen reaction. Throughout the experimental study of 
this problem certain surface effects appear; these have had to be studied and, in the 
process, fresh information about the surface effects in the unsensitised reaction has been 
obtained (Sections 4 and 7). 

For brevity it is assumed that necessary reference will be made to previous papers on 
the hydrogen-oxygen reaction (Hinshelwood and Williamson, ‘‘ The Reaction between 
Hydrogen and Oxygen,”’ Oxford Univ. Press, 1934): but the following essential facts may 
be repeated: (a) at 550° hydrogen and oxygen give a slow reaction when the pressure 
is above the “‘ upper limit ’’ of an explosion area, (b) if the pressure is reduced, explosion 
occurs sharply at a given pressure, (c) minute amounts of nitric oxide may cause immediate 
ignition. 

EXPERIMENTAL. 
The apparatus consisted essentially of a silica reaction bulb heated in a horizontal electric 


furnace provided with a window for observing any explosion or ignition. The temperature was 
accurately maintained at 550° by means of a 


thermoregulator. The reaction bulb was con- Fie. 1. 


















































nected to a mercury manometer, to reservoirs  /30 
containing the various reagents stored over KR. 
mercury, and to the usual system of pumps. 120 = 

Hydrogen and oxygen were obtained from \ Se, 
cylinders and were dried by phosphoric oxide. _yy ~— 
Nitrous oxide from a cylinder was condensed in & 0 Nitrogen 
a trap cooled in liquid air, and was then §& as 
fractionated into an evacuated storage vessel. 
Provision was made for the withdrawal of § 
samples of reactant gas from the bulb for § 90 N 
analysis. & IN 

Upper explosion limits were determined by 
the ‘‘ withdrawal” method of Thompson and 7 Carbon 
Hinshelwood (Proc. Roy. Soc., 1929, A, 122, \\ “oxide 
610). The slow reaction at higher pressures "\~\ Water and Nitrous 
was followed manometrically. deuterium ee 

1. Evidence that Nitrous Oxide, when added  6_1_-OUG8__[___|-_\ \t- 
last, behaves as an Inert Gas.—Nitrous oxide id oe of added gas (mm). 


can be added in any proportion to hydrogen— 
oxygen mixtures at 550° without apparent 
reaction, and determinations of the position of 
the upper limit can be made by the ‘‘ withdrawal” method. Fig. 1 shows that the depression 
of the limit by nitrous oxide is almost exactly the same as that caused by carbon dioxide. 
Under these conditions, therefore, nitrous oxide behaves as an inert gas. 

In a similar way small amounts of nitrous oxide added last to hydrogen—oxygen mixtures 
have practically no effect on the course of the slow reaction at higher pressures. 

2. Experiments on the Addition of Oxygen to Mixtures of Nitrous Oxide and Hydrogen.—Slow 


Influence of nitrous oxide on the upper limit at 550° 
compared with that of other gases. 
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addition results in immediate ignition. If the nitrous oxide and hydrogen have not stood long 
and the oxygen is added rapidly, there is no explosion at first. Instead, however, of the normal 
slow reaction, there is an autocatalytic reaction which builds up to explosion in the manner 
shown in Fig. 2. This explosion occurs the sooner (a) the greater the concentration of nitrous 
oxide or of hydrogen, (b) the smaller the concentration of oxygen, and (c) the longer the nitrous 
oxide and hydrogen have been in contact. These facts are shown by the curves in Figs. 2 and 3. 

In a mixture to which oxygen had been added last, the upper limit is displaced to higher 
pressures, i.e., the mixture is more explosive and the nitrous oxide is no longer behaving as an 
inert gas (contrast Section 1). 
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Influence of concentrations on the sensitised reaction. 
Upper graph: N,O = 45 mm., O, = 100 mm., 
variable 2 Lower graph: H,=200 mm., 
N,O = 45 mm., variable O,. Explosion occurs at 
points marked by arrows. The fr for variable 
N,O resembles that for variable Hg. 


3. Identification of the Sensitiser formed from the Nitrous Oxide and Hydrogen.—Tests with 
reagents for nitric oxide, ammonia, hydrogen peroxide, and hydroxylamine all gave negative 
results, Either, then, the sensitisation is due to a substance present in too small amount to be 
detected, or it is due to something adsorbed on the walls and not removed when samples are 
taken for test. That it is in fact due to a stable substance present in the gas phase was proved 
by withdrawing a mixture of nitrous oxide and hydrogen which had reacted long enough to give 
the sensitiser, and storing it in a gasreservoir. The walls of the reaction vessel were in the mean- 
time shown to be free from special activity. The sample was then returned to the reaction 
vessel and oxygen rapidly added. The immediate ignition produced showed that the sensitiser 
had been withdrawn with the gas, and had survived storage. Similar samples were then 
treated with various reagents. The only .one which was found to remove the activity was 








(dition. 
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ferrous sulphate solution, whence it is concluded that the sensitiser is nitric oxide. The 
mechanism of its formation is discussed in Section 5. . 

4. Surface Effects —The reaction of hydrogen and oxygen at higher pressures is a chain 
reaction occurring in the gas phase: the chains, however, end, and probably start, on the vessel 
wall. The rate of reaction both of the unsensitised and of the sensitised reaction depends very 
much on the state of the vessel wall, and in a way which is similar enough for the two reactions 
to show that important stages must be common to both. 

In each, starting with a well evacuated vessel, the rate increases in successive experiments 
in a way that suggests that an adsorbed water film is being gradually built up on the silica 
surface, and that when this film is present chains start more easily or are broken less easily. 
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Fic. 4. 
Variation in reaction rate in successive experiments due to surface effects. Ay Unsensitised reaction (H, = 
200 mm., O, = 100 mm. ; temp. 550°). (b) Reaction sensitised by N,O (H, = 200 mm., O, = 100 


mm., N,O = 45 mm. ; temp. 550°). The numbers indicate the order in which experiments were made. 
In (a) before 5 the vessel was evacuated at 900° to restore its original state. 


Some results are shown in Fig. 4. For the experiments described in Section 2, a standardised 
technique ensured reproducible conditions. 

5. Discussion of the Nitric Oxide Formation.—Nitrous oxide yields the sensitiser, nitric oxide, 
presumably by interaction with some chain carrier of the nitrous oxide—hydrogen reaction. 
According to Melville (Proc. Roy. Soc., 1933, A, 142, 524), the latter takes place as follows : 


N,O = N, a oO H -t- N,O = N; + OH 
O +H, = OH+H OH+H, =H,O+H 


The radicals which are possibly responsible for the formation of nitric oxide are O, OH, and 
H. Increase in the oxygen concentration in a system containing hydrogen will increase the 
concentration of OH and O by favouring the normal hydrogen-oxygen chain. But the formation 
of nitric oxide is inhibited by oxygen: whence it seems that only the hydrogen atom can be 
responsible, and we have to assume a mechanism starting with the process N,O + H = 
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NO + NH. This process must be a slow one, the formation of the sensitiser being in fact 
gradual. 


In the absence of oxygen we have : 


(1) NO+H, =N, +OH+H (Rate F, ) 
(2)H +N,O=N, + OH (Constant ,) 
(3) OH +H, =H,O+H ( oh ks) 
(4) NO +H =NO + NH (slow) ( pe Ry) 


When oxygen is present in the system it competes with the nitrous oxide for reaction with 
hydrogen atoms. The most probable scheme being taken for the hydrogen—oxygen reaction, 
the following steps must then also be taken into consideration : 





(5) H +0,+M =HO,+M (Constant ;,) 
(7) HO, —> destroyed at wall ( a eae 
These equations lead to the expression 
d [NO] _ Fyk, [N20] 
nN k, [Hg] } 
k[O 1—-—** _ 
LOA) — FET 


This equation predicts that in the presence of oxygen the rate of formation of nitric 
oxide will be increased by raising the nitrous oxide concentration, and reduced by raising the 
oxygen concentration. The greater the hydrogen concentration becomes, the more nearly the 
term k, [H,]/(R,[H,] + #,) approaches unity, hence the more nearly the denominator approaches 
zero. Increase in the hydrogen concentration will therefore raise the rate of formation of 
nitric oxide. These conclusions are in agreement with the experimental observations. 

That the influence of the vessel wall is so closely similar for the normal and the sensitised 
reaction can be accounted for by the fact that step (7) of the above scheme is common to both. 

6. Comparison of Nitrous Oxide Sensitisation with Ammonia Sensitisation.—Hydrogen- 
oxygen mixtures at 500° are sensitised by small amounts of ammonia, which causes an auto- 
catalytic reaction ending in explosion (Williamson and Pickles, Trans. Faraday Soc., 1934, 30, 
927). The real sensitiser can be shown to be formed by interaction of ammonia with chain 
carriers of the hydrogen—oxygen reaction. All the facts were found to be consistent with the 
hypothesis that formation of nitric oxide is responsiblefor the sensitisation, except for one 
apparent anomaly. Small quantities of nitric oxide added initially to the system appeared not 
to shorten the time required to build up the critical concentration of the sensitiser. Repetition 
of the earlier work has now confirmed all the previous results, except this anomalous one. It 
now appears that the amounts of nitric oxide added initially were enough to cause partial 
ignition, difficult to observe, and that the subsequent measurement of the time to explosion 
referred to a system with quite different concentrations. If the amount of nitric oxide added is 
sufficiently small, the expected shortening of the time to explosion can in fact be observed. 
There is thus now no reason to doubt that nitric oxide is the sensitiser in both cases. From 
nitrous oxide it is formed by the action of hydrogen atoms, and from ammonia by the action of 
oxidising chain carriers such as O, OH, or HO,. 

7. Note on the Unsensitised Hydrogen—Oxygen Reaction.—In the course of these experiments 
the following additional information about the normal hydrogen-oxygen reaction has been 
obtained ; 

(a) The influence of deuterium oxide on the upper limit is almost identical with that of steam. 
Fig. 1 shows that this influence, relative to that of other gases, is greater than would be expected 
from the diffusion coefficients, and indicates that there is a specific influence on the chain- 
starting or -stopping processes. 

(b) The activating influence of water on the silica wall is confirmed, Fig. 4 (a2) showing how 
it may be controlled by evacuation of the bulb at a high temperature. Curves 1 and 5 were 
obtained after this treatment, a progressive activation by steam having been observed in the 
meantime (curves 2, 3, and 4). 

(c) More complete removal of all traces of water vapour and more rapid working show that 
earlier values for the upper explosion limit, which is very sensitive to traces of water, should be 
somewhat increased. The new value at 550° is 128 mm. 


[Received, February 22nd, 1940.] 
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104. Catalytic Toxicity and Chemical Structure. Part VI. 
The Poisoning of Platinum Catalysts by Meials. 


By E. B. MAXTED and A. MARSDEN. 


The toxicity of various metallic ions towards platinum in catalytic hydrogenation 
has been examined quantitatively. In general, the relative obstructive effect per 
atomic unit of metal adsorbed on the catalyst, namely, the relative coverage per adsorbed 
atom, appears to vary not only with the atomic size’ of the poisonous metal but also 
with its ordinary valency. This variation, and the regularities observed in Part V, 
are of interest in connection with the probable nature of the linkage involved in catalyst 
poisoning and in specific chemisorption generally. 


ALTHOUGH it is well known that certain metals, such as mercury, zinc, and others, act as 
poisons towards platinum and similar catalysts, the list of definitely toxic metals appears 
to require more precise establishment, and little is known with regard to their relative 
toxicity. The occupation of a catalytic surface by the adsorption of, for instance, toxic 
metallic ions from a solution constitutes a particularly simple type of poisoning, since the 
adsorption of simple structures only is involved, although the nature of the obviously strong 
linkage—by virtue of which these metallic poisons are preferentially and obstructively 
adsorbed even when present only in very small concentrations—is less easy to understand 
than in the case of bonds between a platinum or other metallic catalyst and a non-metallic 
poison such as sulphur or phosphorus. 

Two points are of special interest in connection with poisoning by these elementary 
poisons, viz., the influence of atomic or molecular size and of valency, since it was considered 
that the relative toxicity of simple atoms of known size and of known probable valency 
might throw light on the packing of poison layers on catalytic surfaces and, particularly, 
on the influence of the ordinary effective valency of a poison atom on the relative number of 
poison atoms associated with each surface element. The latter point is of considerable 
interest as an approach to the wider problem of determining to what extent the chemi- 
sorption of catalyst poisons, and of strongly held adsorbed species generally, involves 
linkage by ordinary electronic valency bonds. With regard to the effect of size, it should 
be noted that, if mere mechanical covering—area for area—is involved, the toxicity should 
increase continuously with the atomic size, whereas, if the adsorption of these poisonous 
metals takes place stoicheiometrically, the toxicity per g.-atom adsorbed should (at any 
rate in the simplest type of placentation, involving a single poison atom on each surface 
element of the catalyst) remain constant, in place of increasing with the size of the adsorbed 
metal atom, until the effective radius of the toxic atom exceeds that of the adsorbing element, 
whereupon a packing factor, due to the overlap of the adsorbed atom beyond the boundary 
of the original adsorbing surface element, should be introduced. Further, stoicheiometric 
adsorption should involve valency as well as size. 

For the strict comparison of relative coverage per atomic or molecular unit, except with 
poisons which are substantially completely adsorbed, it is necessary to compare true toxi- 
cities (J., 1938, 2071) based on the toxic effect observed per unit of poison actually adsorbed 
on the catalytic surface, rather than effective toxicities which are based on the observed 
poisoning effect per unit of total poison present, including that which remains unadsorbed 
in the free liquid phase. 

It may be noted, in connection with these two toxicity scales, that effective toxicity, 
which is the toxicity observed in the ordinary way, will be dependent on factors of two 
types, viz., (i) on a size or effective individual coverage factor, which controls the number 
of surface elements (or, in general, the surface area) of the catalyst obstructively occupied 
or influenced by each molecule or atom of poison in an adsorbed state, and (ii) a factor 
dependent on the average length of stay of the adsorbed molecule on the surface, This 
may be formulated by an expression of the type : 


Effective toxicity = f(s),(r) 


in which s is the size factor and r the adsorbed life. With all poisons, the adsorbed life is 
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relatively long compared with that of normal adsorbed species: indeed, it is by virtue of 
this length of life—which is reflected in the low ratio of desorption to adsorption—that a 
poison acts obstructively, by accumulation in the adsorbed state, even when present only 
in traces; and, in the extreme case of an infinite adsorbed life, all the poison, provided that 
this is not present in excess of the amount required for saturation of the surface, will accu- 
mulate on the catalyst in this way, since the rate of desorption will be nil. Since the ad- 
sorbed life is intimately connected with the partition of the poison between the adsorbed 
and the free liquid or gas phase, it is possible, by determining this partition ratio and con- 
sequently the actual adsorbed concentration of the poison on the catalytic surface, to elimi- 
nate the adsorbed life factor altogether and to calculate the inhibitive effect exerted by 
each g.-atom of the poison in the adsorbed state, without the complication of the life factor. 

In the present work, the various metals have been employed, usually as acetates, in 
alcoholic or acetic acid solution, the acetic ion being non-toxic; and their toxicity towards 
a standard preparation of platinum black has been measured for the hydrogenation of 
crotonic acid. 

EXPERIMENTAL. 


Preliminary Measurements.—It was considered advisable, in the first place, to determine 
what metals are appreciably toxic towards platinum under these conditions, Paal and his 
collaborators (Ber., 1911, 44, 1013; 1913, 46, 3069, 4010; 1918, 51, 711, 894), who worked 
however with platinum or palladium supported on finely divided metals, or on their oxides or 
carbonates, rather than with poisons adsorbed from solution, found in general that an inactive 
catalyst resulted with platinum or palladium in conjunction with mercury, bismuth, lead, tin, 
zinc, cadmium, copper, aluminium or iron, but that the platinum or palladium acted normally 
if supported on magnesium, nickel or cobalt. The general catalytic toxicity of many of these 
metals, especially that of mercury, bismuth, lead, zinc, and cadmium, has subsequently become 
well recognised, at any rate qualitatively. 

The results of a somewhat more extensive preliminary survey, in which the drop in activity 
was measured quantitatively, are summarised in Table I, which contains all the metals tested 
in the present work. Any division of these metals into toxic and non-toxic elements is in prin- 
ciple merely one of degree, since toxicity is of course a relative term. However, in practice, 
the division is fairly definite ; and the metals grouped as toxic destroyed the activity of the plati- 
num even when present in very small amounts (for the order of these, see later), whereas the 
elements marked non-toxic did not measurably depress the hydrogenation rate even when present 
in relatively large quantities, for instance in 100 to 1000 times the amount required for a sub- 
stantial reduction of activity in the case of the poisonous metals. j 


TABLE I. 
Periodic group. Toxic. Non-toxic. 
I Cu, Ag, (Au) Alkali metals 
II Zn, Cd, Hg Alkaline earths, Mg, Be 
III Tl, (In) Al, La, Ce, and rare earths 
IV (Ti), Sn, Pb Zr, Th, and rare earths 
Vv Bi — 
VI — Cr 
VII Mn — 
VIII Fe, Co, Ni — 


Toxic non-metals, such as sulphur, phosphorus, arsenic, and antimony, have been excluded 
from Table I; further, the metals enclosed in parentheses are only slightly toxic. 

At first sight, many of the toxic metals, e.g., copper or silver, are those which, in the presence 
of catalytically activated hydrogen, might be precipitated on the platinum in the form of metal- 
lic deposits stable in the solvents (acetic acid or alcohol) used, in which case loss of activity 
could occur by virtue of mechanical covering rather than by specific adsorption. However, 
mechanical deposits of metals such as zinc, cadmium or manganese are not likely to be formed 
and should not be stable in acetic acid; and it is difficult to account in this way for the low 
toxicity (see later) of the gold group. It should be mentioned that with some metals, especially 
in the case of silver, visible progressive coagulation of the finely-divided platinum occurred 
during catalysis (but not on adding the poison to the system or on merely allowing this to remain 
in contact with the poison), with corresponding mechanical reduction in the activity of the 
catalyst, by loss of surface, as the reaction progressed; and, although the activity at the start 
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was obtained by extrapolation of the falling activity to zero time, this factor must necessarily 
affect the accuracy of the measurements in such cases. Coagulation during reaction could be 
prevented ‘by using a supported catalyst, but, in this case, the complication of the adsorption 
of poison also by the support would have been introduced. 

Relative Toxicities—Series I. Cu, Ag, Zn, Cd, Hg, Tl, Sn, Pb. The relative effective 
toxicities of these metals, as acetates, in each case in alcoholic solution and towards the same 
stock of platinum (Platinum I), are shown in the figure. The method of measurement was similar 
to that used in earlier determinations of toxicity (J., 1934, 26, 672; 1937, 603, 1004; 1938, 455, 
839), to which reference should be made for experimental details and method of expression. 
The system taken consisted in each case of 0-1 g. of platinum, 10 c.c. of N-crotonic acid in alco- 
holic solution, and a known quantity of the poison. Hydrogenation was carried out at 25° in 
a shaker under standardised conditions. 
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Poison content, g.-atoms x 107. 


It will be seen from the figure that copper, silver, and, perhaps rather unexpectedly, tin have 
approximately the same toxicity, which is the lowest in the series. Mercury is next in order 
of toxicity, followed by thallium, while zinc, cadmium and lead form another group of approxi- 
mately equal toxicity, which is higher than that of the other metals. The grouping of zinc and 
cadmium together might be expected from their general similarity. It should be noted especi- 
ally that these effective toxicities are based merely on the total poison present, rather than on 
the adsorbed amount, and that, accordingly, no regularity depending on atomic or ionic size or 
on valency would be expected, since no conclusions based on coverage alone can be drawn 
until corrections have been applied for unadsorbed poison. 

From the slope of these poisoning graphs, the value of the poisoning coefficient, «, which is 
a convenient measure of the toxicity on a quantitative scale, may be derived by means of the 
usual relationship k, = ko(1 — ac), in which h, is the original activity of the catalyst and k, 
its activity in the presence of a concentration, c, of the poison. This has been done in Table II. 


TABLE II. 
Relative effective Relative effective 
toxicity. Metal. a xX 10°. toxicity. 
1-0 Thallium 1-97 2-5 
1-0 Zinc 2-81 3-6 
1-0 Cadmium 2-81 3-6 
1-8 Lead 2-90 3-7 
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The next step consisted in the determination of the partition of the various poisons between 
the adsorbed and the free liquid phases, for the calculation of the true toxicities. This was 
carried out by the method already described (J., 1938, 2071), with 0-1 g. of Platinum A and a 
total liquid volume of 10 c.c. as in the toxicity measurements, the unadsorbed poison being deter- 
mined, as before, by measuring the toxicity of the supernatant liquid towards a standard catalyst 
previously calibrated against solutions containing known concentrations of the poison in question. 
The type of relationship found in previous papers, viz., an approximately linear variation of the 
adsorbed amount with the bulk concentration, over and considerably beyond the range of bulk 
concentrations used in the toxicity measurements, was again observed. At still higher initial 
bulk concentrations, and with corresponding saturation of the adsorbing surface, this linear 
variation ultimately of course breaks (see J., 1938, 2075, Fig. 2, for the general form of these 
distribution graphs); but, in the range for which it is valid, the amount of poison actually 
adsorbed on the catalyst can be obtained from the total poison present by multiplying the latter 
by a simple factor. The partition ratios for all the metals of this series have been collected in 
Table III, from which it will be seen that, with all these metals, over 80% is adsorbed by the 
0-1 g. of platinum under the conditions employed. K, is, as before, the fractional adsorption, 
viz., the fraction of the total poison present which is adsorbed, and K, is the partition ratio, 
i.¢., the ratio of the adsorbed concentration per unit surface of platinum to the free concentration 
per c.c. of liquid phase in equilibrium with this, the surface exposed by the 0-1 g. of the platinum 
catalyst being taken as unity. The values of K, and K, are of course only valid for the parti- 
cular platinum—and, in the case of K,, only for the particular volume (10 c.c.) of solution— 
used in the toxicity measurements. The true toxicities, «,, derived from the effective toxicities, 
a,, of Table II, by correcting for non-adsorbed poison, are also included. 


TABLE III, 
Metal. K,. K, xX 10%. a xX 10°. Relative true toxicities. 
IED eis. sci sicicécncscpagibebesasen 0-95 1-9 0-83 1-0 
VON, | into cenasnssgctesasesdeseens 0-95 1-9 0-83 1-0 
a 0-95 1-9 0-83 1-0 
Mercury . 0-97 3-2 1-41 1-7 
Thallium 0-84 0-52 2-35 2-8 
Lead ovcbeietiidieeiwubsnite 0-95 1-9 3-05 3°7 
NINE dnbicdbnchincateramaamnsansshgites 0-83 0-49 3-38 4-1 
Cadmium Seistaidinglionsss 0-83 0-49 3-38 4-1 


Series II. Mn, Fe, Co, Ni. Owing to the exhaustion of the first platinum stock, a second 
preparation (Platinum B) had to be used for the remaining toxic metals; but, in order to co- 
ordinate the toxicities with those of the first series, measurements for zinc and cadmium, as 
reference substances of known toxicity relative to the metals of Series I, were again included in 
these toxicity determinations with Platinum B. The results, which were obtained under the 
same conditions as those used previously, but with 0-05 g. of the new platinum stock, are sum- 
marised in Table IV. It will be seen from the tabie that all these metals have approximately 
the same true toxicity per g.-atom adsorbed. 


TABLE IV. 
Metal. a, X 10°. Ky. a, X 10-5. Relative true toxicities. 
WAG nnicdicenidssinisnctatebesionndic 5-1 0-63 8-1 1-0 
Cadmium cicthdsiguaiainniaacieniion 5-1 0-64 7-9 1-0 
Manganese ......cccccseceseccccces 5-2 0-64 8-1 1-0 
IE hid 50s daa secnavaneeedaneiee inner 5-6 0-66 8-4 1-0 
MAID oak dad bevcsctscbegdstite deb etd 6-7 0-66 10-1 1-2 
DR dks cebin ows se Sshive dives Satusdd 4:8 0-65 7-2 0-9 


Confirmatory Measurements.—Before comparing the toxicities of all the metals studied, it 
was thought advisable to re-examine two points, viz., (i) to confirm the unexpected low toxicity 
of tin (which, as will be seen in Table II, was only approximately equal to that of the metals 
of the copper group), and (ii) to redetermine the relative toxicity of zinc or of cadmium, since 
these were used as reference substances in Series II. This later work was carried out with a 
further stock of platinum black (Platinum C), having a higher activity than that previously 
used; but the true toxicities of tin and copper were again found to be approximately equal to 
one another, and the relative toxicity of cadmium, compared with that of copper, was once more 
of the order of 4. The results, which are'collected in Table V, may also be regarded as a further 
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confirmation of the observation made in earlier work that, although the absolute values of the 
poisoning coefficients vary of course with the activity (i.¢., with the surface-to-mass ratio) of 
the catalyst, yet the ratio of the true toxicity of one poison to that of another, viz., the relative 
true toxicity, does not vary appreciably with a change in the catalyst stock, provided that a 
given stock is used.in making the comparison between the two poisons. This would be expected 
on first principles, since relative true toxicity merely represents the relative covering power, 
per molecular unit adsorbed, of the two poisons compared. The point is dealt with in greater 
detail elsewhere. 


TABLE V 
Metal. a, X 10°. K, a, X 10°. Relative true toxicities. 
COPPET 00000ccccccccccccccecces sovces 0-82 0-98 0-84 1-0 
TEE. | dececccstcccesesep ase coc cconetqes 0-91 0-97 0-93 1-1 
Cadmium 2-50 0-82 3-05 3-7 
DISCUSSION. 


In order to compare the toxicities of the metals of Series II with those of Series I, the 
metals zinc or cadmium, which are common to both series, have, as already mentioned, 
been used as connecting links, the real toxicity of cadmium being taken as about 4 on a 
scale in which the toxicity of copper is unity. On arranging all the metals examined in 
the order of their toxicity (save that cobalt has been placed with the related elements, 
iron and nickel), Table VI is obtained. In addition to these approximate relative toxicities, 
the ionic and atomic sizes of the various metals and their ordinary valencies have also been 
tabulated in view of the interest which is attached to the influence of valency and size on the 
toxicity from the standpoint of its bearing on the probable nature of the poison-catalyst 
bond and of the general disposition of the poison on the surface. In this connection, it 
may be noted that, in the corresponding work on poisoning with non-metallic ions (see 
Part V), it was shown that toxicity is not exhibited, even if these ions contain normally 
toxic elements such as sulphur or phosphorus, unless the structure of the molecule is such 
that the toxic element possesses unsaturated, i.e., unshared, valency electrons, the presence 
of a completely shared electron octet being sufficient to prevent these poisonous elements 
from showing their characteristic toxic properties: accordingly, at any rate in this pre- 
viously considered poison group, it appears that attachment to the surface may occur 
through linkages which are similar to ordinary, and probably covalent, valency bonds. 


TABLE VI. 
Toxicity Relative true Atomic radius, Ionic radius, Probable effective 
group. Metal. toxicity. Y;, iN A. %, in A. valency, n. ¥_@n. 
I Cu 1-0 1-27 ca. 0-95 1 1-61 
Ag 1-0 1-44 1-13 ae 2-07 
Sn 1-0—1-1 1-40 ca. 1-2 2 3-92 
(1-96, 2 = 1) 
II Hg 1-7 1-49 1-12 1 ‘2-22 
Tl 2-8 1-99 1-47 1 2-89 
III Pb 3-7 1-74 1-32 2 6-06 
(3-03, » = 1) 
Ni 3-7 1-24 0-78 2 3-08 
Fe 4-1 1-27 0-83 2 3-22 
Co 5-1 1-25 0-82 2 3-12 
Mn 4-0 1-18 0-91 2 2-8 
Zn 4-0 1-33 0-83 2 3-5 
Cd 4-0 1-49 1-03 2 4-40 


Although: poisoning by toxic metals is more difficult. to formaglate by means of single 
electronic valency bonds—particularly in view of the usual looseness and the exceptional 
character, from a valency standpoint, of most intermetallic compounds—it will be seen 
from Table VI that size alone is not sufficient to account for the toxicity sequence found 
experimentally. For instance, many of the more highly toxic metals have an atomic or 
ionic radius which is no greater than those of low toxicity. 

If, however, the probable effective valency is also taken into consideration, a rough 
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qualitative generalisation is at once apparent, in that, with the exception of tin, which is 
discussed later, the bivalent elements occur in the group of greatest toxicity at the foot of 
the table, z.e., the bivalent toxic elements have in general a greater covering power per atom 
adsorbed than the univalent elements. In connection with the effective valency, it should 
be noted that metals of variable valency, such as mercury or iron, will, in the presence of 
catalytically activated hydrogen, be present in the lowest valency state, viz., with these 
two metals, in the mercurous or ferrous form. The data available are obviously insufficient 
to permit any precise formulation of the way in which the toxicity varies with size and with 
valency; but if, for the time being, the toxicity is regarded as being a function of both 
these quantities, and if, as a rough approximation, their product—viz., the projectional 
area of the poison atom (which is proportional to the square of its radius) multiplied by 
the valency—is tabulated against the toxicity, this product increases in approximately 
the same way and in roughly the same sequence as the toxicities. This is shown in the 
last column of the table. It will be noted that tin and lead give values approximately 
twice those which would be expected from their positions. This is discussed below. 

If the table is considered as a whole, it will be seen that the toxic metals studied fall 
roughly into two extreme groups, (i) univalent metals having a toxicity of about 1, and 
(ii) bivalent metals having toxicities of the order of 4, together with an intermediate group 
of metals which apparently only differ from those of the first group by having a slightly 
greater atomic radius. The two apparent exceptions are of interest. Tin should not fall 
in Group I on account of its bivalency, which also causes, as already pointed out, a figure 
of the order of 4, in place of one of about 2, to be given in the last column. The case of lead 
is a little different. The figure given in the last column is again almost exactly twice that 
which would be expected from the position of lead in the sequence of relative toxicities; 
but this place in the toxicity sequence seems a reasonable one, and the abnormal valency- 
size product seems due to its large size. In this connection, the effect of size should also 
be noted for thallium, which, although univalent, apparently possesses an abnormally 
high toxicity for its valency by reason of its large atomic radius (1-99 A.). The apparent 
irregularity of tin could be completely—and that of lead partly—removed by assuming an 
effective valency of 1 for these two metals in the adsorbed state on platinum, as shown by 
the alternative figures in the last column of the table; but, although there is some evidence 
in the literature for univalent lead compounds, such as the suboxide and subchloride, these 
compounds are neither very definite nor usual, and there appears to be no evidence for uni- 
valent tin, save in gaseous radicals of short life (such as SnCl) at high temperatures and 
possibly in rather indefinite intermetallic compounds of the type KSn. Accordingly, 
these two irregularities must, for the time being, be left as an experimental result which, 
at any rate in the case of tin, has been confirmed by further toxicity measurements. 


The authors thank Dr. A. G. Carter for help with some of the measurements of Series I. 
UNIVERSITY OF BRISTOL. [Received, February 2nd, 1940.) 





NOTE. 


3 : 4'-Dinitrodiphenyl—A Correction. By Witttam A. WaTERs. 


Hopcson and MarspDEN (this vol., p. 211) have described 3: 4’-dinitrodiphenyl as a “‘ new 
compound of m. p. 137°.”” This substance was first prepared by Scarborough and Waters 
(J., 1927, 1139) by deaminating 3 : 4’-dinitro-4-aminodiphenyl, and was then reported as having 
m. p. 189°. This value for the m. p. was confirmed by Blakey and Scarborough (ibid., p. 3005), 
who obtained 3: 4’-dinitrodiphenyl by nitration of @mitrodiphenyl. Finzi and Mangini 
(Gazzetta, 1932, 62, 664) prepared the sdmé compound by still another method and gave its 
m. p. as 187°. It is evident, therefore, that the pnd, obtained by Hodgson and Marsden 
from reactions between diazotised m-nitroaniline and nitrobenzene is a mixture: this would 
be expected (compare inter alia, Hey, J., 1934, 1968; Waters, J., 1939, 866).—Sarispury, WILTS. 
[Received, March 8th, 1940.) - 
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Tenth Report of the Committee on Atomic Weights of the 
International Union of Chemistry. 


By G. P. Baxter (Chairman), M. GUICHARD, O. H6NIGSCHMID, 
and R. WHYTLAW-GRAY. 


THE following report of the Committee covers the twelve-month period September 
30th, 1938, to September 30th, 1939.* Three changes in the table of atomic weights 
have been adopted : 


Hydrogen, from 1-0081 to 1-0080 
Iron, from 55-84 to 55-85 
Lutecium, from 175-0 to 174-99 


HyDROGEN.—Several investigations of the ,H/,H ratio in certain natural waters 
during the last four years have given values higher than that used in computing the 
atomic weight of hydrogen for the Table, 5000 (see Eighth Report of the Committee). 


Johnston, J. Amer. Chem. Soc., 1935, 57, 484 . eeceesceecssesesccess GED 
Tronstad, Nordhagen, and Brun, Nature, 1935, 136, { ” ypmererreesety 
Hall and Jones, J. Amer. Chem. Soc., 1936, 58, 1915 . ee 
Gabbard and Dole, ibid., 1937, 59, 181 . menqreqecaseees ;) =n 
Morita and Titani, Bull. Chem. Soc. Japan, 1938, 18, 419 . Se 
Tronstad and Brun, Trans. Faraday Soc., a hw Te 
Voskuyl, Thesis, Harvard University (1938) .. TT 
Swartout and Dole, J. Amer. Chem. Soc., 1989, 61, 2025 -sseclesessesoceon pte 


Since with ,H = 1-00785 (chemical scale) and even with ,H/,H = 6000 the atomic 
weight of hydrogen in natural waters becomes 1-0080, this value is adopted for the Table, 
although the nature of the hydrogen in any compound is bound to be subject to a slight 
uncertainty. 

CHLORINE.—HGnigschmid and Hirschbold-Wittner (Z. anorg. Chem., 1939, 242, 222) 
have determined the atomic weight of chlorine in hydrogen chloride samples subjected to 
isotopic separation by the thermal diffusion method by Clausius and Dickel. Weighed 
amounts of silver were precipitated with excess of acid and the silver chloride was 
collected and weighed. Vacuum weights are given : 


Wt. of Ag. Wt. of AgCl. AgCl: Ag. At. wt. 
Heavy Fractions Cl. 
0-59164 0-78666 1-32963 35-560 
0-48005 0-64450 1-34257 36-956 
Light Fractions 
0-73019 0-96925 1-32739 35-310 
0-61237 0-81188 1-32580 35-147 
0-58001 0-76830 1-32463 35-021 
0-57969 0:76765 1-32428 34-979 


If the isotopic weights of the two chief isotopes of chlorine are 36-968 and 34-971 on 
the chemical scale, the separation seems to have been nearly complete. 

Iron.—H6nigschmid and Liang (Z. anorg. Chem., 1939, 241, 361) have compared 
ferrous bromide with silver and silver bromide. A solution of Mohr’s salt was freed from 

* Authors of papers bearing on the subject are requested to send copies to each of the four members 
of the Committee at the earliest possible moment: Prof. G. P. Baxter, Coolidge Laboratory, Harvard 
University, Cambridge, Mass., U.S.A.; Prof..M. Guichard, Faeuilté des Sciences, Sorbonne, Paris, 


France; Prof. O. Hénigschmid, Sofienstrasse 9/2, Munich, Germany; Prof. R. Whytlaw-Gray, Univer- 
sity of Leeds, Leeds, England. 
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heavy metals with hydrogen sulphide. After oxidation ferric hydroxide was three times 
precipitated from acid solution, and the third precipitate was dissolved in sulphuric acid 
and electrolytically reduced to ferrous sulphate, which was recovered by crystallisation. 
Electrolytic precipitation of metallic iron from ammonium oxalate solution followed, and 
the metallic deposit was dissolved in nitric acid. Carbon was removed by filtration, and 
the ferric nitrate solution evaporated to crystallisation. Thermal decomposition to oxide 
and reduction in hydrogen yielded sample I. Spectroscopic examination by Gerlach 
revealed no impurities. The remainder of the ferric nitrate was twice more recrystallised 
from nitric acid and converted into metal (sample IT). 

Synthesis of the bromide was effected by heating the pure metal in a current of dry 
nitrogen and bromine. The sublimed product was resublimed in pure nitrogen and fused 
in nitrogen in a quartz weighing tube which could be bottled in dry air. After being 
weighed, the salt was dissolved in very dilute sulphuric acid. The solution was clear and 
free from ferric salt. After careful oxidation with slightly less than the theoretical 
quantity of dichromate the solution was compared with silver in the conventional way 
with the help of a nephelometer. In many of the experiments the silver bromide was 
collected and weighed. Vacuum weights are given : 


THE ATOMIC WEIGHT OF IRON. 
Wt. of . of . wt. Wt. of 
FeBr,. ; FeBr, : 2Ag. " AgBr. FeBr,: 2AgBr. 


1-85170 . 0-999644 

330576 . 0-999655 

2-07499 a 0-999639 

3-28783 Po 0-999644 . 5-72554 0-574239 55-848 

2-92032 x 0-999641 5 5-08551 0-574243 55-849 

3-30851 0-999653 . 5-76158 0-574237 55-847 

2-32787 0-999644 . 4-05371 0-574257 55-854 

2-83665 x 0-999648 . 4-93977 0-574247 55-851 

2-80087 “80. 0-999640 | 4:87744 0-574250 55-852 

2-61260 . 0-999640 - 4-54968 0-574238 55-847 

2-85977 , 0-999647 . 4-98006 0-574244 55-849 
0-999645 | 0-574244 55-850 


The average of all the experiments, 55-850, is slightly higher than that found by 
analysis of ferrous bromide by Baxter, Thorvaldson, and Cobb (J. Amer. Chem. Soc., 
1911, 33, 319), 55-838, presumably because the material employed by the latter contained 
traces of carbon, silica and possibly ferric salt. By reduction of ferric oxide Baxter and 
Hoover (J. Amer. Chem. Soc., 1912, 34, 1857) found 55-847, and Hénigschmid, 
Birckenbach, and Zeiss (Ber., 1923, 56, 1473) by analysis of ferric chloride obtained the 
value 55-853. 

Recent determinations of abundance ratios with the mass spectrograph, when con- 
verted to the chemical scale with the packing fraction — 7 x 10 (Dempster, Physical 
Rev., 1938, 53, 869) and the conversion factor 1-000275, give the following values : 


Isotope . 56. 57. 58. Mean mass number. At. wt. 
de Gier and Zeeman * ° 2-8 0:5 55-908 55-853 
Nierf . éc'dsbier ; 91-57 2-11 0-28 55-906 55-851 


* Proc. Roy. Soc. Amsterdam, 1935, 88, 959. 
+ Physical Rev., 1939, 55, 1143. 


In view of the evidence the value 55-85 for iron seems more probable than the older one 
55-84, and has been adopted for the Table, although the value 55-847 obtained by the 
most direct method, the reduction of the oxide, might well be looked upon as a maximum 
owing to the possibility of incomplete reduction. 

. MOLYBDENUM.—Mattauch and Lichtblau (Z. physikal. Chem., 1939, B, 42, 288) have 
redetermined the relative abundances of the molybdenum isotopes. In. the . following 
table their percentages are compared with those found earlier by Aston. The atomic 
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weight is calculated with the packing fraction — 6-0 x 10 (Dempster) and the con- 
version factor 1-000275. 






Isotope 92. 94. 95. 96. 97. 98. 100. Mean mass number. At. wt. Mo. 
eoccseons . 100 1565 17:8 9-6 23-0 9-8 95-94 * 95-86. 


Lichtblau 15-5 8-7 16-3 16-8 87° 25-4 8-6 95-98 95-90 
* Incorrectly calculated by Aston to be 96-03 (Proc. Roy. Soc., 1931, A, 180, 309). 











































Both these values are considerably lower than that obtained by Hénigschmid and 
Wittner by analysis of molybdenum pentachloride, 95-949, which was adopted for the 
Table two years ago (see Eighth Report of this Committee). 

Evropium.—Lichtblau (Naturwiss., 1939, 27, 260) has determined the abundance ratio 
of the europium isotopes, ,,,Eu/,;,Eu, to be 0-963+0-012. With the packing fraction 
— 2 x 10+ (Dempster) and the conversion factor 1-000275 the atomic weight of europium 
is 151-95+0-01. This value agrees far better with that recently found by Baxter and 
Tuemmler by analysis of europous chloride, 151-96, than with Kapfenberger’s recent value, 
151-90 (see Ninth Report of this Committee). 

LutEeciuM.—HGnigschmid and Wittner (Z. anorg. Chem., 1939, 240, 284) have published 
details of their analyses of lutecium trichloride, already reported (Naturwiss., 1937, 25, 
748; see Eighth Report of this Committee). The starting material had been purified by 
von Welsbach and was identical with that used by him in his determination of the atomic 
weight. From examination of the X-ray spectrum Noddack estimates a content of 1-18% 
of ytterbi ut no more than 0-04% of any other rare earth. Purification consisted in 
double precipitation of the hydroxide with solution in hydrochloric acid, double precipit- 
ation of the oxalate with subsequent ignition in each case, and double crystallisation of 
the chloride from concentrated hydrochloric acid. The chloride was dehydrated in a 
stream of dry hydrogen chloride at gradually increasing temperatures, finally at 450°, and 
after being weighed was compared with silver in the conventional way. The silver 
chloride was determined in some cases. Vacuum weights are given. 
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Wt. of LuCl,, Wt.of Ag. LuCl,:3Ag. At. wt.Lu. Wt. of AgCl. LuCl,:3AgCl. At. wt. Lu. 
2-10076 2-41662 0-86930 174-968 3-21098 0-65424 174-961 
2-94416 3-38688 0-86928 174-964 4-50009 0-65424 174-962 
2-20514 2-53662 «086932 174-977 
2-63280 3-02874 0-86927 174-960 4-02420 0-65424 174-960 
2.70083 3-10697 0-86928 174-963 


Average 0-86929 174-966 0-65424 174-961 








The authors prefer the result of the former method of analysis, 174-966. Corrected 
for the ytterbium content, this becomes 174-986. 

Mattauch and Lichtblau (Z. Physik, 1939, 111, 514), with the mass spectrograph, find 
a new isotope of lutecium of mass number 176, to the extent of 252%. With the 
packing fraction + 1 x 10 (Dempster) and the conversion factor 1-000275 the atomic 
weight of lutecium is 174-994, in close agreement with that found by Hénigschmid and 
Wittner. 

The value 174-99 is adopted for the Table in place of the older value 175-0, which 
depends on von Welsbach’s analysis of the sulphate. 

LEaD.—Nier (Physical Rev., 1939, 55, 153) has determined the abundance ratios of 
the lead isotopes in twenty-one specimens of radiogenic lead, and has computed the 
atomic weights of these specimens, using the packing fraction + 1-55 x 10+ and the 
conversion factor 1-000275. While in most cases the agreement between the atomic 
weights found in this way and those which had been determined chemically is fair, in 
some cases considerable discrepancies appear. If Dempster’s packing fraction for lead, 
+ 2-3 x 10+, is used, the agreement is far less satisfactory. The latter is also true for 
the results obtained by Nier with common lead (see Ninth Report of this Committee). 
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INTERNATIONAL ATOMIC WEIGHTS. 


1940. 
Atomic Atomic Atomic 
Symbol. Number. Weight. Symbol. Number. 


Al 26-97 Sdéducusdiee 10 
Sb 121-76 i i 
J 39-944 
As 74-91 Nb (Cb) 
137-36 N 
9-02 Os 
209-00 oO 
10-82 i Pd 
79-916 
112-41 
132-91 
40-08 
12-010 
140-13 
35-457 
52-01 
seseate 58-94 
Copper ..........0. 63-57 
Dysprosium ... 162-46 
Erbium 167-2 
Europium 
Fluorine 


Ytterbium 

Yttrium 

Zinc 

Zirconium 
Neodymium 








ANNUAL GENERAL MEETING 


THE Ninety-Ninth Annual General Meeting was held at Burlington House on Thursday, 
4th April, 1940, the President, SrR ROBERT RoBINsON, F.R.S., being in the Chair. 

The business portion of the meeting took place at 2-30 p.m. 

The notice convening the meeting was read. 

The Report of Council for 1939 was presented and the Senior Secretary, in introducing 
the general sections of the Report, summarised the effects of the first four months of war on 
the normal activities of the Society. He also referred to the formation in September 1939, 
of the Advisory Research Council of the Chemical Society. 


Dealing with the Advisory Research Council, the President said that the response to 
the suggestions made and invitations issued by the Advisory Research Council (A.R.C.C.S.) 
had been very gratifying, and that he was sure that the initiative would continue to receive 
the generous support of Fellows, not only in these Islands, but throughout the Empire. 
The general scope of this activity was already well understood, but he thought it might 
serve a useful purpose to explain a few points which were perhaps not so generally 
appreciated. g 

The situation in regard to scientific research in its application to the war is very different 
from that of 1914. This is due, partly to the effort made in the Great War itself, partly 
to the intensive work of the intervening years, and in part to the unanticipated course of 
the present emergency which has not yet thrown up so many new problems as might have 
been expected. Nevertheless there are clear indications that the original work of research 
chemists will be needed in the present struggle, possibly to a greater extent than in the 
past, and the relative slowness of the start should deceive nobody in regard to the vitally 
important réle which may be played by our organisation. 

Certain Resgarch Committees under Government auspices are already showing a 
marked tendency to make full use of our facilities in connexion with the longer-range 
investigations in which they are interested. 

It has been laid down by the Council that the only subjects to be studied should be 
such as have a definite relation to the conduct of the present war. It is, however, generally 
agreed that the maintenance of our export trade in a flourishing condition is of the utmost 
importance, and therefore we are prepared to assist the Chemical Industry as far as lies 
in our power. Here the attack must be on a broad front and, as it is impossible to spot the 
winners before the race, there must be losers also. Co-operative effort is essential, and this 
reflection should console those who are unable to see in what way the suggestions made to 
them could have any influence on the fortunes of the nation. Fellows may rest assured 
that more urgent needs will be made known to them when they become apparent to the 
Council, and all suggestions of a specific nature are welcomed and carefully examined. 

The Council does not supervise or direct work undertaken at its suggestion, and the 
results may be used or published in any way that the investigator desires, subject of course 
to his own private commitments to firms who may have given material assistance or 
confidential information. 


Similarly, the Council can accept no responsibility for the accuracy of the work or for 
losses sustained or accidents to personnel. 

As an advisory body the Council is prepared to give any assistance in its power to 
investigators who wish to ensure that their work is utilised to the full in the national 
interest. When work is undertaken on behalf of a Government Department, this fact is 
clearly stated, and Fellows need not be reminded of the existence of the “‘ Official Secrets 
Act.”” In such cases special conditions are attached and appropriate arrangements are 
made for reports. 

The A.R.C.C.S. has no funds at its disposal, but workers on projects suggested by the 
Council may make application at any time to the Research Fund Committee of the Society. 

Finally it is emphasised that the Council is always available for consultation if any 
Fellow is doubtful of the proper procedure at any stage of his work. 
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The Treasurer was then called upon by the President to deal with the Accounts for the 
past year, and, using lantern slides to illustrate his remarks, he pointed out that the accounts 
included a period of four months in which the country was engaged in war; it was too 
early as yet, however, to estimate what would be the effect of war conditions on the finances 
of the Society. The deficit at the end of 1939 was {321 9s. 9d. as against {288 Is. 3d. for 
1938, showing that the net result was not markedly different. Expenditure on A.R.P. 
amounted to £435 4s. 2d., but on the other hand the amount transferred to the Publications 
Fund from the General Purposes account was £566 3s. 7d. less than in 1938, mainly 
owing to a decrease in the number of pages printed in the Journal and Abstracts during 
the last three months of the year. 

Sufficient paper for the Journal for 1940 was acquired in December 1939, and this 
accounted for the figure £743 3s. 6d. among the assets in the General Purposes Balance 
Sheet. Paper for the Abstracts has also been obtained, payment for which did not 
become due until January 1940 

In November, by order of the Treasury, the Society was obliged to realise £700 worth 
of Canada 34% stock. This had not been reinvested, but had been used to meet current 
expenditure. In referring to the loans from other funds and from the Chemical Council, 
amounting in all to £4,450, which it had been necessary to secure to meet current expend- 
iture incurred during the year, he stated that continued deficits could be met only by loans 
or by sale of stock, and unless the scheme for further co-operation between the Institute 
of Chemistry, the Society of Chemical Industry, and the Chemical Society materialises, 
the Society would have seriously to consider curtailing some of its activities. Progress in 
industry depended in the long run on research in pure chemistry, which it was the main 
object of our Society to foster by publishing the Journal, Abstracts ‘‘ A,” and Annual 
Reports, by keeping the Library up-to-date, and by making grants for research. Without 
such progress, the status of the profession was bound to decline. Such an event would be 
detrimental not only to the interests of Fellows of the Society, but to Chemists and the 
Chemical Profession as a whole. He hoped, however, that the new scheme, which the 
Chairman of the Chemical Council informed him would come before the next meeting of 
that body, would shortly come into operation and the more pressing problems of the 
the publishing societies thus be solved. 

In September the accounts were transferred to Oxford under the charge of Mr. Morris, 
the Assistant General Secretary. Division of staff always brought with it certain dis- 
advantages, but these and other difficulties caused by the war had been surmounted. In 
conclusion, he expressed his thanks to the General Secretary and his staff for the efficiency 
of their work during a particularly difficult period. 

The adoption of the Report of Council for 1939, including Statements of Accounts and 
Balance Sheets, was proposed by Professor A. J. Allmand, seconded by Dr. G. N. Burkhardt, 
and carried unanimously. 


The result of the election to vacancies on the pereree for 1940—1941 was declared as 
follows : 


Honorary Secretary : W. Wardlaw. 

Vice-Presidents who have filled the office of President : N. V. Sidgwick, W. P. Wynne. 
Vice-Presidents who have not filled the office of President: C. N. Hinshelwood, 
J. L. Simonsen. 

Elected Ordinary Members of Council : 


(a) Constituency I. S.E. England. 
D. H. Hey (London). 
F. G. Mann (Cambridge). 
S. G. P. Plant (Oxford). 
G. S. Whitby (London). 
(b) Constituency III. N.W. England, N. Wales and Isle of Man. 
T. P. Hilditch (Liverpool). 


A vote of thanks to the Vice-Presidents, Treasurer, Honorary Secretaries, Council, and 








nd 
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Committees for their services during the year, proposed by Prof. W. E. Garner, was carried 
unanimously and acknowledged by Prof. J. C. Philip. 

On the motion of Dr. A. B. Crawford, seconded by Dr. G. R. Ramage, Messrs. W. B. 
Keen & Co. were appointed Auditors for 1940. 

The President then delivered his Presidential Address entitled “‘ (A) Some Aspects 
of the Chemotherapy of Tuberculosis. (B) A Speculation Regarding the Ring Structure 
of the Sterols and Related Substances.” At its conclusion a vote of thanks to him for 
his services in the Chair during the past year and for his Address, with the request that he 
would allow the Address to be printed in the Journal, proposed by Prof. I. M. Heilbron 
and seconded by Prof. J. W. Cook, was carried unanimously. 


REPORT OF COUNCIL, 1939. 


His Majesty the King has been graciously pleased to grant his Patronage to the 
Society. 

The further deterioration of the international situation in the Spring made certain 
air-raid precautions advisable. A measure of protection was provided for the library 
books in Burlington House, some office records were duplicated, and a number of cases 
containing the Society’s records and valuable books were sent from London to places of 
greater safety. It was decided that in the event of an outbreak of war an emergency 
Headquarters should be established at Oxford; and in September a room was placed at 
the disposal of the Society by the Bursar of Lincoln College. 

Thus far, despite four months of war, the essential services rendered by the Society have 
been maintained without serious curtailment. The Journal and Abstracts have appeared 
regularly, and the difficulties at first experienced in obtaining copies of some foreign 
publications are being overcome. War conditions, and especially the lighting restrictions, 
have led to a reduction in the number of meetings, as well as in library hours, but both 
meetings and library continue ‘to be well attended. The Council trust that the loyal 
support of all Fellows will continue to be accorded to the Society in the difficult times at 
present being experienced. 

I, FELLOWSHIP. 
(1) Fellowship Statistics. 

The number of Fellows on the 3lst December, 1938, was 3799. During 1939, 186 
Fellows were elected and 15 reinstated, the corresponding figures for 1938 being 225 and 
18, respectively. The Society has lost 53 by death, 117 by resignation, and 57 by removal 
owing to non-payment of annual subscriptions, making a total loss of 227, as against 
219 in 1938. The number of Fellows on the 3lst December, 1939, was 3773, showing a 
decrease of 26. 

The names of those Fellows to whom the congratulations of the Society have been 
conveyed on their completing 60 and 50 years of Fellowship have been published in the 
Proceedings through the year. Among these are Dr. Alexander Scott, a former Secretary, 
Treasurer, and President, and Sir Wyndham Dunstan, a former Secretary and Vice- 
President. 

(2) Honours. 


The congratulations of the Society were conveyed to the following Fellows who 

received honours during the year : 

ocelyn Field Thorpe (Past-President) ... Knight Bachelor, 

ohn Ewart Trounce Barbary ......sesse+0+- Commander of the British Empire. 

George Ingle Finch .........ssssssscssseeeeees Commander of the Order of King Leopold II. 

, The Council also conveyed congratulations to Professor R. P. Linstead on his being 
awarded the Hofmann Medal of the German Chemical Society and to Professor L. Ruzicka 
on his receiving a Nobel Prize for Chemistry for 1939. 


(3) Deaths. 


The Council deaiens the loss of two Honorary Fellows, Professor Joji Sakurai (on the 
28th January) and*Professor S. P.'L. Sérensen (on the 12th February). 
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Among the Fellows whose deaths the Council have to mourn were two members of 
Council, Sir William Pope (on the 17th October), who occupied the office of President from 
1917 to 1919, and Professor George Barger (on the 5th January), who was a Vice-President. 


(4) Recruitment of Fellows. 

In the last Report of Council it was stated that the Council had appointed a Committee 
to consider the question of the recruitment of new Fellows. The report of this Committee, 
which was referred for comment to Local Representatives, was adopted after amendment 
by the Council and forwarded to the Council of the Society of Chemical Industry, at whose 
suggestion a joint Committee of the Councils of the two Societies was appointed in June 
to discuss certain minor differences in the recommendations before the two Societies. 
Owing to the war, further consideration of this important question has been deferred. 


II. PUBLICATIONS. 


(1) Journal. 


During the year 418 papers were received by the Society; of these, 7 were declined. 

In addition to Obituary Notices and the usual reports on Atomic Weights and the 
Annual General Meeting, the Journal for 1939, occupying 1962 pages, contains 401 
memoirs (96 on General, Physical, and Inorganic Chemistry, and 305 on Organic Chemistry) 
33 notes, and 4 lectures, including the Presidential Address. The corresponding figures 
for 1938 are 2120 pages, 404 memoirs, 27 notes, and 9 lectures. 

The average interval of time between the receipt and the publication of papers in 1939 
was the same as in 1938, namely 9-3 weeks. For papers on which two wholly favourable 
reports were received, the interval was 9-0 weeks and for other papers 9-9 weeks. 


(2) Abstracts. 
The report of the Bureau of Chemical and Physiological Abstracts for 1939 is repro- 
duced in full as Appendix B to this report. 
It has been decided as a war-time measure to publish separately the Indexes of 
Abstracts A and B for 1939. This policy will be reviewed when circumstances permit. 
The Council madey@ special non-recurrent grant of £200 to the Bureau of Chemical 
and Physiological A cts for Abstracts A III. 


(3) Annual Reports. 


Volume XXXV (1938) of the Annual Reports on the Progress of Chemistry, which was 
published in April 1939, contained 410 pages, compared with 492 in the previous volume. 


(4) Supply of Paper. 

At the request of the Chemical Council, which for the past two years has ordered paper 
for the Chemical Society and the Society of Chemical Industry, each Society is now making 
its own arrangements for ordering paper for its publications. Sufficient paper has been 
ordered and delivered for the Journal and Abstracts for 1940. The account for the paper 
for the Journal was paid in December, and among the assets in the General Purposes 
Balance Sheet is included an item of £743 3s. 6d. for paper. 


III. MEETINGS. 
(1) Sctentific Meetings. 

The Society has held 12 Scientific Meetings in London during 1939. These included 
4 lectures, 3 organised discussions, and 5 meetings at which 15 papers were read and 
discussed. 

22 meetings were held outside London; these included 17 lectures, 1 discussion, 1 
social gathering, and 3 meetings for the reading of papers. Fellows were invited to attend 
the series of Three Bedson Lectures given at Newcastle-on-Tyne. 

A complete list of Lectures and Discussions is given in Appendix D. 








“— meet me CL 
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(2) Anniversary Meetings. 

The Proceedings for April contained a report of the Anniversary Meetings held in 
London on the 30th and 3lst March. These consisted of the Rutherford Memorial Lecture 
by Sir Henry Tizard, K.C.B.; the Annual General Meeting and Presidential Address ; the 
Anniversary Dinner; a Reception by Imperial Chemical Industries, Ltd., at Imperial 
Chemical House, and visits to Bedford College for Women,the Wellcome Research 
Institution, the British Drug Houses, Ltd., the Laboratories of the Shell Marketing Co., Ltd. 
at Fulham, the Distillers Company at Epsom, and the Research Association of British Paint, 
Colour, and Varnish Manufacturers at Teddington. The cordial thanks of the Council 
were conveyed to those responsible for the admirable arrangements that were made. 


(3) Tilden Lectures. 


The Society has received the sum of £1834 17s. 9d. from the estate of the late Lady 
Tilden. It was decided that this should be placed in a special fund to be called the 
Tilden Lecture Fund, and that the Council should appoint each year one or two Tilden 
Lecturers, preferably from the younger Fellows, each of whom should deliver in two different 
centres a lecture dealing with progress in some branch of chemistry. The income from 
the fund will be used to pay an honorarium to each Lecturer and to meet in part the cost 
of publishing such lectures. The first of these lectures was given on the 14th of December 
by Dr. L. E. Sutton, who chose as his subject “ The Present State of Valency Theory.” 


IV. LIBRARY. 


The Report of the Joint Library Committee for 1939 is printed as Appendix C to this 
Report. 


V. OTHER ACTIVITIES. 


(1) Advisory Research Council of the Chemical Society. 


The Advisory Research Council of the Chemical Society was formed in September 
1939. Its object is to act as a liaison between Chemists engaged in unremunerated 
research who are seeking guidance as to subjects for investigation of potential value 
to the national war effort and Government departments or industrial organisations 
in a position to suggest such topics. It is no part of its functions to exercise control over 
research work undertaken at its suggestion. 

Research workers at home and in the Dominions have offered whole-hearted co-opera- 
tion, and the Advisory Research Council hopes to avail itself of all these offers in due 
course. A large number of suggestions for investigation have already been received and 
implemented. 

(2) Scheme of Co-operation. 

The new Scheme of Co-operation for the three Chartered Chemical Bodies referred to in 
the last Report was received by the Councilin March. It was approved in general principle, 
and certain proposed alterations were forwarded to the Chemical Council for their con- 


sideration. Further reference to the scheme will be found in the Fourth Annual Report 
of the Chemical Council (see Appendix A). 


(3) Centenary Celebrations. 
In September the work of the various Committees appointed to make arrangements for 


the celebration of the Society’s Centenary in 1941 was temporarily suspended. The 
matter will receive further consideration by the Council at the earliest appropriate time. 


(4) Central Register of the Ministry of Labour and National Service. 

At the request of the Ministry of Labour and National Service, the Council co-operated 
with kindred bodies, including the Institute of Chemistry and the Society of Chemical 
Industry, in the preparation of a Central Register of Chemists, and, with this object, all 
Fellows not members of the other two bodies mentioned were circularised in May. 
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(5) Standardisation of Thermodynamical and. Physico-Chemical Symbols. 

During the year the Royal Society adopted, with a few minor alterations, the report 
on symbols with conventions relating to their use prepared in 1937 by a committee of the 
Chemical, the Faraday, and the Physical Societies, and the three Societies jointly accepted 
the alterations. This marks a further step in establishing a uniform usage of symbols 
among physicists and chemists. The Royal Society has set up a small Joint Standing 
Committee for Symbols and Abbreviations, and two representatives of the Chemical 
Society have been appointed to serve on this committee. 


(6) Grants for Research. 


Applications for grants amounting to £726 7s. for research were received, and grants 
amounting to £404 were allotted. In view of the abnormal conditions and the consequent 
changes in the programmes of many research workers, it was resolved to hold a further 
meeting of the Research Fund Committee, to consider applications for grants, in March 
1940. 


VI. ADMINISTRATION. 


(1) Personnel of Council. 


At the Annual General Meeting on the 30th March, Professor F. G. Donnan retired from 
the Presidency at the end of his term of office, and Sir Robert Robinson was elected Presi- 
dent. Also, Dr. H. J. T. Ellingham resigned the office of Honorary Secretary, and Pro- 
fessor G. M. Bennett was elected in his place. The Council expressed their high apprecia- 
tion of the valuable services Professor Donnan and Dr. Ellingham had rendered to the 
Society. Mr. F. P. Dunn, who was appointed Deputy Treasurer during 1938, was elected 
Treasurer. 

In June the Council accepted with great regret the resignation of Professor J. w. Cook 
from the office of Honorary Secretary as from the 30th September. He was appointed a 
Co-opted Member of. Council until the next Annual General Meeting, and Professor W. 
Wardlaw was appointed Honorary Secretary until then. 

The new Scheme for the territorial representation on Council came into operation at 
the last Annual General Meeting. 


(2) Chairman of Publication Commitiee. 


In April, Professor T. S. Moore completed his term of office of five years as Chairman 
of the Publication Committee and was succeeded by Professor S. Sugden. The Council 
expressed their high appreciation of the services Professor Moore had rendered to the 
Society. 

(3) Local Representatives. 


The terms of office of a number of Local Representatives expired during 1939. The 
Council have expressed to those who have retired from office their sincere thanks for the 
services they have rendered to the Society, and have made the following appointments : 

Cambridge : Dr. F. B. Kipping in place of Professor R. G. W. Norrish. 
Leeds : Dr. J. W. Baker e Professor F. Challenger. 


Manchester : Dr. R. Fraser Thomson 1 Dr. E. H. Rodd. 
Newcastle and Durham: Dr. W. A. Waters a Dr. R. Raper. 
North Wales : . G. R. Ramag - Dr. A. E. Bradfield. 


Nottingham : ~ J.C. oe Dr. B. D. Shaw. 
St. Andrews and Dundee : Dr. J. L. A. Macdonald. 


Sheffield: A.W. ;, Dre S. Glasstone. 

It was decided that one Local Representative should be appointed for Eire and Northern 
Ireland, to alternate between the two, and the Council are glad to announce that Professor 
T. J. Nolan (Dublin) has accepted this office. 

In September the Council learned with Tegret of the death of Mr. Reginald Craven, who 
had been Local Representative ‘at Aberdeen since 1932. Mr. T. Harold Reade was ap- 
pointed to this office. Dr..G. H. Christie and Dr. E; G. V. Percival consented to deputise 
respectively for Dr..W. A: Waters: (Newcastle and Durham) and Dr: J: A. V. Butler 
(Edinburgh) during their temporary absence from the districts they represent. .. 
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The Council authorised the Treasurer to refund expenses of Local Representatives up 
to the sum of £10 per annum for each Local Representative and to keep an annual reserve 
of £50 to be used at his discretion. Expenses of Local Representatives include all sums 
expended by them in connection with the work of the Society in their areas and the 
travelling expenses of Lecturers up to such amount as may be determined from time to 
time by the Council. 


VII. FINANCE. 
(1) Contributions. 


The Council have gratefully acknowledged the substantial contributions received to- 
wards the cost of the Society’s publications for 1939 : 


£600 from the Government Publications Grant (through the Royal Society). 
£1150 from the Chemical Council. 


The Council have expressed their thanks to Professor P. P. Bedson for his contribution 
of five guineas to the Centenary Fund to mark the completion of his 60 years of Fellowship, 
and to the following Fellows who have again subscribed to the Publications Fund : 


Messrs. P. Appleyard, J. Christie, P. K. Dutt, J. A. N. Friend, W. E. Garner, 
W. E. Kirkbride, W. H. Lewis, D. H. Peacock, R. H. A. Plimmer, W. G. Polack, 
J. E. B. Price, Sir David Rivett, H. G. Rule, F. C. Smith, R. B. Turbutt, G. W. Young, 
and to Mr. T. McLachlan, who has signed a deed of covenant for seven years to 
contribute £2 a year. 


Thanks have also been conveyed to Messrs. C. R. Beck, A. Bracher, M. Brent, R. H. 
Cocks, A. J. B. Cooper, F. S. H. Head, H. Hollings, R. L. Jenks, G. Kaufman, R. J. B. 
Marsden, J. C. Mellersh, A. N. Stephenson, W. H. Woodcock, and the Sanitas Co., Ltd., for 
giving volumes of the Society’s publications, and to Mr. E. W. Lucas for presenting a 
copy of a print of ‘‘ The Chymist ’’ by David Tenniers, the younger (probably made about 
1670). 


(2) Gilles Bequest. 

The Council are gratified to announce that under the will of the late Mr. William Setten 
Gilles one-fourth part of his estate has been bequeathed to the Society for the Research 
Fund. The total amount of the bequest will be about £3500, of which £2000 has already 
been received and invested in Conversion 3} per cent. Loan, 1961, or after. The income 
from this bequest will add substantially to the sum available each year for Research 
Grants. 


VIII. RELATIONS WITH OTHER BODIES. 
(1) Chemical Council. 
The Fourth Annual Report of the Chemical Council is reproduced in Appendix A. 


(2) Representatives of the Society on other Bodies. 
During 1939, the Society was represented as follows : 


Bristol University Court : 
Professor F. G. Donnan. 


British National Committee 4 Chemistry : 


Professor F. G. Donnan, Mr. F. P. Dunn (Treasurer), the Senior Secretary. 
British Standards Institution : 

Council of Chemical Division: Dr. J. J. Fox. 

Technical Committees : 
Co-ordinating the work of the Divisional Councils in r to any British Standard 

which may be issued in future for units, etc.: Dr. H. J. T. Elli 

Specifications for Materials and Plant used in Electroplating: Dr. U. R. Evans. 
Standardisation of Scientific Glassware: Mr. F. R. Ennos and Dr. E. B. Hughes. 
Standards for use in Dairying Chemistry: Mr. Eric Voelcker. 
Standardisation of Letter Symbols: Dr. C. F. Goodeve. 
KEK 
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Bureau of Chemical and Physiological Absivacts : 
Dr. C. W. Davies (Hon. Secretary), Mr. F. P. Dunn (Treasurer), Professor C. R. Harington, 
Dr. G. A. R. Kon, and Professor R. G. W. Norrish. 

Chemical Council : 

Professor F. G. Donnan, Professor I. M. Heilbron, Sir Gilbert T. Morgan. 
City and Guilds of London Institute : 

The President. 
Faraday Society : 

Colloid Committee: Mr. D. C. Henry. 
Home Office : 

Air Raid Precautions Department: Mr. J. Davidson Pratt. 
Joint Library Committee : 

Professor A. J. Allmand, Professor H. Bassett, Dr. O. L. Brady, Professor C. H. Desch, 
Mr. M. B. Donald, Dr. H. J. Emeléus, Dr. C. F. Goodeve, Dr. P. Haas, Professor C. R. 
Harington, Dr. T. A. Henry, Dr. E. W. McClelland, Dr. E. E. Turner, Professor W. 
Wardlaw, Dr. J. C. Withers. 

Lawes Agricultural Trust : 
Committee of Management: Dr. E. F. Armstrong. 
Royal Microscopical Society : 
tandardisation of Biological Stains: Professor A. G. Green. 
Royal Society : 

Joint Standing Committee for Symbols and Abbreviations: Dr. C. W. Davies and Dr. 

H. J. T. Ellingham. 


(3) Representatives of the Society at Public Functions. 


25th Anniversary Celebration of the foundation of the Société de la Chimie Biologique, 
Paris, 25th and 26th May: Professor J. C. Drummond and Professor A. R. Todd. 

Dinner of the International Conference of Leather Trades Chemists, London, 30th August : 
The President. 


Delegates were also appointed to represent the Society at the 200th Anniversary 
Celebrations of the foundation of the Royal Swedish Academy of Sciences to be held in 
Stockholm from the 23rd to 25th September; at the XIX Congrés de Chimie Industrielle 
to be held at Warsaw from the 24th September to the Ist October, and at the Centenary 
Celebrations of the Royal Microscopical Society to be held in London on the 25th and 
26th October. These functions were postponed. 

Addresses of Congratulations were sent to the Société de la Chimie Biologique and to 
the Royal Swedish Academy of Sciences. The text appeared in the Proceedings, pp. 43 
and 50. 


IX. ACKNOWLEDGEMENTS. 


The Council express their gratitude and thanks to those Fellows who have freely given 
their services to the Society during the year, including Local Representatives, those serving 
on Committees, refereeing papers for the Journal, contributing to the Annual Reports, 
giving Lectures and opening Discussions. 
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APPENDIX A. 
FOURTH ANNUAL REPORT OF THE CHEMICAL COUNCIL. 


The Chemical Council was constituted in July 1935, the object being to raise and 
administer a fund for the following purposes—(l) to assist the Chemical Society and the 
Society of Chemical Industry to meet the cost of their publications, (2) to promote research, 
(3) to provide for the maintenance of the Library of the Chemical Society, and (4) eventually, 
to provide adequate premises; also to co-ordinate the activities and administration of the 
Chartered Chemical Bodies in relation to the above object and purposes. 

The Financial Statements for the year ended 30th September, 1939, are attached. 

The Second Annual Report, published on 6th December, 1937, contained the list of 
contributors to 22nd November, 1937. A short supplementary list was included in the 
Third Annual Report published on 26th January, 1939. 

The Council is gratified to be able to report that it has received from Sir Robert Mond’s 
Executors a payment of £6500 in respect of his generous promise. This will be invested for 
the Endowment Fund, the interest on which is made available for current purposes. 

No further appeal has been issued, and the time is hardly opportune, but the Council 
feels it incumbent on it to repeat the opinion that the cost of chemical publications should 
be borne more substantially by chemists themselves, and that every chemist should take 
his share in defraying the cost of publications which are so essential to his professional work. 

In the Third Annual Report the Council stated that its efforts had been mainly directed 
to the evolution of a scheme, the object of which was to distribute the burden of the cost of 
publications more equitably over the membership of the three Chartered Chemical Bodies. 
In the hope that something definite and useful might result, that scheme was submitted to 
the Councils of the three Bodies as a basis for discussion; but practical considerations 
necessitated a review of the whole subject, and the Council has now prepared a new scheme 
whereby chemists who join more than one Body may derive additional benefits, at less cost 
than the combined subscriptions to two or three Bodies, in addition to other privileges. 

With certain reservations the new Scheme has been received with general approval by 
the Councils of the three Bodies. Before the outbreak of war the Solicitors to the Council 
were asked to prepare the heads of agreement governing the proposed extended scheme of 
co-operation. The Council hopes to complete the Agreement and have it ready for sub- 
mission to the three Bodies for their final approval as soon as conditions appear favourable 
for launching the scheme. 

Contracts were negotiated for printing and paper supplies during 1939, but in the 
prevailing circumstances, with rapid fluctuation in costs, the Council considers it more 
practicable for the Societies to conduct this business for themselves. 

A Joint Committee collaborated early in the year on means to be taken for the safe 
preservation of essential and valuable property of the Societies in the event of war, in the 
arrangements with regard to meetings, lectures, and examinations; also with regard to 
paying allowances, in appropriate instances, to members of the staffs on their being called 
up for active service or becoming engaged on work of national importance. 

The Council has also had under further consideration the problem of centralising routine 
office work and the distribution of publications. 

The Council has continued to deal with reports received from the Joint Library Com- 
mittee and has provided for the representation thereon of the various contributing societies : 


Association of British Chemical Manufacturers : 


Biochemical Society : 
Dr. W. Robson. 
Faraday Society: 
Professor J. R. Partington. 
Institute of Brewing : 
Mr. H. W. Harman. 
Institute of Chemistry : 
Professor H. V. A. Briscoe, Mr. H. W. Cremer, Dr, J. J. Fox, Dr. E. Vanstone. 
Society of Chemical Industry : 
Dr. H. E. Cox, Dr. L. A. Jordan, Dr. Rudolph Lessing. 
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Society as ag and Colourists : 
Mr. J. B 


Society a Public Analysts : 
Dr. C. Ainsworth Mitchell. 
Chemical Society : 
Professor A. J. Allmand, Professor H. Bassett, hs oO. L. panty, Patera C. H. Desch, 
Mr. M. B. Donald, Dr. H. . Emeléus, Dr. F. Goodeve, Paul Haas, Professor 
Cc. R. artegton, Dr. T. A. fenry, Dr. E. ne McClelland, Dr. E. E. Turner, Professor 
Wm. Wardlaw, Dr. J. C. Withers. 


The contributions of the three Chartered Bodies towards the maintenance cost of the 
Chemical Library during 1938 were calculated proportionately on the number of members 
respectively who had paid their annual subscriptions for that year—taking into account 
donations received from other sources and a sum of £250 contributed by the Council itself 
under Section 7 of the Constitution. 

The amounts received from the three Chartered Bodies were: the Chemical Society, 
£346 16s. 1d.; the Institute of Chemistry, £715 5s. 9d.; the Society of Chemical Industry, 
£382 18s. 8d. 

The pressing necessity for further accommodation for the Library has been temporarily 
relieved through the kindness of Messrs. Edward Arnold & Co., who have pfovided storage 
for a quantity of less-used serial publications, without charge or cost to the Chemical 
Society. The thanks of the chemical profession are proffered to the firm and to Mr. F. P. 
Dunn, one of the partners, to whose good offices the arrangement is due. 

Grants have been made to both Societies towards the increasing cost of publications, 
and loans have been advanced to meet current needs. 

The Council has also agreed to contribute £500 to the cost of the Collective Index of the 
Bureau of British Chemical and Physiological Abstracts, of which £250 has already been 
paid. 

In view of the importance of economy in the production of journals and the need for 
paper restrictions, the Council welcomed an article on “‘ Presentation of Original Publica- 
tions” contributed by Sir Gilbert Morgan to The Journal of the Institute of Brewing and 
reproduced in other scientific and technical journals. 

The Council has been informed that the representatives of the publishing societies have 
held conferences, with a view to their mutual co-operation, in the problem of recruitment 
of membership. 

Sir Gilbert T. Morgan, O.B.E., D.Sc., F.R.S., one of the representatives of the Chemical 
Society, has retired from the Council on completing his term of office, and the Council of 
the Chemical Society has been asked to nominate a representative to fill the vacancy. 

Mr. F. G. Edmed, O.B.E., who has served as a representative of the Institute of Chem- 
istry from the formation of the Council, has retired, and Dr. Harold A. Tempany, C.B.E., 
has been appointed as his successor. 

Dr. A. E. Dunstan and Dr. R. E. Slade, M.C., who have been Members of Council since 
1935 and 1936, respectively, as representatives of Industry, have also retired, and the 
Association of British Chemical Manufacturers has been asked to nominate candidates to 
fill the vacancies thus caused. 

The Council will proceed to the appointment of Officers for the ensuing year when 
nominations for the vacancies referred to above have been received. 

The Council-has recorded its appreciation of the services rendered by its retiring col- 
leagues. 

The Council records its indebtedness to Mr. F. P. Dunn for advice on matters relating 
to printing and paper supplies. 

The Council again wishes to express its great appreciation of the services given by 
Mr. Richard B. Pilcher, as Honorary Secretary, and by the staff of the Institute of Chemistry 
—services which have been to the good of the chemical profession as a whole. 


LestrE H. Lampritt, 
30 Russell Square, Chairman. 
London, W.C. 1. 


December, 1939. 
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APPENDIX B 


REPORT OF THE BUREAU OF CHEMICAL AND PHYSIOLOGICAL ABSTRACTS 
FOR 1939. 


During the year six meetings of the Bureau were held, and also a meeting of the 
Chairman and Honorary Treasurers to consider matters relating to Indexing; three 
meetings of the B Abstracts Sub-Committee; a meeting of the A III Abstracts Sub- 
Committee, and a meeting of the Finance Committee. 

Professor C. R. Harington has been appointed by the Chemical Society to fill the 
vacancy caused by the death of Mr. Emile Mond and the appointment of Mr. F. P. Dunn 
as Hon. Treasurer of the Chemical Society, and Dr. H. J. T. Ellingham has been appointed 
to take the place of Professor R. G. W. Norrish (resigned); Mr. R, R. Bennett has been 
appointed to represent the Society of Chemical Industry on the Bureau in place of Mr. W. 
Macnab. 

The Sub-Committee appointed in 1938 to consider the question of the unification of 
financial control of the Bureau has been discharged and a Finance Committee has been 
formed consisting of the Chairman of the Bureau ex officio, and the Hon. Treasurers of 
the Chemical Society, Society of Chemical Industry, and Physiological Society. 

Dr. F. L. Usher has been given editorial charge of the section of A I, previously dealt 
with by Professor H. M. Dawson, whose death occurred in March. Professor Dawson had 
assisted the Bureau in this direction since its inception in 1924. 


Abstracts —The total number of abstracts published during 1939 was 38,821, as com- 
pared with 41,677 in 1938, a decrease of 2856. The appended table shows the number of 
abstracts and pages printed in each quarter of 1939 and 1938. 









































Al. All. 
1938. 1939. 1938. 1939. 
No. of No. of No. of No. of 
Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 
Ist quarter ......... 2075 164 1882 164 683 120 713 134 
a 2065 170 2119 182 773 132 _ 875 160 
ae 1778 150 1688 154 811 134 906 170 
eee 1900 160 1430 128 714 132 574 102 
7818 644 7119 628 2981 518 3068 566 
Average length 0-165 Column 0-177 Column 0-347 Column 0-370 Column 
A ITI. B. 
1938. 1939. ; 1938. 1939. 
No. of No. of No. of No. of 
Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 
Ist quarter ......... 2897 252 4394 344 4010 326 3803 334 
ome oe 3490 294 3818 296 4869 414 3656 340 
ee 2909 228 3157 246 4439 368 3628 332 
TT... co... cansesene 3658 292 2959 228 4606 404 3219 298 
12,954 1066 14,328 1114 17,924 1512 14,306 1304 
Average length 0-164 Column 0-155 Column 0-170 Column 0-182 Column 


Of the 14,206 B abstracts, 8509 were from journal literature and 5797 were abstracts 
of Patents (figures for 1938: 11,704 and 6170, respectively). The decrease of about 10 
per cent. in the number of abstracts in AI will be noted; it is only partly due to the 
absence of abstracts from German publications during the last quarter of the year. The 
increase in A II, on the other hand, would have been even more marked if the full supply 
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of German journals had been received. The increase in A III is due partly to the inclusion 
of more abstracts on anatomical papers and partly to a more complete survey of the 
literature. The decrease in the B Abstracts is due chiefly to the fact that in 1938 a large 
number of new journals were abstracted and in many instances the 1937 issues of these 
were also reviewed for the sake of completeness ; the war conditions also influenced the 
last quarter’s abstracts to a minor degree. 


Annual Index.—The joint Annual Index to the Abstracts for 1938 covered 976 pages, 
an increase of 153 over the 823 pages of the 1937 Index. The cost of printing the Index 
was {£1987 10s. and cost of paper (including handling) £338 Os. 7d. (1937 figures: 
£1678 14s. 9d. and £318 19s. 6d.). The total number of entries in the Index was 138,050, 
compared with 119,070 in 1937. 

The continued increase in the costs of this Index has led the Bureau to consider means 
whereby economy could be effected, and, with the approval of the Societies, it was decided 
in November that the Index should be issued in two sections covering A and B Abstracts 
respectively, the situation to be reviewed subsequently. It is anticipated that this sub- 
division will result in a total saving of £500, and will also effect a considerable economy 
of paper. 


Quinquennial Index.—The support afforded to the appeal of the Bureau by members 
and subscribers, together with the very generous contributions promised by the Chemical 
Society and the Society of Chemical Industry, were sufficient to enable the Bureau to 
proceed with the preparation of the Collective Index to the Abstracts covering the period 
1933-1937. 

Thanks largely to the persistent efforts of the Chairman, grants of £500 each have also 
been obtained from the Royal Society and the Chemical Council towards the cost of the 
publication. 

Five printing firms were invited to tender for the work, and the contract was finally 
awarded to Messrs. Butler & Tanner, of Frome, who submitted the lowest estimate. 

An additional room at the Charing Cross Road indexing premises has been leased for 
the work and two whole-time assistants have been engaged. 

Composition of the Index was begun in August, and approximately one-half of the 
name index has now been set up. In order to minimise corrections, the whole of each 
volume is to be set up in galley form before being made up into pages. 

It is hoped to issue the Author Index during the summer of 1940. 


B Abstracts—The Sub-Committee held three meetings to consider and report on 
possible means for effecting economies in B Abstracts. The Committee reported that 
there appeared little possibility of economising in the direction of curtailing the abstracts 
without severely affecting their value, but they considered that considerable saving might 
be brought about in two ways : 


(1) By issuing the abstracts in three sections, each to be sent only to those interested 
in that section. 

(2) By arranging with various abstracts issuing organisations particularly those 
operating under the egis of the Department of Scientific and Industrial Research to 
make use of their abstracts, with suitable acknowledgment. 


These recommendations were adopted by the Bureau, with the exception that it was 
decided to recommend that “B’’ Abstracts be issued in two sections, covering broadly 
industrial inorganic and industrial organic chemistry. 

Members of the Society of Chemical Industry were asked by the Council of the Society 
to state whether in the event of B abstracts being divided into two sections, they would 
require both sections or only one section, but the number who would require only one 
section was so small that no economy in that direction seemed possible. As regards 
recommendation (2), the Society expressed general approval of the scheme. Negotiations 
with the Department of Scientific and Industrial Research are now in progress. 
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Abstracts A III.—The arrangement mentioned last year, whereby through collaboration 
with the Anatomical Society of Great Britain and \Ireland a larger number of abstracts 
on anatomical subjects should be published, was put into effect in February, and the 
classification of Section A III was appropriately extended to include these additional 
abstracts. This section of the Abstracts has been further extended by the inclusion of 
notices of important new books. 


Satisfactory arrangements have been made to continue publishing abstracts of papers 
appearing in foreign journals. 
With few exceptions all the regular abstractors are still available. 





APPENDIX C 
REPORT OF THE JOINT LIBRARY COMMITTEE FOR 1939. 


Excluding the evenings on which meetings of the Chemical Society were held, there 
were 7009 attendances during the year, as compared with 8507 in 1938. Of these 3926 
were made by Fellows of the Chemical Society, and 3083 by Members of other Constituent 
and Contributing Bodies, as against 4803 and 3704 in 1938. 

The number of books borrowed was 4861, against 5948 in the previous year. Of 
these 1444 were issued by post, compared with 1697 in the preceding year. 

The Library telephone facilities are still extensively used, and the incoming calls 
included 962 enquiries which necessitated reference to books in the Library, as against 
1057 the previous year. 

The additions to the Library comprise : 


251 books, of which 56 were presented, 723 volumes of periodicals and 242 
pamphlets, as against 250 books, 744 volumes of periodicals and 283 pamphlets 


last year. 
Analysis. 
Additions to Library. 
Books Volumes of 
Attendances. borrowed. Books. periodicals. Pamphlets. 
IGBD. ccosccccescccnscccces 7009 4861 251 723 242 
BOBS cccccccsccccccccscces 8507 5948 250 744 283 


The total number of volumes added during the year was 974. The Library now con- 
tains 43,646 volumes, consisting of 13,052 books and 30,594 bound volumes of periodicals. 

The Committee wishes to record its grateful appreciation of the gifts received from 
Fellows and others during the year; these included 15 medals from those belonging to 
the late Professor Henry E. Armstrong, presented by Dr. E. F. Armstrong, and 70 volumes 
of the ‘‘ Biochemische Zeitschrift ’’ from Dr. Bruno Rewald. These volumes being dupli- 
cates are available for loan purposes. 

The question of Library accommodation still causes grave concern, but is necessarily 
in abeyance on account of the national emergency. 

In the early part of the year a collection of the more valuable books was sent out of 
London. The thanks of the Committee are due to Professor J. L. Simonsen, F.R.S., for 
kindly arranging for their reception, and to the authorities of the University College of 
North Wales for their courteous action in providing the necessary accommodation. 

In accordance with an earlier decision of the Council, the Library was closed on the 
outbreak of war. It re-opened on September 15th, but on account of abnormal conditions 
and the depletion of the already minimum staff by the absence of Mr. A. T. Picton, B.A., 
on military service, a curtailment of the normal hours of opening was found necessary. 
Subject to these limitations, the Library continues to give the fullest possible service. 
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APPENDIX D 
LECTURES AND DISCUSSIONS. 


Lectures given in London. 


29th March, Rutherford Memorial Lecture, by Sir Henry Tizard; 18th May, Seventh 
Liversidge Lecture, entitled ‘‘ Some Considerations on the Nature of Catalysis,” by Pro- 
fessor C. N. Hinshelwood; 16th November, on “ Synthetic Immunochemistry,” by Pro- 
fessor C. R. Harington; 14th December, Tilden Lecture entitled ‘‘ The Present State of 
Valency Theory,” by Dr. L. E. Sutton. 


Discussions held in London. 


9th February, on “‘ The Use of Isotopes in Biology,’ opened by Professor Dr. G. von 
Hevesy (Joint, discussion with the Physiological Society); 2nd March, Symposium on 
“‘ Microtechnique in Organic Chemistry,” opened by Professor I. M. Heilbron; 4th May, 
on ‘“‘ The Upper Atmosphere,” opened by Professor F. A. Paneth (Joint discussion with 
the Physical Society and the Royal Meteorological Society). 


Lectures given outside London, 


Aberdeen. At Marischal College (Joint meeting with the Aberdeen and North of 
Scotland Section of the Institute of Chemistry); 17th February, on “ Ions and Isotopes,” 
by Professor J. Kendall. 

Birmingham. At the University, Edgbaston (Joint meetings with the Birmingham 
University Chemical Society) : 23rd January, on ‘‘ Recent Synthetic Studies on Immuno- 
chemistry,” by Professor C. R. Harington; 30th January, on “ The Structure of Sesqui- 
terpenes and their Derivatives,” by Professor J. L. Simonsen; 27th February, on “ The 
Molecular Structure of Starch,” by Professor E. L. Hirst. 

Bristol. At the University (Joint meeting with the Bristol Section of the, Society of 
Chemical Industry); 2nd February, on “‘ The Natural Organic Tannins,” by Dr. M. 
Nierenstein. 

Edinburgh. At the North British Station Hotel (Joint meeting with the Institute of 
Chemistry and the Society of Chemical Industry): 27th January, on “ Carcinogenic 
Chemical Compounds,” by Professor J. W. Cook. 

Glasgow. At the Royal Technical College: 17th February, on ‘‘ The Hydrogen Bond,” 
by Dr. J. Monteath Robertson. 

Liverpool. At the University: 6th February, on “ Electrocapillarity, with Special 
Reference to Liquids of Low Ionic Content,” by Mr. D. C. Henry. 

Manchester. At the University: 7th February (Joint Meeting with the Manchester 
University Chemical Society) on ‘‘ Colour Photography Treated from the Chemical Stand- 
point,’ by Mr. L. V. Chilton; at the Engineers’ Club, Albert Square: 20th March (Joint 
Meeting with the Institution of the Rubber Industry and the Society of Chemical In- 
dustry) on “‘ The Mechanism of Polymerisation Reactions,” by Dr. H. W. Melville. 

Newcastle and Durham. Bedson Lectures at King’s College, Newcastle-on-Tyne : 
27th January, on ‘“ The Dimensions of some Organic Molecules,” by Dr. J. Monteath 
Robertson; 23rd February, on “ Some Scientific and Technical Applications of Photo- 
graphy,” by Dr. O. F. Bloch; 8th May, on “ Water Pollution,” by Sir Robert Robertson. 

North Wales. At the University College of North Wales, Bangor: (Joint meetings 
with the University College of North Wales Chemical Society) : 3rd February, on “‘ Nucleic 
Acids,” by Professor J. M. Gulland; 1st December, on “‘ Explosives,” by Dr. O. L. Brady. 

St. Andrews and Dundee. At the University: 24th February (Joint meeting with the 
St. Andrews University Chemical Society) on “‘ The Structure of Sesquiterpenes and their 
Derivatives,” by Professor J. L. Simonsen. 

Sheffield. At the University: 27th January, on “‘ Some Problems in the Chemistry of 
Iodine,” by Dr. Irvine Masson; 24th February, on “ The Chemistry of Vitamin-E,” by 
Professor A. R. Todd. 











— 2. ee 








[1940] Annual General Meeting. 493 


South Wales. At the University College, Swansea (Joint meetings with the University 
College of Swansea Chemical Society): 3rd February, on “ Reactions involving Proton 
Transfer,” by Professor W. F. K. Wynne-Jones; at the Royal Institution of South Wales, 
Swansea; 7th December, on ‘‘ Two Types of Diamonds,” by Sir Robert Robertson. 


Discussion held outside London. 


Oxford. At the University Museum (Joint meeting with the Oxford University Alembic 


Club): 3rd June, on “ Free Radicals in Organic Reactions,” opened by Professor C. N. 
Hinshelwood. 
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PRESIDENTIAL ADDRESS. 
By Sir RoBert Rosrnson, M.A., D.Sc., LL.D., F.R.S. 


A. Some Aspects of the Chemotherapy of Tuberculosis.* 


Leprosy and tuberculosis are analogous pathological conditions produced by infection 
with so-called acid-fast bacilli characterised by the possession of a fatty or waxy envelope. 
For this reason there has naturally been a tendency, which will probably be evident in 
the future also, to investigate the application of promising methods of treatment of the 
one disease to the other. 

The date of the discovery of the beneficial effects of chaulmoogra and hydnocarpic 
oils in cases of leprosy cannot be stated owing to the uncertainty as to the exact botanical 
origin and nature of the preparations, but it is undoubtedly true that chaulmoogra has 
been used by the Hindus and Chinese for many centuries. 

The systematic study of the mode of administration and the accumulation of accurate 
clinical data are, however, confined to the last 30 years. As a result it is now known 
that the specific properties reside in the fatty acid constituents of the oils and these may 
be exhibited in a variety of ways, for example, as emulsions of the purified glycerides or 
as ethyl esters or salts of the isolated acids. 

The pure crystalline chaulmoogric acid is, however, less active than the total fatty 
acids of the oil and this is probably a question of diminished solubility. The addition 
of dispersing agents such as oleic or glycocholic acid to chaulmoogric acid has been found 
to increase its effectiveness to a marked degree, although these substances are very weakly 
leprocidic in themselves. 

Thanks to the investigations of Power and of Adams it is known that chaulmoogric 
acid is 13-cyclopentenyltridecoic acid : 


OH. as. } 
oe CH, > CH (CHa OOH 


The bactericidal properties are considered by Adams and Stanley to be due largely to 
the physical character of the substance and not to be connected with any particular mole- 
cular grouping. Thus the dihydro-acid is active and so is the related base in which CO,H 
is replaced by CH,*NEt,. Moreover, Adams and his co-workers have made an extensive 
study of branched-chain fatty acids of varied types and have found that the leprocidal 
activity 1m vitro of a number of acids is paralleled by their marked surface-tension depress- 
ing properties. The acids are placed in the same order by reference to the two phenomena 
and there is therefore good justification for the view that the bacilli are attacked physically 
and probably by an impairment of function of their fatty envelopes. They are thus 
weakened and made an easier prey of the defensive mechanisms of the host or, alter- 
natively, they succumb to unfavourable conditions in experiments im vitro. Phar- 
macologists and pathologists have reached similar conclusions, especially as the result of 
the observation that courses of treatment must be prolonged long after the disappearance 
of symptoms of the disease and also from the frequency of relapses. Sometimes the 
hypothesis was inverted and it was suggested that chaulmoogra stimulates the defence 
mechanism of the organism. In the analogous case of tuberculosis the favourable results 
of cod-liver oil treatment have accordingly been attributed to the vitamin content and 
this may indeed represent an accessory factor. 

An excellent account of the work of Adams, Stanley, and their co-workers is to be 
found in the Journal of Pharmacology and Experimental Therapeutics (1932, 45, 121—162) 
and no attempt need be made to summarise it here apart from a mention of a few of the 
results. Many of the substances examined greatly surpass chaulmoogric acid in activity 
and in the various series there was always an optimum chain-length. C,, and Cy, acids 

* In the Address delivered orally, reference was included to the recent outstanding advances in 
chemotherapy, including the sulphanilafnide group of bactericides and the remarkable results disclosed 
by Yorke, Lourie, and King in regard to new trypanocidal agents. The latter work has been fully 


described by Professor Warrington Yorke in a paper read before the Royal Society of Tropical Medicine 
and Hygiene on February 15th of this year. 
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were felatively inactive and the best results were usually obtained with acids containing 
16 or 17 carbon atoms. The effect of constitution is shown well in the »-pentadecane- 
carboxylic acids. Here palmitic acid is inactive, but «-methylpentadecoic acid is lepro- 
cidal in a dilution of 1 : 62,000. The activity increases as the carboxyl is moved to the 
centre of the molecule and di-n-heptylacetic acid is active in a dilution of about 1 : 200,000. 
It is significant that all the active acids contain branched chains, although this may be 
represented by an alicyclic group or phenyl group in almost any position in the molecule. 
A large number of cyclohexyl fatty acids were examined and one of the best was 
C,H,,°[(CH,],°>CH(CO,H)-C,H,,(), which was effective in a dilution of 1-: 320,000 (chaul- 
moogric acid, 1: 10,000; total chaulmoogra fatty acids, 1: 100,000). Double bonds 
could be introduced and had little effect, and hydroxyl groups also, but with a lowering 
of activity. In the synthetic series the carboxyl could be replaced by CH,*NEt, and the 
bases were active, although to a smaller degree than the acids. 

Seven of the acids were tested against Mycobacterium tuberculosis in vitro and four 
showed marked bactericidal activity. The best was C,H,,[CH,],“CH(CO,H)-CH,°C,H,,, 
active in a dilution of 1 : 50,000 (against B. leprae, 1: 100,000). It is an acid containing 
17 carbon atoms and the other active compounds contained 16, 17 and 18 carbon atoms. 
Closely related acids with 19 and 20 carbon atoms were ineffective. 

A digression may now be made to mention some other observations on the chemo- 
therapy of tuberculosis. 

In 1923 Smith (J. Pharm. Expt. Ther., 1923, 20, 419) found that acridine dyes such as 
acriflavine, proflavine and acridine-orange were tuberculocidal in vitro, but had no effect 
on the course of the disease in experimental animals. 

Hesse, Meissner, and Quast (Arch. exp. Path. Pharm., 1928, 135, 82) found that tubercle 
bacilli are stained and killed by basic dyes of the azine, thiazine and triphenylmethane 
series. They correlated this with the negative charge on the bacilli when suspended in serum. 
Indamine-blue was found to give moderately good results with tubercular guinea pigs. 

Meissner and Hesse (ibid., 1930, 147, 339) also tested about 2000 compounds for their 
bactericidal properties, using bacilli growing in blood. Inorganic salts were inactive and 
so were eucupin, vuzin and optochin. Among the active substances were conessine, 
harmine, ethylapoquinine and aminohydroquinine. In 1931 the same authors reported 
favourably on certain azo- and hydrazo-derivatives of pyridine and quinoline (ibid., 1931, 
159, 676, 687) and in 1935 Hesse, Meissner, Sebelin, and Miiller used ethyl silicylricinoleate 
to alleviate the tubercular symptoms of rabbits (#bid., 1935, 179, 296). 

Gold compounds have frequently been suggested as remedial agents for tuberculosis 
and among miscellaneous compounds the salts of thiocyanic acid and diacetyl may be 
mentioned. The use of cod-liver and other oils has already been referred to and it is of 
interest, in view of the suggestion that the sole active agents in the oil are the vitamins, 
that Negre, Berthelot, and Bretey (Compt. rend. Soc. Biol., 1936, 123, 864) observed a 
retarding effect on the tuberculosis of guinea pigs produced by injections of the ethyl 
esters of lauric, palmitic, and stearic acids. 

Finally it is encouraging to note that since 1938 several authors have claimed good 
results in the treatment of tuberculosis by prontosil, sulphanilamide and diaminodiphenyl- 
sulphone (see, ¢.g., Ganapathi, Current Sci., 1938, 6, 608; Rich and Follis, Bull. Johns 
Hopkins Hosp., 1938, 62, 77). If these results are later confirmed and extended, very 
promising lines of investigation would appear to be opened up. The quasi-physical 
action of fatty acid derivatives may be supposed to weaken the bacilli and it is most 
important to determine~the precise mechanism of this process. If it has to do with the 
dispersion of protective fats or waxes, the simultaneous exhibition of a fatty acid derivative 
and an auxiliary drug of the sulphanilamide type might be beneficial. Such combined 
therapy should certainly be tried with known substances of relatively innocuous character 
pending the discovery of the most suitable agents. In searching for the latter, on the 
fatty acid side of the problem, it is natural to look for some special relation with the fatty 
compounds of the tubercle bacilli themselves, especially since these are known to be 
characterised. by branched chains, and, as we have seen, such substances are effective 
against B. leprae. A very brief summary of this subject may be attempted because it 
leads eventually to a slender but valuable clue which will influence further work. 
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In.1929 Anderson and Chargaff (J. Biol. Chem., 1929, 85,777 and other papers) isolated 
tuberculostearic acid, CygH;,0,, and five years later Spielman oxidised this substance with 
chromic acid and isolated methyl -octyl ketone, azelaic and -octoic acids as products 
of the reaction (tbid., 1934, 106, 87). 

Hence tuberculostearic acid is 10-methylstearic acid (counting CO,H as 1), 
CH," [CH,],->CHMe-[CH,],°CO,H. It is probably optically active and thus it is not sur- 
prising that complete identity with a synthetic inactive acid of this constitution could 
not be demonstrated. Several other tubercle acids have been isolated by Anderson and 
the scale on which his brilliant pioneering work has been conducted can best be indicated 
by a short description of the separation of phthioic acid, which is probably of more 
significance than the substance already mentioned. 3868-5 G. of dried tubercle bacilli 
were extracted with ether—alcohol (chloroform later took out 427 g. of wax). The extract 
was evaporated and the portion soluble in pure ether was separated into 253-1 g. of a 
phosphatide and 240 g. of a fat. The phosphatide was purified and then weighed 138-3 g. 
On hydrolysis with dilute sulphuric acid it afforded oleic and palmitic acids, other acids 

(about C.5H,,0,), a sugar acid, glucose and glycerophosphoric acid. 

The fatty acids were converted into lead salts, the ether-soluble part of these recon- 
verted into acid, which was then hydrogenated * and again made into lead soaps; the 
ether-soluble moiety afforded crude phthioic acid. The methyl esters were distilled at 
<0-0001 mm. and further separated by chilling of their acetone solutions. Eventually 
methyl phthioate was hydrolysed to phthioic acid, C,,H;,0,, an amorphous mass, m. p. 
21°, [«]>° + 11-96°. Another component was an acid C,95H,,O,, m. p. 48—60°, af” — 6-16°. 
Even after this tedious process it is not certain that these acids are quite homogeneous. 
The amide and 2: 4: 6-tribromoanilide of phthioic acid are, however, well-characterised 
crystalline substances. 

Chromic acid oxidation of phthioic acid gave C,,H,,0,, stated to be different from 
n-undecoic acid because two derivatives melted 20° too low, but this is inconclusive in 
view of the small quantity available for purification, the probability that a mixture would 


















































i be obtained, and the known difficulty of separation of the constituents of such mixtures. 
., . The application of X-ray technique to this work would doubtless clear up many of the 
d dubieties. 
L, Chargaff (Ber., 1932, 65, 745) has synthesised a number of C,, fatty acids and concludes 
' from the melting points that phthioic acid must contain at least three hydrocarbon chains. 
By the Kuhn-Roth method of estimating side-chain methyl, Wagner-Jauregg found 
is that tuberculostearic acid gave 1-4 mols. of C,H,O, and phthioic acid gave 2-4 mols. of 
De C,H,O, per'mol. (Z. physiol. Chem., 1937, 247, 135). This again suggests the existence of 
of three carbon chains in the molecule. Other degradation experiments were inconclusive 
Ss, and the results are indeed susceptible of more than one explanation. Anderson con- 
a cluded that phthioic acid bears a methyl group in the a-position to carboxyl and another 
yl such group in the neighbourhood of the eleventh carbon atom from the carboxyl group. 
In arriving at this view he may have been influenced by the possibility of analogy with 
od tuberculostearic acid; because there is no clear evidence pointing to the existence of the 
yl- branch chain at the eleventh carbon atom. 
ns An important point in regard to phthioic acid is that it possesses toxic properties and 
Ty produces in experimental animals, ¢.g., guinea pigs, lesions closely resembling those of 
cal tuberculosis. It may be recalled that chaulmoogra oil and all the effective synthetic 
ost compounds of Adams produce pronounced irritation of the tissues when injected. 
the The study of films of phthioic acid has given more positive results and these have 
Hive already been discussed in a preliminary manner at a meeting of the Society by Dr. E. 
red Stenhagen.t 
ter X-Ray reflections from multilayer films of the barium salt showed that the length of 
the the molecule was that of a chain of twelve to fourteen carbon atoms. 
tt 
vl * Hence phthioic acid may be derived from an unsaturated substance occurring in the micro- 
tive organisms. 
e it t It is understood that the details have been communicated to the Faraday Society and will shortly 





be published. 
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The acid itself differs from known fatty acids in its behaviour. It forms on water a 
very compressed unimolecular layer collapsing at an area of 38 A.* per molecule. 

On the other hand, n-decyl-n-dodecylacetic acid forms a much more expanded film 
collapsing at about 60 a.2. The surface dipole moment of this film was much smaller 
than that found for phthioic acid. 

This evidence suggested to Stenhagen the presence of a small alkyl group in the 
a-position to carboxyl, because this might account for the observed close packing of the 
chains. 

He suggested the expression : 


CHy [CH]. , 
CH,*[CHg] P>C-COH me 4 ge 10 to 12 and different. 
CH,°(CH,], 


The most probable formula is that of ethyl-n-decyl-n-dodecylacetic acid. Attempts to 
synthesise a substance of this constitution are in progress in Oxford and, although the 
final objective has not yet been reached, the results of my collaborator, Mr. A. J. Birch, 
are of interest. Only a few of the substances prepared will be mentioned. 

In the first place methyldi-n-decylcarbinol forms closely packed films, very similar 
to those of phthioic acid, giving andlogous compression curves and collapsing at an area 
of 38 a.2._ Di-n-undecylcarbinol, on the other hand, forms an expanded film similar to 
that of u-decyl-n-dodecylacetic acid. Neither of these carbinols exhibits physiological 
activity. In all cases the film studies are due to Dr. E. Stenhagen and the biological 
tests to his colleague Dr. T. Teorell of the University of Uppsala. 

An application of a method devised by Reichstein (Helv. Chim. Acta, 1938, 18, 271) 
enabled us to prepare a small quantity of methyldi-n-octylacetic acid : 


C,H alc, CH KMn0, C,H 
CoH, CCI + Jco,Me > CHC O,Me ——> CqHyy SC-COH 
CH, Oo * CH, (CO,Na) CH, 


This acid formed films of phthioic acid type and was physiologically active, producing cell 
reactions in animals. 

The preparation of aa-dimethyl-n-decylacetic acid, first obtained by Haller (Ann. 
Chim., 1914, 1, 15), has been repeated. When injected into the peritoneum of rabbits, 
it produced peritonitis with leucemia, and death ensued. 

It is thus abundantly clear that aa-disubstituted long-chain fatty acids exhibit film 
and physiological properties that go a long way to support the essentials of Stenhagen’s 
view of the nature of phthioic acid. 

In order to go further in the synthetic field we are now relying, after many unsuccessful 
attempts in other directions, on the lengthening of the chain of disubstituted succinic 
and glutaric acids. Thus methyl -octyl ketone by the Guareschi synthesis furnishes 
6-methyl-f-n-octylglutaric acid, and the ester chloride of this acid reacts with ethyl 
sodio-«-acetyl-n-heptoate to yield an ester which gives 5-keto-3-n-octyl-3-methyl-n- 
undecoic acid on hydrolysis. Reduction by Clemmensen’s method affords 3-methyl-3-n- 
octyl-n-undecoic acid (®®-di-n-octylbutyric acid), (CH,*[CH,],),C(CH,)*CH,-CO,H. This 
acid forms compressed films of phthioic type, a circumstance which is not really sur- 
prising because immersion in the water may well occur up to the branch. It is, however, 
not toxic to the animal organism and this indirectly confirms the view that phthioic acid 
is a trisubstituted acetic acid. In the dioctylbutyric acid we have a non-toxic fatty acid, 
which is physically of phthioic acid type, and therefore a substance the molecules of 
which might be expected to be capable of replacing those of phthioic acid or its derivatives 
when disposed on surfaces. Alternatively, there might be special mutual solubility 
relations subsisting between the acid and the components of the fat of the micro-organisms. 
Hence it was tested against tubercle bacilli im vitro and was found to be more effectively 
bactericidal than the Cy) acids of Adams and Stanley. As it contains twenty carbon 
atoms and these authors found that C,, or C,, was the optimum in their series, we have 
every reason to believe that better compounds of a similar kind will eventually be en- 
countered. 

Further experiments are necessary in order to determine whether or no the three 
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alkyl groups give any real advantage over the two occurring in the substances already 
studied. 

I have discussed these preliminary results in the hope that other organic chemists 
will be encouraged to énter this field of synthetic work. 


B. A Speculation regarding the Ring Structure of the Sterols and Related Substances. 


Comparison of the structures of the sterinoid group of substances shows that the 
common features are the skeleton of rings A, B, C, and D and the oxygen atom in posi- 
tion 3, whereas the side chain may assume a large variety of forms. Ethylene linkages, 
hydroxyl and keto-groups appear in several positions in individual substances and 
aromaticisation of a ring naturally involves extrusion of an angle-methyl group. The 
basic skeleton is therefore shown in the expression (I) and this contains two similar units 
as indicated by the dotted lines (cf. De Feu, McQuillin, and Robinson, J., 1937, 53). 
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The side chain of cholesterol suggests a dissopentane make-up, but this does not apply 
to ergosterol and stigmasterol, so it is doubtful whether the isoprene hypothesis can be 
applied to the sterols. It would seem more rational to assume that two identical pro- 
genitors together with a component introducing the side chain combine to form the 
different members of the group. 

In considering the possible genesis of a group (II) it has already been suggested that 
it might arise from triose units which are subsequently methylated at some of the a-carbon 
atoms (loc. cit.), but attention is now drawn to a different hypothesis, namely, an origin 
from tyrosine or, more probably, a protein containing tyrosine residues. Such a view is 
not to be dismissed on account of the fact that nitrogen is not altered in function during, 
for example, the growth of ergosterol-producing fungi. It is already known that ammonia 
may be transferred from an amino-acid to an a-keto-acid. Nor is the theory necessarily 
disproved if it is found that added tyrosine does not increase the formation of sterols, 
because the tyrosine so introduced may not be in the appropriate state of combination, 
it may not reach the active site of the synthetic process, and it may have an unfavourable 
physiological effect on the natural growth of the organism. Hence it is thought worth 
while to put this theory on record even though Dr. E. Walker (private communication) 
has in fact observed an unfavourable effect of tyrosine on the formation of ergosterol 
by yeast. 

In the metabolic error associated with homogentisinuria it has been proved that 
tyrosine is the sourcé of homogentisic acid (III) and the mechanism is undoubtedly 
analogous to certain migrations of “‘ chinole ’’’ examined by Bamberger. 


CH,*CH(NH,)-CO,H 
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Methylation in the f-position by the phenolic hydroxyl of tyrosine might by a similar 
migration give the structure (II) in some form. 
CH, 


- ify asa 7 \\ cH cH(NH)-CO,H — (Il 
07\Z 


Now it is certain that a C-methylation of hetero-enoid systems does occur in Nature, the 
clear cases being methylations of the group N-C—C to N-C-C(Me). This can be traced 
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in the berberine group in the formation of such alkaloids as corydaline, but a still better 
example is physostigmine (eserine) (IV). Here the genesis from a substituted tryptophan 
is hardly to be doubted and the first approximation is indicated in the scheme : 


By CHC yf, gil 
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The hetero-anionoid system HO-C—C-C—C- is theoretically analogous to N-C—C and 
might undergo a similar C-methylation. 
As a closer approximation it is suggested that formaldehyde (or a source or equivalent 
of this me a be the a agent as gy below : 


CH,—N 
cH,e Ow, rd ie Loe C Cost Me 
Sout Ae is yw H,-CO-CO,H 


(VI.) 


The carbonyl group in an intermediate of type (V) may a a p-cresol residue in the 
p-position to hydroxyl, whilst the carbonyl of (VI) (aldehyde or a-keto-acid) can effect 
the union of two molecules. The exact order of the stages cannot of course form an 
essential part of this theory, which is confined to the rough outlines, but it is at least 
necessary to show that one possible order of events exists. This is shown below, although 
no importance is attached to the assumed method of formation of ring D : 


pr CH 
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HO \. a 


By subsequent bo reductions, hydrations and dehydrations and by the use of 
starting points other than phorone (or equivalents) all the sterinoids known can be accom- 
modated. Thus by starting with the condensation product of (VI) and dihydroxyacetone 
we may arrive at the expression selected by Marker (J. Amer. Chem. Soc., 1938, 60, 1725) 
as the probable progenitor of the sex hormones and corticosterone. 
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THE SEVENTEENTH FARADAY LECTURE. 
DELIVERED BEFORE THE CHEMICAL SOCIETY ON DECEMBER 15th, 1938. 


Monolayers on Solids. 
By IrvinG LANGMUIR. 


J. WILLARD GIBBs proved that if any substance added to a pure solvent gives a solution 
whose surface tension decreases as the concentration of the solute increases, there must 
be an accumulation or adsorption of solute molecules in the free surface. 

Similar adsorption can occur at other phase boundaries. With solid-gas or solid- 
liquid interfaces, although we cannot observe directly the lowering of surface tension, 
we can often detect the presence of the adsorbed film in other ways. The adsorption of 
gases. by charcoal cooled in liquid air and the adsorption of vapours by silica gel are 
familiar examples. 

With porous substances of this kind there is difficulty in determining the extent of the 
area of the solid-gas interface. With plane surfaces of solids, preferably cleavage surfaces 
such as those given by mica or calcite, the area is known, but the amount adsorbed is so : 
small that it is not easily measured. However, with gases at low pressures and sensitive j 
manometers, one can measure the amount of gas adsorbed per unit area. 

The presence of adsorbed films on plane surfaces is frequently indicated by marked 
changes in many of the properties of the surface. For example, in the case of metals, 
minute amounts of certain adsorbed gases alter the contact potential and produce enormous 
changes in electron emission and catalytic activity. These films often behave as catalytic 
poisons in heterogeneous gas reactions. Films of many organic substances adsorbed on 
solids modify the contact angles observed when a drop of liquid is placed on the surface. 

To understand effects of this kind we need to know the nature of these adsorbed films. 
We should know, for example, what types of force hold the adsorbed substance on the 
surface, how thick is the film, what is the arrangement of molecules or atoms within the ; 
film, and how do the properties of the film depend upon this structure. Since the forces 
at air—liquid or liquid-liquid interfaces do not differ essentially from those at air-solid or 
liquid-solid interfaces, any theoretical or experimental knowledge that we may acquire 
with regard to any one type of interface should help us in developing a general theory of 
adsorption phenomena. Thus, studies of surface tension, even of pure liquids, should . 
throw light on the nature of the forces which cause adsorption. 

Early theories of surface tension (Thomas Young, 1805; Laplace, Gauss, etc.) treated 4 
liquids as continuous fluids between whose elements of volume forces acted. Much later, : 
van der Waals, in his theory of the continuity of the liquid and gaseous states, analysed the 
nature of the surface in more detail. In these theories the forces between the molecules i 
or the elements of volume within the liquid were thought to be physical forces resembling 
in many ways gravitation or the interaction between electrically charged particles. They, 
were assumed to be forces that acted at a distance through intervening matter, unaffected 
by the presence of that matter. The transition between liquid and vapour phases at an ! 
interface was thus taken to be continuous, without any abrupt change in the density or 
other properties. i 

Similarly, in the early theories of adsorption the film was assumed to have a structure 
analogous to that of the atmosphere of the earth, the forces exerted upon the molecules by 
the substrate playing the réle of gravitation in the atmosphere. The molecules, however, 
were taken to be spheres which exerted forces on other molecules according to some function 
of the distances between molecular centres. Such theories could not take into consider- . 
ation the wealth of knowledge of chemical structures which organic chemists had already 4 









































obtained. 

Nature of Forces.—The forces that hold bodies together in our three-dimensional world 
have been given many names. The so-called chemical forces, which correspond to covalent 
bonds, act between atoms within molecules, as, for example, between carbon and hydrogen 





: 
| 
! 
| 
| 
| 


Oe 


A LS TS 





512 Langmuir: Monolayers on Solids. 


atoms in molecules of methane. These forces are characterised by their specificity, being 
dependent upon the particular nature of the atoms that are joined and even upon the 
neighbours of these atoms. Electronic resonance may greatly modify the magnitude of 
the forces. 

The familiar van der Waals forces, such as those that are involved in the liquefaction 
of methane at low temperatures, are non-specific attractive forces which result from the 
mutual interactions of electronic shells. 

For stable equilibrium, attractive chemical forces and van der Waals forces must be 
balanced by repulsive forces which prevent the interpenetration of electronic shells and so 
keep the molecules from coming too close together. 

Since atoms and molecules are built of electrons and atomic nuclei, it has long been 
recognised that all forces within matter are essentially electrical in nature. However, the 
three types of force which we have just discussed are so intimately associated with quantum 
phenomena that the electrical aspects are not apparent to the chemist. Electric forces 
which are more strictly of the Coulomb type, varying according to the inverse square law, 
have become increasingly important within recent years. Thus according to the older 
theory of electrolytic dissociation, positive and negative ions in aqueous salt solutions 
remain apart because the high dielectric constant of the solvent reduced the Coulomb 
attraction. The independent response of the two types of ions to electric fields became the 
basis of the theories of electrode potentials. 

The crystal structures of inorganic salts that have been revealed by X-ray methods 
prove that these solids are held together by the Coulomb attraction between ions. By 
taking into account these electric forces it has been possible to calculate the compressi- 
bilities, heats of vaporisation and other properties of these crystals. 

The Debye-Hiickel theory of electrolytes is based on a consideration of the electric 
forces between the ions and the effect of thermal agitation. Debye also showed that many 
properties of pure liquids and solutions depend upon the presence of dipoles, whose inter- 
action can be calculated from the Coulomb law. 

Before clear ideas had developed in regard to the structure of solids, many properties 
of matter were described in terms of forces of cohesion and adhesion. To-day we no 
longer think of these as particular kinds of force: they are rather taken to be examples of 
forces of the types we have already considered. The great cohesion (hardness) shown by a 
diamond thus results from the strong covalent bonds that link together all neighbouring 
carbon atoms, while the low cohesion (softness) of solid paraffin involves mainly the relatively 
weak van der Waals forces between the hydrocarbon chains. We therefore do not consider 
that there are any unknown or mysterious forces primarily responsible for cohesion and 
adhesion. 

Range of Forces.—There has been general recognition of the fact that in the structure 
of matter there are examples of forces having both long and short ranges. The chemist 
has dealt particularly with forces of short range. He has taken it for granted, as a result 
of a long experience, that chemical reactions between molecules occur only when the 


molecules are in contact with one another. He assumes, therefore, that the forces involved 


in chemical phenomena are of very short range, comparable with the radii of atoms. 

Elementary consideration of the work necessary to break a brittle material or to cleave 
crystals such as mica shows that intense forces originating from the surface of a solid body 
can extend only to very short distances. Thomas Young, over a century ago, proved 
that the forces involved in surface tension must have a range of the order of 10-* cm. or 
1 A., but in later years this conclusion seems to have been largely forgotten. 

The later physicists (prior to 1920) who dealt with surface tension and adsorption 
usually regarded the forces as essentially long-range forces which act over distances large 
compared with those between atoms and molecules. This assumption was made, I believe, 
largely by force of habit rather than because of definite experimental evidence. 

Common observation of large electrically charged bodies shows that electrostatic forces 
can extend through large distances. Forces which are significant in the structure of matter 
must correspond to potential energies which are at least of the order of kT (about 0-025 
electron volt at room temperature), which is a measure of the energy of thermal agitation. 
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The energy involved in chemical interactions is usually very much larger than this. The 
Coulomb law allows us to estimate the distances within which such forces may be significant. 
Thus the potential energy between two electrons is equal to kT when the distance between 
them is 560 A. On the other hand, in water (dielectric constant 80) the corresponding 
distance is only 7 A. 

With multivalent ions and particularly with large colloidal particles the effective 
distances, which increase in proportion to the product of the charges on the interacting 
particles, may become relatively great. Colloids whose micelles carry charges of 10 or 
more units may show effective ranges of several hundred or even several thousand Angstrém 
units. Concentrations of electrolytes of the order of 10-* m can greatly reduce the range 
because of the segregation of ions of one sign around each ion of the opposite sign, in 
accordance with the Debye—Hiickel theory. 

Electric forces of very long range can be observed in the space charge phenomena which 
occur in electric discharges in high vacuum or in gases at low pressures (Langmuir, Physical 
Rev., 1913, 2, 450). Consider, for example, a nearly uniform volume distribution of 
particles having charges of one sign only (ions or electrons). The number of particles in 
successive concentric shells of equal thickness increases in proportion to the square of the 
radius. With an inverse-square law of force between particles the shells give contributions 
to the potential at the origin which increase in proportion to the radius, so that the effect 
of the outer shells is much more important than that of the inner ones. The forces due to 
space charge thus extend throughout any region in which the particles are predominantly 
of one sign, and are frequently observable at distances of several cm. 

Debye has shown (“ Polar Molecules,’ Chemical Catalog Co., New York, 1929) that 
many of the dielectric properties of liquids and solutions depend on the dipole moments of 
their molecules. In these cases the dipoles are oriented by an applied external field. 
Dipoles can also be oriented by the local fields of ions or of other dipoles. Let us consider 
the magnitude and range of the forces involved. 

The interaction between a dipole and an ion gives a force which varies with the inverse 
cube of the distance and depends upon the orientation of the dipole. Molecules of water 
which have a high dipole moment, 1-87 Debye units (1 unit equals 10-18 c.g.s. units), should 
theoretically require a field of the order of 10’ volts per cm. to orient the majority of them 
against the effect of thermal agitation. A field of this magnitude would exist at a distance 
of 12 D-!? a. from a univalent ion, where D is the dielectric constant. If we should take 
D = 80, the distance would be only 1:3 a. 

It is well known that small ions in aqueous solutions are hydrated. Such effects are 
now generally explained in terms of hydrogen bonds rather than electric attractions of the 
ions for the dipoles. A single layer of completely oriented water molecules on a plane 
surface would give a double layer potential of 15 volts if the dipole moment should remain 
1-87 units. The mutual depolarisation of the dipoles in such layers must evidently reduce 
the moment to a relatively small value. The dipole theory of the origin of the forces thus 
loses its usefulness in cases where the dipole molecules are closely packed. 

When the dipoles are at distances from ions so great that the forces give only a small 
orienting effect, the effective dipole moment instead of being p reduces to u2F /3kT, where F 
is the field strength. Under these conditions the average force exerted by the ion on the 
dipole is one of attraction and varies with the inverse fifth power of the distance. The 
potential energy involved is negligible compared to kT for dipoles of ordinary magnitude 
at distances of more than 3 A. in the case of univalent ions, but this effective range varies 
with the square root of the charge on a multivalent ion and so may be considerably larger 
in the case of colloidal particles. 

Dipole molecules when completely oriented exert forces on one another which vary 
with the inverse fourth power of the distance. Under conditions which give incomplete 
orientation, the force is proportional to the inverse seventh power. Only when the dipoles 
are practically in contact can the energies be comparable with kT. 

The van der Waals forces which act even between non-polar molecules also vary with 
the inverse seventh power of the distance. Therefore, between individual molecules these 
forces will have still shorter ranges than the dipole forces. The other types of force which 
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we have considered, the chemical forces corresponding to covalent bonds, and the repulsive 
forces due to the impenetrability of electronic shells, have extremely short ranges of action, 
being limited in general to distances even much less than 1 A. 

There is no logical reason to assume that the forces involved in the formation of adsorbed 
films are essentially different from those that are active within three-dimensional solid or 
liquid phases. At the boundary between phases the forces are naturally unsymmetrically 
distributed, and this produces the characteristic phenomena of adsorption. However, 
the nature and range of action of the forces should not be altered by this assymmetry. 

Experiments with Tungsten Filaments——My own interest in phenomena at surfaces 
arose from studies of the interactions between hot tungsten filaments and low pressures 
of various gases introduced into the surrounding bulb (Langmuir, J. Amer. Chem. Soc., 
1915, 37, 1139). 

Fic. 1. 
Clean-up of oxygen and hydrogen by a heated tungsten filament. 
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Tungsten filaments possess particular advantages in studies of adsorption phenomena, 
since they can be heated in vacuum for considerable times even at temperatures as high as 
3000° kK., at which all other substances vaporise. The surface of the filament can be freed 
from all contamination by flashing it for a few seconds at a very high temperature. The 
ease of temperature measurement by optical pyrometers or from the current-voltage 
characteristics, and the rapidity with which temperature changes can be produced are 
further important advantages. The electron emission from the filament serves as a very 
sensitive indicator of the presence of adsorbed films. 

With hydrogen at a low pressure, such as 10 baryes (ca. 0-01 mm. of mercury), the 
heating of the tungsten filament to 1500° k. caused a gradual disappearance of the hydrogen 
as shown in curve I of Fig. 1 (Langmuir, 1bid., 1912, 34, 1310). After 20 minutes, practically 
all the hydrogen had disappeared. A second supply of hydrogen disappeared more slowly 
(curve II). With a bulb containing two filaments, it was readily proved that the gas was 
not absorbed by the filament but disappeared because a monatomic layer of hydrogen 
atoms was adsorbed on the surface of the bulb. The hydrogen adsorbed on the glass was 
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found capable of reacting with oxygen at room temperature after the filament had been 
allowed to cool, indicating that the hydrogen remained in a very active state. The maxi- 
mum amount of adsorption occurred when the bulb was immersed in liquid air, and corre- 
sponded to about 1-5 x 1015 atoms of hydrogen per cm.? of glass surface, which is equal to 
the number of spheres of diameter 2-8 A. which can be packed per cm.? into a close-packed 
hexagonal lattice. 

Since the diameter of the hydrogen atoms is somewhat less than 2-8 A., those in the 
adsorbed film are not in contact with one another. Hydrogen atoms incident upon such 
an adsorbed film presumably combine with any hydrogen atoms which they may strike 
to form molecules which escape from the surface. The failure to obtain thicker films of 
hydrogen evidently depends upon this reactivity. The forces that hold the atoms on the 
surface are thus of short range and are related to the chemically unsaturated nature of the 
atomic hydrogen. 

When a tungsten filament is heated to about 1500° K. in oxygen at 100 baryes or less, 
the oxygen reacts with the tungsten to form the oxide WOs, which evaporates from the 
filament at this temperature as fast as it is produced, leaving no visible film on the surface 
and producing no change in the radiating characteristics of the filament (Langmuir, ibid., 
1913, 35, 105). The decrease of pressure, as shown in curve III of Fig. 1, corresponds to 
a unimolecular reaction, the rate being proportional to the pressure. 

It is of interest to inquire what fraction of all the molecules of oxygen that strike the 
surface of the filament react to form an oxide. The kinetic theory of gases leads to the 


equation 
pan P/(ZemhT)® 2. wwe we ew oe QD 


where pu is the rate of arrival of the gas molecules expressed in molecules cm.~ sec.-!, and 
m is the mass of the molecule. By inserting numerical values this equation becomes 


u=265 xX 10%(MT)\2® 2 2 2 wwe ee (2) 


where M is the molecular weight of the gas (oxygen atom = 16) and # is expressed in baryes. 
By comparing the observed rate of clean-up of the gas with the rate calculated by this 
equation it was possible to find e, the fraction of all the impinging molecules which react 
on striking the filament. For filament temperatures from 1200° to 2000° x. the value 
(Langmuir, tbid., p. 105) of € is given by 


logype = 1:76—5040/T . . . «. « « = «© (8) 


so that at T = 1500°, e = 0-0063. The temperature coefficient corresponds to an activ- 
ation energy of 27 kg.-cals. 

The pressures in these experiments were so low that the reaction cannot be due to the 
simultaneous arrival of two molecules of oxygen from the gas at a given point on the 
filament surface. The formation of the trioxide must therefore depend on an adsorbed 
film of oxygen, which permits three oxygen atoms to come into contact with a single tungsten 
atom. 

The presence of such an adsorbed film of oxygen is manifested also by many other 
properties of the filament. For example, the electron emission at 1500° kK. is reduced to 
about 1/10,000 of that observed before the oxygen is admitted, but this emission is 
independent of the oxygen pressure and remains indefinitely at this low value, even after 
the oxidation of the tungsten has consumed nearly all residual oxygen. By introducing 
cesium vapour, every trace of gaseous oxygen is immediately removed, yet this does not 
increase the emission at 1500° K. 

After the filament temperature, however, has been raised to 2000° k. for 20 seconds, 
the electron emission at 1500° K. increases 100-fold, showing a partial evaporation of oxygen 
from the surface of the filament. Experiments at a series of temperatures below 2000°, 
each followed by a test of activity at 1500°, gave a temperature coefficient for the rate of 
evaporation of the oxygen which corresponded to an activation energy or a heat of evapor- 
ation of 160 kg.-cals. per g.-atom. “xtrapolation indicates that at 1500° K. several years 
would be necessary for the evaporation of the film. 
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The extraordinary stability of this adsorbed film of oxygen on tungsten is also shown 
by many chemical properties. For example, the film acts as a catalytic poison; it prevents 
the heated filament from dissociating hydrogen into atoms or ammonia into its elements. 
Curves IV and V in Fig. 1 illustrate typical results (idem, Chem. Reviews, 1933, 18, 147) 
obtained when a mixture of oxygen and hydrogen at low pressure is introduced into a bulb 
containing a tungsten filament at 1500° x. For the first 24 minutes the oxygen disap- 
peared at exactly the same rate as though no hydrogen had been present. Analyses of 
the gas in the bulb at the end of this time showed that the remaining gas was pure hydrogen, 
and that none of this gas had disappeared up to this time. After the pressure of oxygen 
had fallen to an extremely low value (about 10° barye), the hydrogen suddenly began to 
disappear (curve V) at the same rate as if no oxygen had previously been present. 

In view of the fact that the oxygen film in absence of hydrogen would not have evapor- 
ated appreciably in less than a year at 1500° K., it is remarkable that in the presence of 
hydrogen the effect of the oxygen disappears abruptly after 24 minutes. Measurements of 
electron emission have shown that there is a sudden increase of emission at this point. 
These observations prove that the film of oxygen is unaffected by the hydrogen as long as 
a minute trace of gaseous oxygen is present, but below this critical pressure the hydrogen 
is very effective in reacting with and removing the adsorbed oxygen. It appears that 
hydrogen can react with the oxygen only after it is adsorbed on the tungsten in spaces 
between the oxygen atoms. 

Since oxides of tungsten are easily reduced by hydrogen at temperatures below 1000°, 
the inability of the hydrogen to react with the complete film of oxygen on tungsten proves 
that this film does not consist of any of the oxides of tungsten. If, however, the film con- 
sists of a complete layer of oxygen atoms chemically bound to the tungsten atoms of the 
surface, the oxygen may be just as incapable of reacting with hydrogen as is the oxygen 
in such a compound as calcium oxide. When two hydrogen atoms are adsorbed on the 
tungsten, adjacent to an oxygen atom, a mere shifting of electrons in the metal can permit 
the hydrogen atoms to attach themselves by covalency bonds to the oxygen, thus saturating 
the oxygen and allowing it to escape from the underlying tungsten. 

These alterations in the properties of the surface of the tungsten filament produced by 
the presence of oxygen are due to a monatomic layer of oxygen atoms held very firmly to 
the tungsten atoms. The fact that complete and incomplete monatomic layers of oxygen 
behave so differently toward hydrogen emphasises the importance of contacts between 
atoms. The hydrogen cannot dissociate unless it comes into contact with tungsten atoms. 
The oxygen adsorbed atoms cannot leave the tungsten until they can react with hydrogen 
atoms adsorbed on tungsten in adjacent spaces. Thus the complete monatomic layer of 
oxygen is a catalytic poison for the dissociation of hydrogen, while bare spots on the 
tungsten surface act as a catalyst for the interaction of the oxygen and hydrogen. 

An extensive set of experiments was carried out in 1919 by my assistant, Mr. S. P. 
Sweetser, who studied the interaction of oxygen and hydrogen in contact with a tungsten 
filament over a wide range of filament ‘temperatures. With the filament at 1500° xk. in a 
mixture of oxygen and hydrogen no appreciable amount of hydrogen disappears until the 
kink is reached, as shown in Fig. 1. The pressure corresponding to this kink measures 
the amount of hydrogen, while the decrease in pressure that occurs before the kink gives 
the amount of oxygen. We are thus provided with a simple and accurate method of 
analysing mixtures of oxygen and hydrogen. 

When filament temperatures ranging from 1700° to 2300° kK. are used, the pressure at 
the kink is less than the partial pressure of the hydrogen originally present, but an 
analysis of the residual gas made at any time after the kink shows that the gas is pure 
hydrogen. 

Table I contains a brief summary of the previously unpublished results of these experi- 
ments. The volume of the bulb with the attached McLeod gauge was 5-51. The filament 
had a surface of 2-5 cm.2._ Before the filament was heated, the bulb was filled to a total 
pressure of about 12 baryes with a mixture containing two volumes of hydrogen to one of 
oxygen. The filament was then heated to the temperature given in the first column. The 
time in seconds at which the kink in the curve occurred is shown in col. 2. Col. 3 gives the 
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percentage of the original amount of hydrogen which remained in the gas at this critical 
point, the oxygen having all disappeared at this time. 


TABLE I. 
The rate of disappearance of hydrogen from mixtures of oxygen and hydrogen in contact with 
heated tungsten filaments. 

rw #, secs. % Hy. €, before. €, after. €o- 
1570° 1500 100 — 0-00010 0-0095 
1710 270 97 0-00003 0-00030 0-0193 
1870 175 92 0-00022 0-0013 0-038 
2050 115 79 0-0010 0-0048 0-073 
2210 54 72 0-0028 0-0099 0-118 
2380 28 60 0-0086 0-0185 0-184 
2520 16 50 0-017 0-022 0-253 


By repeating each of these runs several times, but interrupting the experiments at pre- 
determined times to make an analysis of the gas by the method just described, it was 
possible to determine the rates at which the hydrogen and the oxygen disappeared before 
the critical time had been reached. At any given temperature the rate of decrease of the 
hydrogen pressure was approximately proportional to the pressure of the hydrogen, but 
independent of the pressure of the oxygen. The value of e, in col. 4 gives this rate of re- 
action in terms of the fraction of the hydrogen molecules incident upon the filament which 
disappear before the critical time has been reached. Col. 5, under the heading ¢,, shows 
the corresponding value of ¢e for the clean-up of the hydrogen after the critical time. In 
the last column, under the heading é€, is the value of € given by equation (3) for the normal 
rate of clean-up of oxygen by a tungsten filament at the temperature T. 

A study of these and other data has led me to the following conclusions. The adsorbed 
film of oxygen consists of a single layer of firmly bound oxygen atoms nearly completely 
covering the surface. These atoms, however, do not react directly with one another 
and with tungsten to form the oxide WO, even at the highest températures. At very 
high temperatures, such as 2000° or more, the adsotbed oxygen evaporates as free atoms, 
not as molecules. 

Oxygen molecules which strike the surface already covered with the adsorbed oxygen 
films condense on the surface to form a second layer, probably of atoms held to the underlying 
atoms by forces much like those that hold together the two atoms of oxygen in peroxides. 
The atoms in the second layer, however, are held by forces that are small compared with 
those that hold the first layer, so that at temperatures above 1200° k. they evaporate at a 
relatively high rate and therefore only a minute fraction of the surface is covered by this 
second layer. Each atom in the second layer moves freely over the surface until one of 
three things happens: (1) It evaporates; (2) it reacts with two oxygen atoms in the first 
layer and with an underlying tungsten atom to form WO, which evaporates, leaving a 
hole or gap in the first adsorbed layer; (3) it drops from the second layer into any of these 
holes formed in the first layer and thus provides the mechanism by which the oxygen 
content of the first layer is held constant. 

This theory explains the fact that the rate of formation of WO, is proportional to oxygen 
pressure over a wide range of pressure. The amount of oxygen in the second layer is pro- 
portional to the oxygen pressure. The fraction of the surface which is bare (holes in the 
oxygen film) is independent of the pressure, since both the rate of formation of the holes 
and the rate of filling up the holes are proportional to the pressure. The electron emission 
and the rate of clean-up of hydrogen, as measured by e, in Table I, are thus independent of 
the oxygen pressure. 

At much lower oxygen pressures with very high filament temperatures, particularly 
above 2200° k., the rate of evaporation of oxygen atoms from the first layer begins to be of 
increasing importance, so that the fraction of the surface which is bare under these con- 
ditions no longer remains independent of the oxygen pressure. The rate of formation of 
WO, at these low pressures then has a negative temperature coefficient; at the highest 


temperatures the atoms evaporate before they have a chance to form WO,. Numerous 
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experiments in our laboratory have demonstrated this negative temperature coefficient 
of reaction velocity at pressures less than 0-1 barye and at temperatures above 2300°, and 
have also shown that the oxygen which escapes from the filament is then atomic oxygen 
which reacts with and oxidises metallic tungsten previously evaporated on to the bulb. 

When hydrogen and oxygen are both present in the bulb the hydrogen molecules are 
not able at any temperature to react directly with the oxygen in either the first or the 
second adsorbed layer. However, if they reach the tungsten surface through the holes in 
the first layer they dissociate into atoms and react immediately with an adjacent oxygen 
atom. Thus when the oxygen pressure falls below the critical value, the hydrogen com- 
pletely removes all the oxygen from the surface, and it does this suddenly. The data for 
€) and e, in Table I show that before the critical pressure is reached the value of ¢ for fhe 
oxygen clean-up is several hundred times as great as that for the hydrogen. This greater 
effectiveness of the oxygen is accounted for by the presence of mobile oxygen atoms in a 
second layer, and the absence of a mobile layer of hydrogen. Thus the holes in the first 
layer can be filled by oxygen from molecules which may have struck almost any part of 
the surface, but only the hydrogen molecules which make direct hits in the holes are able to 
interact with oxygen atoms and so increase the size of the holes. The pressure of the oxygen 
is thus several hundred times greater than that of the hydrogen at the time when the 
kink occurs. 

In some unpublished experiments made a few years ago by Dr. J. Bradshaw Taylor, 
oxygen at low pressure was admitted into a bulb cooled in liquid air, whose inner surface 
was covered with a deposit of metallic cesium. In the bulb was also a tungsten filament 
which had previously been flashed to 3000° to clean its surface. After the oxygen was 
pumped out, the bulb was warmed to room temperature so that every trace of remaining 
oxygen would react with cesium. The filament was then heated to 1600° kK. and was found 
to have the same electron emission as if it had been heated to 1600° k. in contact with oxygen 
at low pressure. This experiment proves that an amount of oxygen sufficient to form a 
monatomic layer condenses on a filament at very low temperatures and remains on the 
filament when it is heated 1600° k. The layer cannot consist of more than one layer of 
atoms, since the oxygen at low temperatures cannot penetrate into a tungsten filament, 
although it does so at temperatures above 1200° k., and thus no oxides of tungsten could 
have been formed. 

The poisoning effect of a monolayer of oxygen atoms on the dissociation of hydrogen and 
on many other chemical reactions bears a close resemblance to the phenomena of passivity 
of chromium as shown by its electrochemical behaviour and the resistance of polished 
chromium to oxidation. Since chromium and tungsten are in the same group of the 
Periodic Table, it would seem that a single complete layer of oxygen atoms tightly bound 
to the atoms of the chromium surface should be adequate to explain many of the features 
of passivity (Langmuir, Trans. Amer. Electrochem. Soc., 1916, 29, 260). 

Films of Thorium on Tungsten.—A study of the electron emission from tungsten fila- 
ments containing approximately 1% of thorium oxide showed (idem, Physical Rev., 1923, 
22, 357) that after proper heat treatment of the filament the electron emission at an 
arbitrarily chosen temperature (testing temperature) of 1500° k. was about 100,000 times 
greater than that from a pure tungsten filament. To bring the filament into this con- 
dition it is heated for short time intervals at a series of increasing temperatures, the final 
heating being for about 30 seconds at 3000° x. In this way a fine-grained filament is 
produced which contains a low concentration of metallic thorium formed by the reduction 
of the thorium oxide while oxygen diffuses out of the filament. It is then necessary to 
activate the filament by heating it for a considerable time at a temperature in the neigh- 
bourhood of 2100° k. which permits the thorium to diffuse to the surface without too great 
loss from the surface by evaporation. 

Under these conditions the thorium accumulates on the surface as a single layer of atoms, 
thus giving a concentration near the surface far higher than in the interior of the filament. 
The fact that the thorium diffuses from a region of low concentration to one of high con- 
centration indicates that we are dealing with a typical case of adsorption: A comparison 
of the properties of thorium and tungsten shows that the surface energy of thorium should 
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be much lower than that of tungsten, and therefore, according to Gibbs’s theorem, one 
should expect a stable adsorbed film of thorium. 

The activity of the filament can be determined by measuring the emission at the testing 
temperature of 1500° kK. By raising the temperature to 1900° kK. an emission of over 
0-5 amp./cm.? can be be maintained for many thousands of hours, although to obtain a 
similar emission from pure tungsten one would have to heat the filament to 2500° xk., and 
the life would then be much shorter than that of the thoriated filament. 

The effect of the thorium monolayer which forms on the surface is to raise the electron 
emission from the filament. Since the emission can be easily measured with an accuracy 
of about 1%, while a complete monolayer gives a 100,000-fold increase, we have here an 
extremely sensitive method of detecting adsorbed atoms on a surface. For a quantitative 
determination of the amount of thorium on the surface it is necessary, however, to know 
the relationship between the emission and the amount of adsorbed thorium. Since thorium 
is a metal which has a much higher atomic volume than tungsten, it should have a lower 
electron affinity, and therefore atoms of thorium on the surface should be positively charged. 
This charge induces a negative charge in the surrounding tungsten, so that, according to 
the usual image theory, the external field produced by a thorium atom is equivalent to that 
of a dipole. If the dipoles are sufficiently far from one another, the dipole moment given 
by one thorium atom will not modify that of its neighbours. It follows then that at low 
surface concentrations the contact potential increases linearly with the surface concen- 
tration of the thorium. The electron emission, however, which is a kind of evaporation 
phenomenon, varies exponentially with the contact potential. Thus the logarithm of the 
emission should increase linearly with c, the number of thorium atoms per cm.? of surface. 

If one cleans the surface of the filament by flashing at 2800° k. and then maintains the 
filament at 2100° K., one would expect the thorium to arrive at the surface at a nearly 
constant rate, at least until the supply of metallic thorium in the filament begins to be 
exhausted. From time to time one can lower the filament temperature to 1500° kK. to 
measure the electron emission. It is found, in fact, that for moderate increases in emission, 
of several hundred-fold, the logarithm of the emission 7 increases linearly with the time, 
which indicates that the change in log 7 is a measure of the amount of thorium present. 

However, when the activity becomes still greater, log ¢ increases much more slowly and 
finally approaches a limiting value. The higher the activating temperature, the lower this 
limit becomes. Qualitatively, at least, this indicates that the final surface concentration 
represents a balance between the rate of diffusion of the thorium to the surface and the 
evaporation from the surface. By flashing the filament for short time intervals at a series 
of higher temperatures, and observing the effect on the electron emission at the testing 
temperature, one can measure this rate of evaporation and its temperature coefficient. It 
is found that the heat of evaporation corresponds to 173 kg.-cals., while that of tungsten 
as determined by the rate of loss of weight is 210 kg.-cals. 

The non-linear increase in log + with time at the higher surface concentrations suggests 
that the evaporation of the thorium takes place relatively more rapidly when the thorium 
atoms become crowded on the surface. It was first assumed that the linear relation 
between log 7 and o was applicable, at least approximately, over the whole range of values 
of c. The maximum value o, thus corresponded to a complete monolayer of thorium. 
The fraction 6 of the surface covered by the thorium, or covering fraction, can be defined 
as equal to o/o}. 

Interpreted in this way, the experimental data on the activation of thoriated filaments 
between 1950° k. and 2050° kK. led to the conclusion that the rate of growth of the thorium 
film could be expressed by the equation 
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where & increases with temperature and depends upon the rate of diffusion of thorium 
from the interior of the filament. 
To account for the factor (1 — 0) the hypothesis was made that the thorium atoms which 


arrived from the interior pushed the “‘ adatoms ” (adsorbed atoms) off the surface if they 
arrived at places already occupied. This forced evaporation was referred to as “ induced 
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evaporation ” to distinguish it from that which occurs spontaneously at a given temper- 
ature from the film, even when thorium does not arrive from the interior. 

Becker and Brattain (Physical Rev., 1926, 28, 341) and Brattain and Becker (sbid., 1933, 
43, 428) have shown that with monolayers of barium, cesium, or thorium on tungsten the 
curve giving log 4 as a function of 6 is approximately linear only at low values of 6, while 
at higher values log 7 increases to a maximum and then decreases. To determine this 
relationship in the case of thorium films they evaporated thorium at a constant rate from 
a heated thorium filament on to a neighbouring cold tungsten filament, and from time to 
time measured the electron emission from the tungsten filament at a testing temperature. 
When these results were compared with the data that I had obtained during the spontaneous 
activation of thoriated filaments between 1950° k. and 2050° k., it was found (Langmuir, 
J. Franklin Inst., 1934, 217, 543) that the non-linear increase of log ¢ with time was fully 
accounted for by the non-linearity of the relation between log 7 and 6, and thus the hypo- 
thesis of induced evaporation could be discarded. As a matter of fact, the analysis of the 
data showed that @ increased linearly with time until spontaneous evaporation brought 6 
nearly to its limiting value. 

From the data of these experiments it was possible to determine the actual rate of 
evaporation of thorium v, in atoms per sq. cm. per sec., as a function of T and @. In the 
range from 6 = 0-2 to 6 = 0-6, v varies in proportion to e#® where H = 8-1. A ten-fold 
increase in 6 from 0-07 to 0-7 gives a 730-fold increase in v, which means that the average 
life of a thorium atom on the surface decreases in the ratio 73 to 1 in this range. 

This rise in v at the higher values of 6 results from the repulsive forces between the di- 
poles of the adsorbed thorium atoms which tend to drive these atoms off the surface. As 
6 approaches unity, v increases so rapidly that the amount of thorium accumulating at the 
surface never exceeds that which corresponds to a monolayer. The measurements show 
that the maximum in the electron emission occurs when 6 = 0-7. 

When layers of thorium deposited by evaporation on to a tungsten filament reach a 
thickness several times that of a monolayer, the electron emission is about one-third of 
that corresponding to the optimum emission at 6 = 0-7. The electrical properties of a 
surface covered by a complete monolayer, 6 = 1, are substantially the same as those of a 
thick film of the same material. 

Numerous experiments have proved that thorium atoms migrate over the surface of a 
tungsten filament at appreciable rates at temperatures a few hundred degrees lower than 
those at which the thorium evaporates from the surface. For example, thorium deposited 
on one side of the filament may be made to diffuse uniformly over both sides of the filament 
by prolonged heating of the filament at the proper temperature. 

Adsorption by van der Waals Forces.—The cases of adsorption which we have just been 
considering, where atoms of oxygen or thorium are bound firmly to the surface of the 
tungsten filament, even at very high temperatures, prove that in some cases at least the 
forces involved in adsorption are comparable with those which hold together the atoms of 
even the most stable chemical compounds. They also prove that the effective range of 
action of these forces is small even when compared with atomic diameters. Since adsorp- 
tion involves the same types of forces as those involved in the ordinary three-dimensional 
states of matter, we should expect to find types of adsorption corresponding to even the 
weak van der Waals forces, which hold together the molecules of non-polar liquids such as 
the liquid hydrocarbons or liquefied inert gases. In order to gain knowledge of adsorption 
of these types, experiments were undertaken to measure the adsorption of such gases as 
argon, To hydrogen, oxygen, and methane on plane surfaces of glass and mica 
(Langmuir, ]. Amer. Chem. Soc., 1918, 40, 1361). Most previous work on adsorption had 
been done with porous substances, such as charcoal, where the extent of the surface was 
unknown, and therefore the thickness of the adsorbed film could not be determined. The 
experiments soon showed that the amounts of these so-called permanent gases adsorbed 
on the plane surfaces at room temperature are negligibly small compared with the amount 
needed to form a monolayer of molecules. At liquid-air temperatures, however, the amount 
adsorbed increases at first about in proportion to the pressure, but at higher pressures 
reaches a limiting value which in every case studied corresponds to less than a monolayer. 
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Evidently, therefore, even with these cases of adsorption which involve merely van der 
Waals forces, the effective range of action of the forces responsible for the adsorption is 
less than the molecular diameter, so that we are still clearly dealing with forces which act 
between atoms or molecules in contact. 

Condensation—Evaporation Theory of Adsorption on Solids.—With adsorbed films of both 
oxygen and thorium on tungsten we have seen that the number of atoms in the film at any 
given time depends upon a balance between the rate of arrival of the oxygen or thorium 
on to the surface and the rate of loss of material from the surface by evaporation or by a 
chemical reaction. When we are dealing with the surface of a solid in contact with a gas 
which can become adsorbed we can therefore analyse the mechanism in terms of con- 
densation and evaporation. This leads us to a theory not only of the equilibrium but also 
of the kinetics of adsorption phenomena. 

According to this theory, the condensation and evaporation processes are independent 
of one another; that is, the probability that a given adsorbed atom will evaporate in any 
short time interval is not influenced by the time that has elapsed since its condensation upon 
the surface. If we divide the rate of evaporation v, expressed in atoms cm. sec.-, by a, 
the number of adsorbed atoms cm.~, we obtain the average probability per second for the 
evaporation of individualatoms. The reciprocal of this, 7, is thus the average life of an 
adsorbed atom on the surface. We thus have 
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One of the important characteristics of adsorption is expressed by an adsorption iso- 
therm, which relates the pressure or concentration in the volume phase to the amount of 
substance adsorbed on the surface under the conditions of equilibrium. According to the 
condensation-evaporation theory (Langmuir, J. Amer. Chem. Soc., 1918, 40, 1361), the 
general equation for the adsorption isotherm is 
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where p is the rate of arrival of the molecules on the surface, as given by equation (1), and 
a is the condensation coefficient which, naturally, cannot exceed unity. In general, v 
and « are functions of « and T, the temperature. 

These functional relationships determine the nature of the adsorption isotherm. It is, 
of course, possible that v and « depend not only on o but also on various other factors 
characteristic of the surface, or upon the forces which the surface exerts upon the adatoms. 
Thus, because of a lack of homogeneity of the surface there may be more than one way 
in which a given adatom may be held on the surface, or the adsorbed substance can exist 
on the surface in two states, for example, in the form of atoms or of molecules. We may 
postpone the consideration of such complicating factors and limit ourselves at present to 
cases in which the adsorbed film may be regarded as a “ surface phase” characterised by 
two degrees of freedom (Langmuir, J. Chem. Physics, 1933, 1, 3), such as o and T. 

The adsorption isotherm is the relation between #, «, and T which exists under equilibrium 
conditions. According to equations (1) and (6), this relation depends only on the ratio 
v/x, which in general is a function of «. Since this isotherm expresses the equilibrium 
condition, it should be derivable by statistical methods from energy and entropy con- 
siderations. 

The kinetics of the adsorption process involves a knowledge of au, the rate of condens- 
ation, and v, which are equal only under equilibrium conditions. These quantities cannot 
be determined by thermodynamic considerations but must depend upon the mechanism of 
the adsorption process. 

Let us consider in more detail the condensation process (Langmuir, Physical Rev., 1916, 
8, 149). In the classical kinetic theory of gases it is usually considered that molecules 
rebound from one another elastically, and it is therefore frequently assumed that molecules 
make similar elastic collisions with a solid surface. We must, however, recognise an 
essential difference between the two cases. The molecule approaching the solid is attracted 
and acquires an additional energy when it reaches the surface. The impact against the 
surface is delivered to several atoms which can dissipate their excess energy to still others. 
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A calculation based on the heat conductivity of solids indicates that even within the 
duration of a collision (ca. 10-1* sec.) a large fraction of the heat may be carried away. In 
general, therefore, we should expect the condensation coefficient « to approximate to unity ; 
that is, all molecules that strike the surface condense upon it. Only when the rate of 
evaporation of these molecules from the surface is so high that the average life + is less 
than about 10-1* sec. should there be any failure of the adsorbed molecules to reach thermal 
equilibrium before leaving the surface. This case, which corresponds to an accommodation 
coefficient materially less than unity, has been observed when molecules of permanent 
gases, particularly hydrogen and helium, strike a surface having a temperature different 
from that of the gas. These cases of low accommodation coefficient occur under just those 
conditions where we may assume that the life + of the adsorbed molecule is of the same 
order of magnitude as the duration of the collision. When 7 has much larger values, 
experiments show that the condensation coefficient « is close to unity. 

If the gas pressure is raised or the temperature of the surface is lowered, o must ultimately 
increase to a point where there is no longer room for additional molecules in the first layer 
in contact with the solid; a further increase in « would require the formation of a second 
layer. 

Because of the short range of the forces that act on the adatoms, the life 7, of an atom 
in the second layer is usually very different from the life +, of a similar atom in the first 
layer, since the atom in the two cases in question is in contact with atoms of an entirely 
different character. There are two cases to be considered according as 7, is greater or less 
than 7, (Langmuir, J]. Amer. Chém. Soc., 1932, 54, 2810). 

Case I. The second layer is held by stronger forces than the first, t,>>7,. An example 
of this kind has been found experimentally (tdem, Proc. Nat. Acad. Sci., 1917, 3, 141) in 
the condensation of mercury or cadmium atoms allowed to strike a cooled glass surface. 
These atoms have a much greater affinity for one another than they have for glass. The 
cadmium atoms in the second layer, being in contact with underlying cadmium atoms, 
evaporate much more slowly than single atoms in the first layer. 

In these experiments.cadmium was introduced into a well-exhausted spherical glass 
bulb. By immersing one half of the bulb in cold water and applying a flame to the other 
half, all the cadmium was driven to the lower hemisphere. This cadmium-covered hemi- 
sphere was then lowered into an oil bath at 170° c. A portion of the uncovered hemisphere 
was cooled to — 40° c., and another region was cooled by a wad of cotton dipped in liquid 
nitrogen (— 196° c.). A visible deposit of cadmium formed within 30 seconds on the sur- 
face cooled to — 196°, and this continued to grow in thickness, forming a mirror, even 
after the spot was allowed to warm to room temperature, but on the surface cooled to 
— 40° and on the uncooled parts no deposit appeared within 10 minutes. 

The vapour pressure of solid cadmium (International Critical Tables) is given by 


logi9 P = 11-689 — 5693/T (pin baryes) . . . . . . (7) 


At 170° c. the vapour pressure of cadmium is thus p = 0-0069 barye. By equation (2) we 
can calculate the rate v at which the atoms evaporate from this surface. Since only one 
hemisphere supplies the vapour, the rate p at which the atoms arrive on the opposite 
hemisphere is only half as great. We thus find p = 4-1 x 101° atoms cm.~ sec.-1. A 
monolayer of cadmium atoms contains about 1015 atoms em.~*. Therefore it takes 0-25 
sec. at this temperature to form a monolayer when the incident atoms condense and remain 
on the surface. Under these conditions the cadmium deposit formed in 30 secs. on a spot 
cooled by liquid nitrogen contains 125 atomic layers (6 = 125). 

The fact that no visible film appears on the surface at — 40° c. indicates that the life 7, 
of the cadmium atoms on the bare glass surface even at this low temperature is very small 
compared to the life (r, = 0-12 sec.) of the atoms on a cadmium surface at 170° c.. Fora 
cadmium surface at — 40° c., 7, = 3 x 10%°secs. Thus the rate of evaporation of cadmium 
atoms from a glass surface at — 40° c. exceeds that of the evaporation of atoms from a 
cadmium surface at the same temperature by a factor much greater than 1011. 

If the forces of interaction between atoms are of such short range that they act only 
when the atoms are in contact, a film of cadmium on glass having a surface concentration 
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considerably less than that of a monolayer may suffice to prevent the evaporation of atoms 
incident on a surface at room temperature. Experiments were therefore undertaken to 
determine how large the covering fraction 0 needs to be in order that the invisible or latent 
deposit formed at very low temperatures should be capable of being developed at room 
temperature by a supply of vapour from cadmium at 170° c. 

Latent deposits corresponding to @ = 0-016, formed in one minute from cadmium at 
60° c., were developable into visible spots in about 30 secs. The rate of development 
increased appreciably as @ was raised to 0-12 (from cadmium at 78° c.), but still heavier 
latent deposits gave no further increase in the rate of development. 

When 6 was reduced to 0-008 (one minute at 54° c.) the latent deposit was developable 
within one minute from vapour at 170° c., if the temperature of the deposit was allowed to 
rise only to — 40° c. after being formed at the temperature of liquid nitrogen. However, 
if this latent deposit, before development, was allowed to warm to room temperature the 
development occurred extremely slowly. The same slow development was obtained when 
the latent deposit, after having been warmed to room temperature, was cooled to — 40° c. 
It appears, therefore, that the latent deposit with this low value of 6 evaporates when the 
temperature is raised from — 40° to + 20° c., although with higher @ it does not evaporate 
in this range. Evidently, as 6 increases, clusters of 2,3, or more atoms begin to form, and 
these are more stable than single atoms. 

If the cadmium-covered hemisphere is heated to 220° c., a deposit forms within 15 secs. 
over the whole of the uncovered hemisphere (at 20° c.) even when no latent deposits have 
previously been formed. This deposit, however, is very different from that built up on a 
latent deposit. Instead of being a silver-like mirror, it has a fog-like appearance, and 
microscopic examination shows that it consists of myriads of small well-separated crystals. 
Even if the deposition is continued for a considerable time, the crystals remain separate 
although they continue to grow in size. 

The formation of fog-like deposits under these conditions is readily explainable by the 
condensation-evaporation theory when 7,>>7,. Thus, if vapour from cadmium at 170° c. 
strikes glass at 20° c., the life +, of single atoms on glass is so short that almost every atom 
evaporates before it comes into contact with another atom and therefore no deposit appears. 
When, however, the vapour source is heated to 220° c., which raises v 19-fold, it often hap- 
pens that an atom condenses on the surface in a position adjacent to an atom which has not 
yet evaporated. In this way, clusters of atoms are formed which are far more stable than 
single atoms and serve as nuclei for the growth of crystals. 

The phenomena involved in the formation of the latent deposits, the mirror-like and 
the fog-like deposits of cadmium, although typical of many cases of condensation on solid 
surfaces, are evidently not those characteristic of adsorption. One striking difference is 
that the cadmium deposits are formed only when the vapour is strongly supersaturated, 
while adsorbed films are produced from vapours or gases at pressures far below saturation. 

Case II. The first layer is held more strongly than the second, t,<<t,. In this case, as 
the gas pressure rises, the number of adsorbed atoms in the first layer increases until the 
surface becomes nearly completely covered with a monolayer, but yet, since the life of the 
atoms in the second layer is so small, no appreciable number of adatoms is present in a 
second layer. When, however, the pressure is raised until the vapour becomes nearly 
saturated, the number of atoms in the second layer increases rapidly, so that bulk con- 
densation, involving the formation of many layers, begins as saturation is reached. A 
theory of the formation of these polyatomic layers with nearly saturated vapours was 
proposed in 1918 (Langmuir, J. Amer. Chem. Soc., 40, 1374), and in 1933 was further de- 
veloped and applied to experimental data on the condensation of cesium vapour on tungsten 
(Taylor and Langmuir, Physical Rev., 44, 453). 

The pressure required for the formation of a nearly complete monolayer may be far 
less than that which gives multilayers (saturated vapour). The ratio of these two pressures 
is of the order of 7,/7,. In the case of cesium vapour adsorbed on tungsten (Joc. cit.), the 
life 7, of isolated adatoms is given by 


logy 7, = — 12373 +4+14061/T . . . . . . (8) 
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when 7, is expressed in seconds. The life ry of cesium atoms which lie in the surface of 
solid metallic cesium is (idem, ibid., 1937, 51, 753) 


logit = —13-201+3979/T . .... . (9) 


The latent heat of evaporation of adsorbed cesium atoms on tungsten is thus 3-5 times 
(i.e., 14061/3979) as great as that of metallic caesium—an indication of the strong forces 
that hold the adatoms. At 20° c., equation (8) gives 7, = 4 x 10** seconds, while equation 
(9) gives ry = 2-4 seconds (vapour pressure 0-0011 barye). A life of 2-4 seconds for the 
adatoms on tungsten occurs, by equation (8), at 830°c. An analysis of the experimental 
data (idem, loc. cit., 1933, p. 455) has shown that the life 7, of cesium atoms in a second 
layer on tungsten is about 4 of ry. Undoubtedly for the third and subsequent layers + 
does not differ appreciably from ry. Since therefore 75/7, = 6, while 7,/7, = 10%, we 
see that a complete monolayer of cesium gives to a tungsten surface properties that are 
remarkably close to those of metallic caesium. 

The fact that adsorbed films are normally monolayers thus results from the common 
occurrence of large values for the ratio 7,/7,. There is usually a wide range of pressures 
over which typical adsorbed films are nearly complete monolayers. Only when the 
properties of the adsorbed substance and the substrate are nearly identical (r, and 7, 
nearly equal), or when 7, > 7, (Case I), does this tendency to form monolayers disappear. 

Hyperbolic Adsorption Isotherm.—A simple form of isotherm, which has been extensively 
applied by many investigators to the analysis of experimental data, is represented by the 
hyperbolic equation 

puree ee io ee oi eae 


Here, g is the amount of gas adsorbed when the surface is in equilibrium with the gas at a 
pressure ~, while a and b are constants for any given temperature. This equation was 
derived (Langmuir, J]. Amer. Chem. Soc., 1918, 40, 1361) from equation (6) by placing 
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where v, and a» are constants, and @ represents the fraction of the surface covered by 
adatoms. These substitutions give 


8 = agu/(v, + au) ela tieh erat ww arta GR 


which is of the same form as the hyperbolic equation (10). 

Equations (11) and (12) were based upon particular mechanisms of evaporation and 
condensation. It was assumed that all the adatoms are located in definite positions, or 
“elementary spaces,’ whose number and arrangement are determined by the structure 
of the substrate. In accordance with a convenient nomenclature recently introduced by 
Bragg and Williams (Proc. Roy. Soc., 1934, A, 145, 699) in treating an analogous problem, 
we shall use the term “‘site”’ for a region in which the adsorbed particle is held on the 
surface in such a way that it has a minimum of potential energy. Let o, be the number of 
such sites per unit area. The covering fraction @ is thus defined by 


6 = a/o, oo yea! eet ae 


The assumption underlying equation (11) is that the life of an atom in a site is not 
affected by the presence of atoms in other sites. 

Equation (I2) was based on the assumption that the atoms from the gas phase which 
strike a bare part of the surface condense and have a life 7,, while the incident atoms 
that strike parts of the surface already covered, although they may condense on the surface, 
re-evaporate so quickly that they make no appreciable contribution to «. The fraction 
of the surface bare is (1 — 6). It was thus crudely assumed that the fraction of atoms 
that condense on the bare surface is proportional to (1 — 6). 

It has recently been pointed out (Langmuir, Chem. Reviews, 1933, 18, 147, see p. 171) 
that the physical assumptions underlying this factor (1 — 6) are very improbable. The 
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experiments on the adsorption of cesium vapour by tungsten (Taylor and Langmuir, 
Physical Rev., 1933, 44, 423) have proved that all the cesium atoms which strike the surface, 
even at high temperature, condense, although the surface may be as much as 98% covered 
with adatoms. This must mean that the atoms incident on the surface move to vacant 
sites because of surface mobility. 

Even if there were no mobility at all we cannot justify the factor (1 — 6) in equation 
(12) if the sites are closely adjacent to one another. In this case it is more reasonable to 
assume that (1 — 6) should be replaced by (1 — 64). 

Some of the fundamental postulates made in the derivation of equation (13) do not 
involve the particular mechanism that was assumed : 

1. The adsorption sites are all identical. : 

2. At any given time only a negligible fraction of the sites contain more than one 
adatom each. 

3. The potential energy of an adatom in a site is independent of the presence of adatoms 
in other sites; in other words, the adatoms in separate sites exert no forces on one 
another. 

I will show later that from these postulates we can derive the hyperbolic adsorption 
isotherm by purely statistical methods. Any mechanism which is compatible with these 
postulates and with the reversibility principle must give the samie isotherm, although each 
separate mechanism may give a different equation for the kinetics of the adsorption 

rocess. 
r For example, let us consider that all atoms that strike the surface are able, because of 
their mobility, to move into vacant sites before they evaporate. Then equation (12) is 
to be replaced by 


ee es Ne se 


If, now, the adsorption is to occur in sites in accord with our three postulates, the isotherm 
must be of the hyperbolic form of equation (13). Therefore in this case we find by equations 
(6) and (15) that the evaporation v, instead of increasing in proportion to 6 by equation 


(11), is given by 
v = A6/(1 — 6) elim pivle ivuee jer al 


From this, by equations (5) and (14), we conclude that the life 7 of an atom on the surface 
is no longer independent of the presence of other atoms, for it is given by 


Pam ee a ee ee ce 6 


A careful analysis shows that this shortening of the life + as 6 approaches unity results 
from strong repulsive forces between pairs of atoms which occasionally occupy single sites. 

Cesium Films on Tungsten.—The ionising potential of cesium is 3-9 volts, which is 
lower than that of any- other chemical element, cesium being the most electropositive 
substance. The heat of evaporation of electrons from tungsten corresponds to 4-6 volts; 
thus the energy necessary to detach an electron from a cesium atom is 0-7 electron volt 
less than that required to extract an electron from metallic tungsten. Experiments have 
shown that each cesium atom which strikes a tungsten filament at high temperature loses 
its electron and escapes as a caesium ion if the filament is surrounded by the proper electric 
field. The electric current which flows from the tungsten thus gives a quantitative measure 
of the number of cesium atoms that strike the filament, and therefore by equation (1) it 
gives an accurate determination of the vapour pressure of the cesium (Taylor and Lang- 
muir, Physical Rev., 1937, 51, 753). If the current were measured by an electrometer 
sensitive to currents of 10-17 amp., it should be possible to detect a cesium vapour pressure 
as low as 10-* barye, which corresponds to a concentration of only 0-02 cesium atom per 

I believe there is no case better adapted to a complete study of the mechanism of 
adsorption phenomena than that of the adsorption of cesium on tungsten. Not only can 
the number of casium atoms on the surface of the filament at any given time be measured 
accurately, but in the same apparatus the contact potential, the rate of evaporation v, 
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of cesium atoms, the rate of evaporation v, of caesium ions, and the rate of evaporation 
of electrons v, can be simultaneously measured as a function of the filament temperature 
and oc. From these data it becomes possible to calculate the forces acting between the 
adatoms, to measure the heats of evaporation, and to check these data against thermo- 
dynamic equations. 

The escape of cesium ions from the heated tungsten surface is an evaporation 
phenomenon, and thus below about 1000° k. the atoms that strike the surface accumulate. 
As the surface concentration o builds up, the rate of atom evaporation increases, but if 
the filament is at room temperature, there is no appreciable evaporation until the surface 
becomes covered by a complete monatomic film of czsium. 

When the covering fraction 6 is less than 0-08, a sudden heating of the filament to high 
temperature causes all the adsorbed cesium atoms to evaporate as ions. If the filament 
is surrounded by a negatively charged cylinder, this sudden burst of ions produces a 
momentary current which can be measured by a ballistic galvanometer or electrometer. 
With a good electrometer it should be possible, by allowing the cesium atoms to accumulate 
on the filament for 24 hours, to detect the presence of cesium vapour even with pressures 
as low as 10-*6 atm., which is the pressure corresponding to a concentration of one atom 
of cesium in every five cubic metres of space. 

A second method of measuring oc, applicable to all values of 6, involves the sudden 
evaporation of the cesium as atoms, in the presence of a retarding field which prevents the 
escape of ions. This burst of atoms falls on a parallel neighbouring tungsten filament 
heated above 1300° from which these atoms escape as ions. The ballistic kick of current 
from this second filament thus measures o on the first filament. 

The conversion of czsium atoms into ions by a heated tungsten filament depends upon 
the ionising potential of cesium being less than the heat of evaporation of electrons from 
tungsten. Potassium and rubidium, which have ionising potentials less than 4-6 volts, 
therefore also form positive ions when their atoms strike a hot tungsten surface, but sodium, 
with an ionising potential of 5-1 volts, gives no appreciable positive current. 

By using a thoriated tungsten filament, the heat of evaporation of electrons can be 
lowered from 4-6 to 3-1 volts, lower than the ionising potential of cesium. Thus, cesium 
atoms do not readily form ions on a tungsten surface completely covered with thorium 
atoms. On the other hand, by forming on the tungsten surface a film of adsorbed oxygen, 
the electron emission from the tungsten is greatly reduced and the heat of evaporation 
rises to 5-6 volts. A filament with such a film is capable of yielding positive ions even with 
atoms of sodium or lithium (Taylor, Z. Physik, 1928, 52, 846; Physical Rev., 1930, 35, 375). 

At a given filament temperature, such as 1000° K., and at low 6, the ion evaporation 
rate v, (observable only with accelerating fields) is several thousand times greater than the 
atom evaporation rate vy. At 6 = 0-01, v, reaches a maximum; and at higher values 
of 6 it decreases rapidly, becoming less than vy, at 6 = 0-08. A minimum value of vy, is 
reached at 6 = 0-5, the value of v, then being only 10-* as great as the maximum at 
6 = 0-01. 

With cesium vapour saturated at 20° c. (10-* barye) the electron emission v, increases 
to a maximum of 10-> amp. cm. when the filament temperature is raised to 700° K. 
Under these conditions, which give 6 = 0-55, the emission is 10*5 times greater than from 
pure tungsten at the same temperature in absence of cesium. At still higher filament 
temperatures the emission rapidly decreases because of loss of cesium from the surface. 

If the filament temperature is kept constant and 6 is increased by raising the czsium 
vapour pressure, the emission rises to a maximum at 6 = 0-67. We have seen that with 
thorium and barium films on tungsten a similar maximum of emission occurs at about the 
same value of 6. 

From measurements of v,, the contact potential V can be calculated by the Boltzmann 
equation 

vive szexp(Vej/kAT) . . . 2. «© «© s « (18) 


where vy is the electron emission from pure tungsten at the same temperature. The contact 
potential is measured with respect to a pure tungsten surface. The points marked by 
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circles in Fig. 2 (curve II) give the values of V calculated from v, in this way. Curve III 


gives corresponding data for the contact potentials observed with a film of thorium on 
tungsten. 
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Each cesium adatom constitutes a dipole of moment M. The contact potential of the 
surface can be calculated by the equation 


A” ea ee 


Table II gives for films of cesium and thorium on tungsten the dipole moment M, 
calculated from the contact potential by equation (19). The decrease in M as 0 increases 
results from the partial depolarisation of each dipole by the intense electric field produced 
by neighbouring dipoles. These fields are of the order of 5 x 107 and 8 x 10? volts 
cm." for thorium and cesium respectively at 6 = 0-7. 


TABLE II. 
Dipole moments and lives of adsorbed casium and thorium atoms on tungsten. 
M x 1018; M x 1018; 7, SECS. ; M x 1018; M x 1038; 7, SECS. ; 
6. CsonW. ThonW. Cson W at 30°c. 6. CsonW. ThonW. Cs on W at 30° c. 
0-0 16-2 3-9 4 x10% 0-9 4:5 _ 1012 
0-1 13-0 3-3 1-4 x 10% 0-95 4-0 — 107 
0-5 8-2 1-9 3 x1071 10 - 36 _— 0-4 
0-7 6-3 1-5 2 x10!’ 2-0 oo — 2-4 


We saw that the repulsive forces between thorium adatoms on tungsten cause a shorten- 
ing of the life 7 in the ratio 73 : 1 as 0 increased from 0-07 to 0-7. In the case of cesium 
films on tungsten the decrease in 7 with increase in 0, as shown in the last column of the table, 





: 
i 


La 
fF 








4 
* 
‘ 
4 





528 Langmuir: Monolayers on Solids. 


is much more marked. The most rapid change in log 7 occurs as 6 approaches unity. 
This is clearly the effect produced by the crowding of the atoms in the monolayer as 
saturation is approached. 

The forces between the cesium adatoms are of two kinds. First, there is the long- 
range repulsive force f between any two dipoles, as given by 


f=(S/)Q)MYt* «ww ww tee (0) 


where 7 is the distance between the adatoms. Secondly, there is the short-range force that 
prevents two adatoms from occupying the same site at the same time. It has been possible 
to develop a quantitative theory by which the variation in v, as a function of @ can be cal- 
culated from the dipole moment M obtained by measurements of the electron emission. 
We shall outline this theory. 

Adsorbed Films as Two-dimensional Gases.—An adatom on the surface of a crystalline 
solid has a potential energy which depends on the position of the atom with respect to the 
lattice of the underlying solid. By considering these forces and the forces f between pairs 
of adatoms, we can derive a two-dimensional equation of state (Langmuir, ]. Amer. Chem. 
Soc., 1932, 54, 2817), 

F = chkT + (1/4)oX(rf) « . « « «© ee (21) 


where the summation extends over all adatoms which act upon any one of them, and F 
is the spreading force, in dynes/cm., with which the adatoms tend to distribute themselves 
over the surface because of their Brownian movement and mobility. Under equilibrium 
conditions, neither the mobility nor the forces between the adatoms and the substrate 
influence F. 

When there are no forces of interaction between the adatoms, the adsorbed film behaves 
as an ideal two-dimensional gas, the equation of state being 


A a ee a 
This equation is analogous to the ordinary ideal-gas law for three-dimensional gases, viz., 
SeweGe 3+ wees ee. 


The forces of interaction between adatoms may be of many types. In the development 
of the kinetic theory of gases, particular laws of force were postulated for special cases 
and corresponding equations of state were derived theoretically. Similarly, we may make 
various assumptions regarding the interactions of adatoms and obtain, by equation (21), 
many types of equation of state for adsorbed films. 

From any such equation of state, which expresses F as a function of « and T, a corres- 
ponding adsorption isotherm, giving ~ as a function of « and 7, can be derived by means 
of the thermodynamical equation of Gibbs 


QFaingeaT ....... . He 


It was found by J. Traube in 1891 that in very dilute aqueous solutions, surface-active 
substances depress the surface tension in proportion to their concentration. This lowering 
of the surface tension y can be looked upon as being due to the spreading force F exerted 
by the molecules in the adsorbed film, so that 


Fuy—-Y «© © © © © 6 oe 6 «| () 


where ‘yp is the surface tension of the pure solvent. Thus Traube’s observation means that 
in very dilute solutions, F increases in proportion to ~. By substituting # = const. x 
F in equation (24), it was shown (Langmuir, J. Amer. Chem. Soc., 1917, 39, 1888) that the 
ideal two-dimensional gas law, (22), applies to dilute films. The equation was originally 
given in the form 
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where a, the area of the surface divided by the number of adsorbed molecules, is equal to 
1/c. 
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To take into account the short-range forces that prevent any two adsorbed molecules 
from occupying the same space at the same time, Volmer and I independently proposed 
the equation 

Pea—a@o we. 2.6... eee et ae BH 


where a, is constant. The factor (@ — a,) corresponds to the analogous factor (v — 6) 
in the van der Waals equation of state for gases. In the derivation of the latter equation, 
by assuming that d is small compared to 1, it is found that b is four times the actual volume 
of the molecules in the gas, these molecules being regarded as hard elastic spheres. By 
similar reasoning, which is valid only for low surface concentrations, Volmer (Z. phystkal. 
Chem., 1925, 115, 253) showed that a, in equation (27) should be twice the actual projected 
area of the adsorbed molecules. The application for which I proposed equation (27), 
however (Colloid Symposium Monograph, 1925, 3, 72), was one which involved high surface 
concentrations and the quantity a, was thus interpreted as the limiting value of a as F 
was made to increase indefinitely. On this basis, a) is the reciprocal of o, as given in 
equation (14), and therefore the equation of state (27) can be written 


Fao,kTO(l—0) . . . . . . . « (28) 


Although this equation serves as a useful rough approximation to cover the range in 
§ from zero to 1, it cannot be regarded as having a sound theoretical basis. To compare 
the many equations of state that can be derived on the basis of different postulates regarding 
the forces of interaction it will be convenient to express any equation of state in the form 


F = o,kT0/Y¥(0)  . . «ewe es (20) 


where Y(6) is a function of 6 which must approach unity at low values of 6 and approach 
zero when @ becomes nearly unity. If we put Y(6#) = 1 — 0, we evidently obtain (28). 

Tonks (Physical Rev., 1936, 50, 955) has made a study of the complete equation of state 
for one-, two-, and three-dimensional gases of hard, elastic spheres. For low values of 6 
he obtains a result which is equivalent to the following 


Y(6) = 1 — 1-8146 + 0-726. . . es « «so Oe 
The limiting expression for values of 6 approaching unity is 
Y(6) = 1 — 61 — (1/2)(1 — 6) + (1/8)(1 — 6)? ... .~«. «. oe 


At high values of 6, Tonks shows that the adatoms are forced into approximately 
hexagonal, close-packed arrangements, the centre of each atom being able to move only 
within a small hexagonal region. 

The rather complicated empirical interpolation formula for the whole range of @ which 
Tonks gives can be much more simply represented (within about 1%) by the equation 


. Y(0) = (1-— 6)/(1 +0) . .. . . . . (82) 
Fig. 3 gives Y(@) for several typical equations of state. Curve I, a straight line, Y(@) = 
1 — 6, corresponds to equation (28). Curve II, the hyperbola of equation (32), gives 
the following equation of state : 
F =o,kT0(1+6)/(l1—6) . . . . «. « « (88) 


By means of (24) we can obtain from each of these equations of state the corresponding 
adsorption isotherm. Thus from (28) (curve I), we get 


7 In (p/0) = 6/(1 — 6) —In(1—6)+ const. . . . . (34) 
while from (33) (curve II), we find 
In (p/6) = 20/(1 — 0) —2In(1—6)+ const. . . . . (35) 


Just as we have used a function Y(6) to compare various equations of state by equation 
(29), we can now use another function Z(6) to characterise the adsorption isotherms which 
may be put in the form 

$n BOD. 6 0s coe we oe oo, SD 
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Here B is a constant which depends on temperature, and Z(6), like Y(6), is a function 
which approaches unity at low values of 6 and approaches 0 when 6 becomes nearly unity. 
Curves I and II in Fig. 4 represent the Z(@) function for the isotherms of equations (34) and 
(35). 
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A comparison of equations of state of typical adsorbed films. F = o,kT@/Y¥(6). 


The straight line (curve III in Fig. 4) gives the function Z(6) = 1 — 0, which corresponds 
to the hyperbolic isotherm of equation (10). By eliminating p between (10) and (24), 
we find that the equation of state that corresponds to this hyperbolic isotherm is 


Fo=—o,kTin(lI—@® ...... . (7 
from which we find, by (29), 
¥(0=) = —Ofn(l1—@) . ... 2 « « »; (38) 


Curve III in Fig. 3 is a graph of this function. 

The marked difference in the equations of state represented by (33) and (37) (curves 
II and III) results from the different types of force of interaction assumed in the derivation 
of these equations. Thus Curve II, equation (33), is based upon intense forces of repulsion 
between adatoms that act only when the centres of the atoms are a definite distance d 
apart, d being the diameter of the atom. On the other hand, Curve III, in Fig. 3, equation 
(37), involves only forces of interaction that prevent any two atoms from occupying the 
same site at the same time—forces that depend on the underlying lattice. 

Adsorption Isotherms and Equations of State for Atoms having Diameters greater than the 
Shortest Distances between Sites.—In the derivation of the hyperbolic isotherm, equation 
(10), it was assumed that each adsorption site can contain one, but never more than one, 
adatom. It is evident that if the diameter d of the adatoms is greater than the shortest 
distance d, between sites, then the presence of each adatom prevents other atoms from 
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occupying certain neighbouring sites. Under these conditions, therefore, the hyperbolic 
isotherm cannot apply. 

In Fig. 5 the small black dots represent sites which form a square lattice. The adatoms, 
shown as large circles, have diameters greater than the lattice constant of the sites, the 
ratio d/d, being 1-25. Let us draw a circle of radius d about the centre of any adatom, 
taking as an example the atom whose co-ordinates (x, y) are (7,12). The five sites that lie 
within this circle cannot be occupied by other atoms; they form a pattern which we shall 
call the exclusion pattern. Let E be the number of sites in the exclusion pattern of an 


adatom ; in the example of Fig.5,E = 5. If the diameter of the atom were slightly greater 
than 1-41d, we would have E = 9. 
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A comparison of adsorption isotherms of typical adsorbed films. p = B06/Z(8). 


Let «, be the otal number of sites per unit area and og be the number of sites per unit 
area that lie within exclusion patterns of adatoms. If oy is the number of free sites per unit 
area, then evidently 


Of = 6, — Og di? @ ive; rey wel 


The small circles in Fig. 5 denote free sites; 1.e., places into which atoms can go. 

The adatoms of Fig. 5 can be divided into two groups, as shown by the two types of 
hatching of the large circles, according as the sum, x + y, of the co-ordinates of each of 
the atoms is an odd or an even integer. The broken lines mark the boundaries between 
odd and even surface phases. For example, the adatom at (5, 14) belongs to the odd phase 
because 5 + 14 = 19 is an odd integer. 

In order to get the densest possible packing of adatoms within a given area, it is neces- 
sary that all the atoms in that area should belong to the same surface phase. With this 
closest packing, the number of adatoms per unit area ¢, is half «,, the surface concentration 
of sites. Let us define a quantity y by 


y=Gfo, 2 6 6 oe ee wo te O) 
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In the particular case illustrated in Fig. 5 we have y=2. If the adatoms have 
diameters less than d, every site can be occupied, and therefore E = 1 andy=1. With 
adatoms of larger diameter y increases. Thus if d is slightly greater than +/2 d,, E = 9 
and y = 4. 

Let us make the problem of the adsorption isotherm definite by assuming that the 
presence of an adatom in a given site has no effect on the adsorption in sites that lie outside 
of its exclusion pattern. To calculate the adsorption isotherm we shall adopt a generalis- 
ation of a rigorous statistical method used by Hiickel (‘‘ Adsorption und Kapillar-Kon- 
densation,” Akad. Verlagsgesellschaft, Leipzig, 1928, p. 157) in his derivation of the hyper- 
bolic isotherm, equation (10). 
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Typical arrangements of adatoms on a = lattice for the case y = 2, E = 5, d, = 1-0, 
d = 1-25, e = 0-69. 


Consider a gas of pressure # in equilibrium with an adsorbed film of gas on the surface of 
acrystal. Select a particular atom of gas and follow its history as it moves back and forth 
between the gas and the surface phases. Since this atom, when it condenses on the surface, 
can go only into free sites, the total probability that it is on the surface at any given time is 
proportional to o,. There is an equal probability that any other atom in the system will 
be found on the surface, and since the number of such atoms is proportional to the pressure, 
the adsorption isotherm can be written 


om Ape, cio. « © ee eee, @) 


where A is an undetermined constant which depends on temperature. 

For the special case of adatoms having diameters less than d,, we have E = 1, og = ¢, 
o, = 6,, and therefore by equations (40), (39), and (14), y = 1 and of = a,(1 — 6). By 
substituting these values in (41) we can derive the hyperbolic isotherm of equation (10). 
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For the general case, where -y may have values greater than unity, the isotherm,* for 
low values of 6, is expressible as a series 


@= Ayp(1l— K,0+K,2+K,0+...) . . . . (42) 


The coefficient K, can be calculated by considering that at low values of 6, where the higher- 
order terms are negligible, the exclusion patterns of separate atoms do not overlap, and 
therefore sg = cE. Introducing this into equation (39), and eliminating o, by (40), we 
obtain a value of of which by (41) gives 8 = Ap(y — E60). A comparison with (42) shows 
that 


in ea ee 


The calculation of K, requires consideration of the overlapping of the exclusion patterns 
between pairs of adatoms. For the case illustrated in Fig. 5 with y = 2, (42) becomes f 


0 = 2Ap(1 — 2-50 + 1-567 +4+ 0-7507 4+...) . . . . (44) 


The corresponding equation of state can be calculated by equation (24). It can be 
expressed in the. form of equation (29) by placing 


Y(6) = 1 — 1-250 + 0-480 + 0-220... . . . . (45) 


Curve IV of Fig. 3, in the range 6<0-4, is a plot of this function, while Curve IV of Fig. 4, 
in the same range, is a plot of Z(8) obtained by comparing equations (36) and (44). 

The peculiar conditions that arise, in the case y = 2, when 6 becomes large are illustrated 
in Fig. 5. This diagram of a typical arrangement of adatoms was constructed by placing 
adatoms one after the other in free sites selected at random by drawing numbered cards 
from a shuffled pack. 

If such a surface array of adatoms is in equilibrium with a gas, we see by equation (41) 
that, as the pressure # is increased indefinitely, the number of free sites, o;, must approach 
zero; but it is not evident that « must approach its maximum value o,, which corresponds 
to@=1. In Fig. 5 six free sites are shown, but only five of these can be filled by adatoms, 
since the two adjacent sites (4, 5) and (4, 6) cannot both be filled. A large increase in 
pressure would cause most of these free sites to: be filled, but even if all should be filled, 
only 83 out of the 225 sites would be occupied, giving a limiting value of 6 = 0-74. 

The two rows of excluded sites along each boundary between the odd and even phases 
are responsible for the failure of 8 to become unity when the free sites are made to dis- 
appear. Thus the deficiency of adatoms caused by the boundaries, which we shall denote 
by 6, and which is measured by 1 — 6, varies in proportion to the total length of the phase 
boundaries per unit of surface. As a unit for measuring both the lengths of the boundaries 


* The theory of adsorption on crystal lattices which is outlined in these pages was developed early 
in 1936 but has not yet been published in detail. However, a paper presenting the results was read 
before the American Physical Society (Physical Rev., 1936, 50, 393), and the generalised adsorption 
isotherm with a curve for the case y = 2 were incorporated in Tonks’s paper of 1936 (loc. cit.). Roberts 
(Proc. Roy. Soc., 1935, A, 152, 472) and Morrison and Roberts (ibid., 1939, A, 178, 1, 13) have con- 
sidered the irreversible adsorption of oxygen molecules to give pairs of adjacent adatoms (E = 2). 
Chang and Fowler (Proc. Camb. Phil. Soc., 1938, 34, 224) have dealt with the effects of attractive and 
repulsive forces between adjacent adatoms and have shown that in the latter case a surface superlattice 
may result. 

(Note added, March 15th, 1940) Roberts has summarised theoretical developments in this field in a 
booklet, ‘‘ Some Problems in Adsorption,” Cambridge University Press, 1939. A more detailed analysis 
of the condensation of atoms to form an immobile adsorbed film for the case y = 2, E = 5 has recently 
been published by Roberts (Proc. Cambridge Phil. Soc., 1940, 36, 58). The adsorption isotherm obtained 
by Roberts and others for this case is essentially different from that given in the present paper. The 
derivations of the adsorption isotherms for the cases y = 2, E = 5 andy = 4, E = 9arecontained ina paper 
by Tonks, which was recently submitted to the Journal of Chemical Physics. He shows that Roberts’ 
application of Bethe’s statistical method to this problem is incorrect. 

t The coefficient of the last term was calculated by Tonks. 
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and the unit of area, let us choose the distance between adjacent adatoms within a single 


phase : = 
=V2xd=I1/¥o, . . ... . « (46) 


The total length of boundaries per unit area expressed in this way in terms of a, and 
(a,)? is a dimensionless quantity which we shall represent by L. The actual length of the 
boundaries (in cm.) per unit of surface (in sq. cm.) is thus L/a,. At high pressures which 
make the number of free sites negligible we then have 


Red=<@008° 2... 


Any random one-way process of building up the adsorbed film (y = 2) thus leads to a 
pseudo-saturation in which @ approaches a limiting value 1 — 6z. Numerous experiments 
with balls of } inch diameter, randomly placed on a square lattice formed with 3-inch balls, 
have demonstrated that this limiting value of 6 is always very close to 0-73. If, however, we 
provide a mechanism of. equilibration by removing balls at random and replacing them 
among the free sites by random selection, we find that the phase boundaries slowly shift 
their positions and decrease in length, causing an increase in 6. An examination of the 
mechanism of these slow changes, as well as a consideration of the associated free-energy 
changes, shows that at very high pressures the final equilibrium state should be one in which 
only a single surface phase is present over any given finite area. 

Equation (41) is applicable, not only to this final state of true equilibrium, but also to the 
the rapidly established pseudoequilibrium that exists during the slow equilibration process. 
The number of free sites, if small compared to the number of occupied sites, is given by 
of = o,(1 — 6, — 6)/(1 — 0-46;); and therefore equation (41) gives the following ad- 
sorption isotherm for the pseudoequilibrium : 


® = Ap(1 — 6, — 6)/(1 — 0-40;) afer ec tlet 


If the equilibrium is disturbed by a sudden change in pressure, there will be a relatively 
rapid change in @ to bring about a new equilibrium given by equation (48) with the new 
value of but with the old value of 6;. 

The final equilibrium state, reached only after the slow changes in the phase boundaries 
have been completed, is given by (48) if we put 6,=0. This equation is a limiting 
expression applicable only for high values of 6. Dr. Tonks has made a careful study 
(unpublished work) of the second- and third-order effects and has obtained an expression 
for the adsorption isotherm for 6 > 0-5: 


6 = AP(l — 0)[1 — 3(1 — 6)? + 5(1— 6)9]) ww wk (49) 


The Z(6) function for this isotherm is represented in Fig. 4 by the portion of Curve IV 
that extends from 6 = 0-5 up to@=1. A double logarithmic plot of Z(6) as a function of 
1 — 6 has been published by Tonks (loc. cit., 1936), but the derivation was not given. The 
part of curve IV in Fig. 4 that corresponds to 6 < 0-5 was calculated from (44). 

Because the two series used in calculating Z(6) for curve IV do not converge rapidly for 
values of 6 between 0-3 and 0-7, this intermediate part of the curve must be regarded as 
an empirical extrapolation. However, several points in this intermediate range have been 
checked by experiments in which 4-inch steel balls, placed at random on a square lattice of 
%-inch balls, were subjected to prolonged equilibration by a random selection process. 

The equation of state that corresponds to this adsorption isotherm is represented by its 
Y(0) function in ‘curve IV of Fig. 3. These curves and equations (44)—(49) all apply to the 
case illustrated in Fig. 5, where E = 5, y = 2 andd,<d < 1-4ld,. 

With still larger adatoms of diameters from 1-42d, to 2d,, we have E = 9 and y = 4. 
Dr. Tonks has found that the limiting expressions for this case are 


6 = Ap(l — 2-250 + 1-007 + .. .) 
and ‘ 
6 = (A/2)p(1 — 0)? 
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Although the exact form of this isotherm for intermediate values of 0 would be difficult 
to calculate, it seems that a good approximation is given by an equation of the type 


Om AP(l—O)® 2. . 2. 2 eo ew © (62) 


If we put m = 2-25 we obtain an isotherm which agrees well with (50) when 6 is small, 
and with (51) when 6 is large. Curve V in Fig. 4 is a plot of function Z(6) = (1 — 6)?:*5 
which represents the isotherm of (52). 


The equation of state that corresponds to (52) is given by 
F = o,kT[(1 — n)@ — n In (1 — 8)] eo Hetty 


This reduces to (37) if m = 1, while for the case m = 2-25 it gives the function Y(0), shown by 
curve V, in Fig. 3. 

With further successive increases in adatom diameter, or progressive decrease of lattice 
constant, d,, both E and y increase by irregular steps so that K,, which depends upon 
E/y, by equation (43), shows both positive and negative increments. However, as E 
and y increase without limit, an integration process shows that K, and K, in (42) approach 
the limits K, = 3-63 and K, = 2-72. If the corresponding equation of state is calculated 
by (24), we obtain the same series expression for Y(@) that is given by (30). Thus the case 
in which y is infinite is equivalent to that of the adsorption of rigid spheres not held in fixed 
sites (mobile monolayers). Curves II in Figs. 3 and 4, which are based on equations (32) 
and (35), apply to this case and are therefore properly marked y = o. 

We have so far considered only square lattices in illustrating the effects of making the 
adatom diameter greater than d,. Similar effects occur with other types of lattice. An 
interesting example is found when adatoms are placed upon a substrate consisting of a plane 
hexagonal close-packed arrangement of atoms such as that in the 111-face of a face- 
centred cubic crystal. If each adatom makes contact with three substrate atoms, there are 
twice as many adsorption sites as there are substrate atoms. The shortest distance, d,, 
between sites is only 58% of the distance, dy, between substrate atoms. Thus, only if the 
adatom diameter d is less than 0-58d, does the hyperbolic adsorption isotherm apply. 
When the adatoms are as large as the substrate atoms, only half the sites can be filled and 
we have y = 2 and E = 4. 

Curves III and II in Figs. 3 and 4 represent the extreme types of equation of state and 
adsorption isotherm that result directly from the lattice-like arrangement of the atoms in 
the substrate. These cases that we have considered, however, involve only repulsive forces 
that prevent two adatoms from occupying the same site or sites that lie closer than a 
minimum distance d. 

If we take into account attractive forces that cause clustering of atoms, such as those 
which Mayer and his co-workers (J. Chem. Physics, 1937, 5, 67, 74; 1938, 6, 87; Band, 
ibid., 1938, 7, 324) have successfully used in deriving equations of state for gases, we should 
obtain curves for Y(@) and Z(6) that lie above the curves III in Figs. 3 and 4. With two- 
dimensional gases, however, because of the orientation of molecules or the polarisation of 
atoms by the substrate, we should expect repulsive forces to predominate and so obtain 
curves that may lie even below Curve II. 

Equation of State for Cesium Adatoms on Tungsten.—Taylor’s studies of the evaporation 
of cesium adatoms from a tungsten surface have provided data for the calculation of the 
isotherm and the equation of state for the whole range in 6 from 0to1. The measurements 
of electron emission permit the determination of the dipole moment and thus; the long- 
range repulsive forces between the adatoms. By allowing for these known forces we can 
then find the effect of the short-range forces. 

Col. 2 of Table III gives Taylor’s data for v,, the rate of evaporation of adatoms (atoms 
cm. sec,-1) at 800° K. as a function of 6. The limiting value of v,/6 as 6 approaches 0 is 
found to be 2-24 x 10°, and therefore Z(6), defined by equation (36), is equal to 2-24 x 
10° 6/v,, as given in col. 3 of Table III, and in Curve VI of Fig. 4. The effect of the strong 
repulsive forces between the cesium adatoms is here manifested by the very small values 
of Z(6); when @ > 0-6, Z(6) is less than 10-5 as great as for any of the other isotherms. 
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TABLE III. 
Data for cesium films on tungsten at 800° kK. 

1. 2 3. 4. 5. 6. 4. 8. 9 10. 
0. | Ve Z(6). F. ¥ (6). V. Mx10%% Fy. F, (6) 
0 H 0-00 1-000 000 1000 0-0 16-2 0-00 0-00 =1-000 

0-01 3-2 x 107 0-707 0-46 0-850 0-106 15-7 0-06 0-004 0-99 
0-02 9-0 x 107 0-500 1:06 0-741 0-208 15-2 0-26 0-016 0-98 
0-05 6-3 x 10° 0-178 3-6 0-539 0-48 13-9 1-6 0-103 0-95 
0-10 6-4 x 10° 0-035 10-4 0-377 «0-87 13-0 6-0 0-43 0-90 
0-2 27x10 1-7x10% 31:9 0-244 1-50 11-2 22-2 20 0-80 
0:3 6-3 x 102 1-1x10* 62-6 0-187 2-00 9-93 45-9 5-0 0-70 
0-4 1-1 x 10%4 83x10 101-4 0-154 2-42 9-01 75:3 10-5 0-599 
0-5 1-5 x 10% 73x10-7 = 148 0-132 2-74 8-15 106 23 0-467 
0-6 2-1 x 107¢ 64x10 204 0-115 2-89 7-18 129 52 0-312 
0-7 3-0 x 1017 52x10 272 0-101 2-92 6-23 142 103 0-210 
0-8 7-6 x 1018 2-4x10-9 = 367 0-085 2-87 5-34 142 194 0-139 
0-9 3-0 x 102° 6-8 10-12 587 0-060 2-72 4-50 130 422 0-077 
0-95 3-1 x 1076 6-8x10-1* 990 0-038 2-66 4:17 114 840 0-042 
1-00 i) 0 -) 0-000 2-62 3-90 120 oo 0-000 


The values of F in col. 4 have been calculated directly from v, by means of equation 
(24), and from these the values of Y(0), as defined by (29), have been obtained (col. 5 of 
Table III and curve VI of Fig. 3). We see that the effect of the repulsive forces is to cause 
a rapid decrease in Y(@), and consequent increase in F, in the range in 6 from 0—0-1, with 
a slower decrease at higher values of 6 until, at 6 = 0-87, the curve crosses Curve II. 

Col. 6 of Table III and the full-line curve of Fig. 2 contain the contact potential V 
of the cesium-covered surface against pure tungsten, as defined by equation (18). Between 
6 = 0-15 and 0-78, they are based directly upon measurements of the electron emission, 
v,, but outside this range, the curve may be looked upon as extrapolated. 

Col. 7 gives the dipole moment M calculated from V by (19). The force f acting between 
dipoles is given by (20). 

It is seen from (21) that the spreading force F can be regarded as consisting of three 
components, 

FoF, +F,+Fy . . «© «+ «© © « « (64) 


where Fy is the contribution, okT, of the Brownian movement, as given by the ideal-gas 
law of equation (22); F, is the component which involves the short-range forces that act 
during contacts between atoms or that confine the atoms to definite sites. Finally, Fy 
is the contribution that results from the long-range repulsive forces due to the dipole 
moments of the adatoms. It has previously been shown (Langmuir, J. Amer. Chem. 
Soc., 1932, 54, 2822) that 


Fy = 3-340%2M2 + 1-53 x 10Se°T¥8MB4T |... (55) 


where J is an easily determined integral whose numerical value can never exceed 0-89 
and which is less than 0-2 for 6 > 0-3. 

The value of F y calculated in this way from M and indirectly from the electron emission 
is given in col. 8, while the value of F, calculated from the known value of F, by equation 
(54), is in col. 9. 

It will be noted by comparing F, and Fy that at low values of 6 the contribution from 
the long-range force (Fy) is about 16 times that of the short-range forces. Above about 
6 = 0-75, the short-range component becomes greater than the long-range component. 
It is evident, therefore, that the experiments with cesium films are particularly suitable 
for determining Fy at low values and F, at large values of 6. 

In the previous theories of the properties of cesium films on tungsten (Taylor and 
Langmuir, 1933) it was assumed that the short-range forces together with Fy gave contribu- 
tions in accord with equation (28), corresponding to curve I in Fig. 3. These values of 
F, and F, were then subtracted from F to obtain the values of Fy, and from these, M 
and V were calculated. The broken line (curve I) in Fig. 2 gives the values of V obtained 
in this way. In the range of 0 from 0-15 to 0-5 they agreed well with the values experi- 
mentally determined from the electron emission. 
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The present lack of theoretical justification for the equation of state of curve I suggests 
that the discrepancy between curves I and II in Fig. 2 is due to incorrect values for F,, 
assumed in the previous work. 

A better procedure is to take the values of V in curve II and in col. 6 as being given 
directly by the experiments, and from these to calculate Fy and F, in cols. 8 and 9. From 
F, +, we can then obtain the corresponding value of Y(6) defined by equation (29). 
These values, denoted Y’(@) in the last column of Table III, are plotted in curve VII, 
Fig. 3. They represent the equation of state after elimination of the contribution of the 
long-range forces. They can thus be compared directly with the other curves, I—V in 
Fig. 3. 

Up to 6 = 0-45, curve VII coincides with curve I. The accuracy of this fit is of little 
significance, for it'results from having used the isotherm of equation (28) for two of the 
components of F in constructing the lower part of the heavy-line curve in Fig. 2, a procedure 
justified by the agreement with the experimental values of V. Above 6 = 0-5, curve VII 
falls consistently below curve I and approaches curve II. 

Both cesium and tungsten give body-centred cubic crystals, the lattice constant for 
cesium being close to twice that of tungsten. Thus the number of sites for cesium atoms 
on tungsten should correspond to y= 4. Curve V in Fig. 3, which applies to this case, 
lies very close to curve I up to 6 = 0-4. The agreement between curves VII and V in this 
range is compatible with the adsorption of cesium atoms in definite sites in the tungsten 
surface. 

Experiments on the mobility of cesium adatoms on tungsten have shown (Langmuir 
and Taylor, Physical Rev., 1932, 40, 463; 1933, 44, 454; Langmuir, J. Franklin Inst., 
1934, 217, 555) that at low values of 6 there is an energy barrier of 0-61 electron volt 
hindering the passage of adatoms between adjacent sites. Since the dipole moment and 
the heat of evaporation decrease greatly as 6 increases, it appears probable that the 
magnitude of the barrier also decreases. Thus the difficulties in reaching high values of 6 
with random arrangements of adatoms when y = 4 (illustrated in Fig. 5 for the case y = 2) 
should force the atoms into positions between the fixed sites. This would account for the 
fact that curve VII at high values of 6 departs from curve V and approaches curve II, 
which applies to the case where the atoms are no longer in fixed sites. 

Since F, is so much larger than Fy at high values of 6, the shape of curve VII at high 
values of 6 should not depend greatly on the particular form of theory which has been used 
incalculating Fy from V. The small difference between curves VII and II in this range may 
be due to a slight residual effect produced by the lattice-like structure of the tungsten, or 
it may depend on the particular value of «, used in these calculations. This value, 3-56 x 
1044, was based upon the spacing of tungsten atoms in a 110 face of a tungsten crystal. 
Recent work by Johnson (Physical Rev., 1938, 54, 459), however, has raised doubt as to 
whether the surface of tungsten filaments consists wholly of these faces. 

A further test of the theories that we have used in analysing the properties of caesium 
films on tungsten is provided by measurements of the rates of evaporation, v,, of positive 
ions in accelerating fields. Thermodynamic reasoning involving the Saha equation has led 
(Langmuir, J. Amer. Chem. Soc., 1932, 54, 2826) to the equation 


In (2v,) = Inv, + (e/kT)(Vy—V;—V) . . . . (66) 


where V; is the ionising potential of cesium (3-874 volts), and V y is the energy of evaporation 
of electrons from tungsten (4-622 electron volts). Thus from the data for v, and V in 
cols. 2 and 6 of Table III it is possible to calculate, for any given value of 0, the corresponding 
value of v,. The five points marked by crosses on the lower part of the curve in Fig. 2 
were determined by the converse process of substituting into equation (56) experimental 
values of v, and v, and solving the equation for V. The good agreement with the values 
found by the entirely independent method involving measurement of electron emission 
gives strong support to the theory. 

Slow Approach to Final Equilibrium at High Pressures when y = 2.—Fig. 5 illustrates 
a typical arrangement of adatoms on a square lattice for the case y = 2 when atoms have 
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with 6; = 0-26. 
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been added to the surface until a state approaching pseudosaturation has been reached, 


Fig. 6 shows, on a much smaller scale, a larger surface which has been subjected to 


prolonged equilibration, sufficient to bring 6, from its usual initial value of about 0-27 down 
to 0-20.. The pressure is assumed to be so high that no appreciable number of free sites are 








id, = 1-25, 0 = 0-80. 


Typical arrangement of adatoms on a square lattice after partial equilibration, y = 2, E = 5, 


present. The black dots in this figure denote adatoms, but the sites are not marked. 


the boundaries of these phases are subject to some restrictions. 


The even and odd phases are represented by the hatched and unhatched areas respectively. 
A well-known, but unproved, mathematical theorem states that in the construction of 


a map, with countries of any arbitrary shapes, four colours are needed to distinguish 
the separate countries so that the same colour will never appear on both sides of any boun- 


dary. It is evident, since we have only two surface phases in Fig. 6, that the shapes of 


For example, they must 
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be such that three boundaries never meet at a point. In general, therefore, the boundaries 
resemble contour lines on a map forming closed curves which often enclose others. 

Across any finite square region selected from a larger area there is usually a single boun- 
dary that runs from one side of the square to the opposite side, but this prevents any 
boundary from extending between the other pair of sides. Thus, for example, in Fig. 6 
there is a boundary that starts at the lower edge at a point x = 39 and extends to the upper 
edge atx = 51. There is, however, no boundary running from the left- to the right-hand 
edge. 

A mathematical study of two-phase systems of this kind has led me to some equations 
(not previously published) which describe the distribution and other properties of these 
boundaries. Consider a straight line drawn at random across a typical arrangement of 
two phases. Let p be the average number of intersections per unit of length which this 
line makes with the envelopes or boundaries of the phases. The changes in distribution 
of envelopes that are brought about by equilibration produce a gradual decrease in ep. 
We shall describe a film as being in the initial state if it has been built up to 6 = 0-73, 
0, = 0-27, o/c, = 0, by a one-way process consisting of placing adatoms one by one into 
free sites selected at random. 

For a film in this initial state we find that dp, the probability per unit length that the 
straight line meets an envelope whose perimeter lies between A and 4 + da, is given by 


= © ) eee) 


where H is a pure number that is approximately 7. It will be convenient to express 
e and 2 in terms of a,, the unit of length, defined by equation (46), that we previously used 
tomeasure L. The actual length of an envelope, expressed in cm., is thus 4,4. Equation 
(57) is applicable only to envelopes which are of sufficient size to contain large numbers of 
atoms; we shall see, however, that this restriction is of minor importance. 

The frequency of intersection p between the straight line and the envelopes increases in 
proportion to L, the relative total length of the boundaries. We find in fact that 
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From (57) and (58), the following distribution law for envelopes of a film in the initial 
state can be derived : 


OF ta A ORE ect ret nor en ae 


where N is the number of envelopes per unit area (in a,? units) that have perimeters greater 
than 4. 

Let us now subject the film to equilibration by successive removal of single adatoms, 
selected at random, and simultaneous return of an equal number of atoms to the surface 
by random choice of free sites. We shall assume that the pressure is so high that os<o). 
A measure of the amount of the equilibration is given by a quantity n, which may be defined 
as the ratio of the number of atoms removed from any given area A to the total number of 
atoms, oA, present on the same area, this latter number being kept constant by replacing 
as many atoms as are removed. 

The mechanism of the slow shifts in the positions of the envelopes that cause the gradual 
shortening of the perimeters can be understood by examination of Figs. 5 and 6. The 
closed broken lines that form the envelopes have a number of external and internal corners, 
but the number of external corners must always be 4 more than the number of internal 
corners. For example, the envelope containing 18 adatoms that surrounds the hatched 
area about the point having co-ordinates (20, 40) in Fig. 6 has 7 external and 3 internal 
corners; its perimeter is 4 = 24. 

The removal of an adatom from an external corner gives two free sites, one belonging to 
each of the surface phases. In all other cases, however, only one site is made free. When- 
ever an atom is removed from an external corner there is thus a 50% chance that, by the 
filling of the resulting free sites, there will be a transfer of an adatom from the internal to 
the external phase. Since each envelope has 4 more external than internal corners, there is 
a constant tendency for adatoms to escape from any envelope. 
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Let us consider a particular envelope which in its initial state had a perimeter ). 
Analysis shows that during the course of equilibration the perimeter 4 decreases in accord 
with the equation 

Pam AP a Betyg He te SD 
where e?, the ratio of 42 to the number of adatoms within a completely filled envelope, is 
approximately 36. 

From (60) we can now determine the distribution function for envelopes during 
equilibration : 

NWN = wif /4(0®° + Zen) 2 2 we CeCe CSC) 


where N is the number of envelopes per unit area which have perimeters greater than i. 
These equations enable us to calculate L, the total length of the perimeters of all the 
envelopes per unit area. From this, by equation (47), we obtain 


O, = wH/ilGe(2y)™™ 2. 2. ww lw le Ct CB) 
The total number of envelopes per unit area obtained by putting 4 = 0 in (61) is 
A ee 
and the average perimeter of the envelopes (L/No) is 


| le | 


Thus the average length of the perimeters increases with the square root of y, the amount 
of equilibration, while the total length of the envelopes decreases because of the more rapid 
decrease of their number. 

From (62) and (47), by introducing the numerical values H = 7 and « = 6, we obtain 


Ue es ae a 


an expression which applies to the slow changes in @ during equilibration when y = 2 
and the pressure is so high that the film is in a state of pseudosaturation. Thus the rate 
of approach to the final state (@ = 1), which can be measured by d6/d», varies as (1 — 6)*. 

With adatoms which occupy a still greater number of sites, 7.e., when y > 2, it is probable 
that saturation is even more difficult to attain and that the exponent of (1 — 6) in equation 
(65) should have some integral value greater than 2. 

From our definition of 1 as a measure of the degree of equilibration, this quantity must 
increase in proportion to the time ¢, but we need now to examine its dependence on pressure. 
If atoms from the gas phase pass directly into free sites during equilibration, then the 
condensation coefficient «, in accord with equation (12), should vary in proportion to og. 
Therefore » should depend upon the product poy and by equation (41) should be nearly 
independent of pressure if this is high enough to bring about pseudosaturation. 

If, as was found for the condensation of cesium on tungsten, the value of « is higher than 
that given by (12), the mechanism of equilibration must involve a low concentration of 
mobile atoms in a second adsorbed layer. It is also probable that surface mobility of the 
adatoms in the first layer contributes to the rate of equilibration. 

Thus by hopping to.an adjacent site it is possible for an adatom of one surface phase, if 
the atom is located at an external corner of the envelope of that phase, to pass into the other 
phase. For example, by Fig. 5 we see that the atom of the odd phase at (x, y) = (8, 11) 
can pass into the even phase by hopping into the adjacent site at (8, 10). Let rx be the 
average life associated with this process, 1.¢., rg is the average time that elapses before an 
adatom located at an external corner passes into the adjacent available site. Mechanisms 
of these types have been considered in some detail in connection with cesium films on 
tungsten (Taylor and Langmuir, Physical Rev., 1933, 44, 423; see particularly pp. 455— 
458). Using the concepts and nomenclature there introduced, we obtain 


9 = (2t/t9)(te/t> + To/7x) - - + + + + + (66) 


where 7 is the life of an isolated adatom in the first layer before the atom evaporates, 7, 
is the corresponding life for an isolated atom in the second layer, and rp is the average 
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time that elapses before an atom in a given site in the second layer passes to an adjacent 
site (rp determines the surface diffusion coefficient of atoms in the second layer). The lives 
T)» T2, and rp do not depend upon pressure. There is, however, some reason to believe 
(see Langmuir, J. Franklin Inst., 1934, 217, 556, eqn. 24) that 1/rg should increase slowly 
with pressure (linearly with log #). Thus surface mobility of adatoms in the first layer, if 
appreciable, should tend to make » increase slightly with pressure. 

Similar calculations for the case y = 1 (hyperbolic adsorption isotherm) show that the 
relaxation time 7 for the rate of return of 6 to equilibrium after a small disturbance is 


7 =7,(1 —6)(l1—O+-7p/27,) . . . . . « (67) 


If rp/T2 can be neglected, this result means that the rate of approach to equilibrium varies in 
proportion to the square of the pressure; otherwise it varies with the first power of #. 
Equation (67) applies also to disturbances from a state of pseudoequilibration if we replace 
6 by 1 — 6, in accord with equation (47). A comparison of (67) and (65) shows a striking 
difference between the cases y = 1 and y = 2 in regard to the way the rate of approach to 
the final state depends upon 6. - In the first case (y = 1) the rate increases with pressure 
and rises rapidly as 6 approaches 1, but in the second case (y = 2) the rate is much slower, 
is nearly independent of pressure, and decreases rapidly as 8 approaches 1. 

The peculiar features that characterise adsorption in the case y = 2 bear a close re- 
semblance to those of many types of activated adsorption that have been reported 
recently. 

At sufficiently low temperatures the so-called permanent gases, hydrogen, nitrogen, 
argon, etc., are adsorbed on surfaces by van der Waals forces. This kind of adsorption, 
which we shall call Type I, is characterised by rapidity and the relative ease with which 
saturation is attained. When the temperature is raised this adsorbed gas evaporates, 
but in some cases at a much higher temperature it is slowly readsorbed. With this kind of 
activated adsorption it is almost impossible to reach definite saturation. This distinction 
between van der Waals and activated adsorption was pointed out for the cases of carbon 
monoxide on platinum (Langmuir, J. Amer. Chem. Soc., 1918, 40, 1361, see especially 
p. 1399) and later for hydrogen, oxygen, and carbon monoxide on platinum (idem, Trans. 
Faraday Soc., 1921, 17, 607, 621). Taylor and others (J. Amer. Chem. Soc., 1931, 53, 
578) have studied in detail many cases of activated adsorption. 

From measurements of the adsorption of hydrogen by copper powder at temperatures 
from 25° to 200° c., Ward (Proc. Roy. Soc., 1931, A, 183, 506) concludes that this adsorption, 
which according to Taylor is of the activated type, takes place in two distinct steps, which we 
shall describe as being of types II and III. The introduction of gas gave an almost in- 
stantaneous adsorption (type II) of part of the gas,-followed by a very slow adsorption 
(type III) which increased in proportion to the square root of the time, and thus did not 
give any definite saturation- The rate of type III adsorption was only very slightly de- 
pendent on the gas pressure. When during this slow adsorption the pressure was decreased 
in the ratio 2 : 1, there was a nearly instantaneous decrease in the amount of gas adsorbed, 
but the slow adsorption continued unchanged. Ward contends that the type III ad- 
sorption is caused by solution of the gas in the bulk metal, or in fissures (?), but Taylor 
(Trans. Faraday Soc., 1932, 28, 131) gives reasons for believing that it represents merely a 
continuation of the type II process. 

Blodgett and Langmuir (Physical Rev., 1932, 40, 78) found two distinct types of true 
activated adsorption of hydrogen on tungsten filaments and proved that neither type 
involves solution in the metal. 

Benton and White (J. Amer. Chem. Soc., 1930, 52, 2325; 1932, 54, 1373, 1820) and 
Benton (Trans. Faraday Soc., 1932, 28, 202) recognise these three types in interpreting 
experiments on the adsorption of hydrogen and carbon monoxide by powders of copper, 
iron, or nickel. They find that the amount of gas taken up by the type III adsorption never 
exceeds that of type II, and they note that “ in no case examined does solubility (type III 
adsorption) make its appearance until temperatures are reached at which there is a pro- 
nounced activated adsorption ” (type II). A typical example is cited in which a given 
amount of iron powder instantly and reversibly adsorbed 3-0 c.c. of hydrogen at —195° c, 





542 Langmuir: Monolayers on Solids. 


and 40 mm. pressure (type I). At —78°c. only 0-05 c.c. was adsorbed at this pressure. 
At 0° c., 0-3 c.c. was taken up immediately, but a slow adsorption continued at a decreasing 
rate, giving a total adsorption of 3-28 c.c. in 35 days without signs of approach to a limiting 
value. At this time a quick change of temperature to 110° c. gave an immediate release 
of 1-22 c.c., but then during the next three days, 0-41 c.c. of gas was slowly taken up. 
These phenomena led Benton and White to believe that two different adsorption processes 
are “conclusively shown.” They attribute type III to solution of gas in the metai, but 
are careful to state that it ‘‘ may well be a second type of activated adsorption.” 

Taylor and Ogden (Trans. Faraday Soc., 1934, 30, 1178), in studies of the rate of 
adsorption of hydrogen and carbon monoxide by zinc oxide, find an instantaneous, followed 
by a slow adsorption varying approximately with the square root of the time and not 
appreciably dependent on pressure. They do not attribute this type III adsorption to 
solution. 

The fact that the observed adsorption of type III is usually of the same order of magni- 
tude as, although always less than, the type II adsorption, is strong evidence that solution 
in the metal is not involved; for otherwise we should expect, by suitable choice of the 
substrate metal or method of preparation of the powder, to obtain wide variations in the 
ratio of type III to type II. 

The striking difference in the rates of adsorption characterising types II and III has 
sometimes been attributed to a non-homogeneous surface, some parts of which bind adsorbed 
molecules much more firmly than others. Such effects should be associated with decreases 
in the heat of adsorption, Q, as 6, the amount of adsorbed gas, increases. Changes of this 
kind in Q have sometimes been found, but in other cases which give characteristic ad- 
sorption of types II and III, no dependence of Q on @ has been observed (Ward, Joc. cit. ; 
Maxted and Hassid, J., 1931, 3313). 

If we compare the observed characteristics of type III adsorption with those deduced 
theoretically for adsorption on crowded lattices (i.e., when y > 1), we find such striking 
similarity that we are led to suspect that in many cases adsorptions of type III and type II 
differ essentially only because of a crowding of adatoms which requires complicated re- 
arrangements before a close-packed state can be reached. In particular, attention may be 
called to the relatively high rate of adsorption up to a rather definite point where 6 = 1 — 
6,, by equation (47), followed by a rapidly established pseudoequilibrium with a slow up- 
ward drift in 6 due to the gradual decrease in 6,, equation (62), accompanying the re- 
distribution of surface phases. By the postulates of our theory, the heat of adsorption is 
the same at high and at low values of 6. The marked decrease in the rate of adsorption at 
high @ is associated with the low entropy that results from the overcrowding of the lattice. 

Several investigators have obtained approximately linear relationships between q, 
the amount adsorbed, and +/#; but often the curves, with q as ordinate, show gradually 
decreasing slopes. Since, of course, there must be a limit to the amount of gas that can be 
adsorbed, the square-root law cannot apply for indefinitely large values of ¢. Let us ex- 
amine some of these experimental data to see if the rates vary in proportion to the cube 
or some higher power of (1 — 8), in accord with equation (65). 

Maxted and Moon (Trans. Faraday Soc., 1936, 32, 1375) found that 1 g. of platinum- 
black at 20° c. adsorbs 0-40 c.c. of ethylene within the first 5 minutes, and that this 
amount increases to only 0-70 c.c. after 1316 mins. Their results are accurately expressed 
by the equation g = 0-385 + 0-0086 ~/¢ — 2. It is also possible, however, to represent 
their data within the same time interval by 


1/(1-00 — g)? = 2:95 +0-0054¢ . . . . . . (68) 


with a mean error of 0-010 c.c., which is probably within the experimental error, since only 
two significant figures are used in recording the data. This equation, which is based upon 
equation (65), shows that the limiting value of g is 1-00 c.c.; to reach 0-90 c.c. would require 
12-5 days, and for 0-99 c.c. 3-3 years are needed. 

Taylor and Strother (J. Amer. Chem. Soc., 1934, 56, 586), in studying the kinetics of 
the adsorption of hydrogen by zinc oxide at six temperatures between 0° and 302° c., 
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observed three types of adsorption, I, II, and III. If the data for q are plotted against 
4/t, lines are obtained which are fairly straight in the range ¢ = 5—25 mins., but above that 
the slopes gradually decrease. However, when the cube roots of the rates of adsorption, 
i.¢., (dg/dt)**, are plotted against g, straight lines are obtained whose intercepts on the 
g-axis give the limiting value of g for ¢ =o. Thus all these data are well expressed by 
equations of the type of (65). For example, the data at 0°c. give g = 2-58 c.c. after 
5 mins. and g = 4-23 c.c. at 400 mins., and the whole curve is represented by 


1/(5-00 — g)? = 0-15 + 0-0047t 


within an average error of 0-027 c.c. Thus, in these experiments during the slow type III 
adsorption, 8 increased from 0-52 to 0-84. ‘ 

With activated adsorption on powdered or porous substrates one would perhaps 
hardly expect to find conditions that conform with those that we have postulated in our 
theory of adsorption on crowded plane lattices. However, the hyperbolic isotherm, 
originally derived for plane surfaces, has often been found to apply well to powdered sub- 
strates. When therefore we find empirically examples of type III adsorption which are in 
accord with equation (65), we may at least suspect that they represent cases of adsorption on 
overcrowded lattices. The postulates underlying the theory are in no way incompatible 
with activated adsorption. In fact, it is just in the case of activated adsorption, as con- 
trasted with van der Waals adsorption, that we should find strong forces that bind atoms or 
molecules in definite sites in the surface. 
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The Present State of Valency Theory. 
THE TILDEN LECTURE. 
DELIVERED BEFORE THE CHEMICAL SOCIETY ON DECEMBER 14TH, 1939. 
By L. E. Sutton. 


In common with most other chemical theories, valency theory has progressed in leaps. 
These have mostly been caused by the application to chemistry of new physical concepts 
or theories. The discovery of the electron and of the nuclear atom, the development of 
Bohr’s theory of atomic structure and most recently of the Heisenberg and Schrédinger 
systems of wave mechanics, have all initiated periods of special activity. The most recent 
of these began in the late ’twenties and is still going on, so it is appropriate at the end 
of a decade to review the progress which has been made. 

In order to assess the present state of our understanding, it is first necessary to con- 
sider what would be expected of a complete and satisfactory valency theory. We may 
say that chemistry is concerned with the identification of substances and with the study 
of their interconversion. Its theory is all based upon the premise that there are atoms 
and molecules; and it is the part of valency theory to deal with the forces which bind 
atoms together to form molecules. This branch of chemical theory is therefore relevant 
to any enquiry into the properties of an individual molecule, or indeed to any enquiry 
into the properties of an assemblage of molecules, whether of one or of more kinds, so 
far as these are determined by the properties of the individuals. What are called the 
chemical properties of a substance relate to its tendency to change into something else, 
either alone or by reacting with other substances, under stated conditions of temperature, 
pressure, solvent, and illumination. Since they are properties of statistical assemblages 
and not of individual molecules alone, valency theory cannot give complete information 
about them. It should, however, play an important part in the assessment of the thermo- 
dynamic stability of one system relative to another by enabling us to compute the internal- 
energy change which almost always is an important part of the free-energy change and 
quite frequently is the dominating factor. Moreover, since it should provide values of 
the rotational and vibrational quanta for the molecules concerned, which are necessary 
in the calculation of the entropy change, it should also have an important bearing on the 
second term in the free-energy change. Valency theory in its widest sense should play a 
correspondingly important part in the treatment of the rate of reaction, for it should 
enable us to follow the changes which occur when two molecules approach very closely, 
as they do in the activation process. 

The physical properties of a substance, which generally involve no permanent change 
of molecular species, may be of chemical interest either because they aid in its descrip- 
tion or because they are related in some way to the stability; for example, we can use 
observed heats of formation to calculate the internal-energy change in a reaction and the 
observed rotational and vibrational levels in calculating the entropy change. In so far 
as they are functions of quantities which characterise individual molecules, as, for instance, 
the dielectric constant is of the electric dipole moment and the electrical deformability of 
the molecules, we should be able to calculate them with the aid of valency theory. The 
most important of the properties which can be measured are related to the following 
characteristics of molecules : 

(1) The complexity, 7.e., whether it exists as the lowest possible unit, a small polymer, 
or a “ giant molecule.”’ 

(2) The characteristic energies of electronic, vibrational, or rotational excitation, 
including the energy evolved when the molecule is formed from normal atoms. 

(3) The interatomic distances, the spatial arrangement of the atoms, the moments of 
inertia, and the molecular volume. 

(4) The force constants for vibrational movements in the molecule. 

(5) The electrical and magnetic properties such as the permanent electric and mag- 
netic dipole moments, the deformability by electric and magnetic fields, usually called 














[1940] Sutton: The Present State of Valency Theory. 545 


the polarisability and the diamagnetic susceptibility, and the anisotropy of these latter 
properties. 

The scope of valency theory is therefore so great that it is quite impossible to make 
detailed comparisons of the ideal and actual performances in any but a small fraction of 
the whole field. I shall therefore compromise by indicating very briefly the general 
character of the advances, and then dealing more thoroughly with the progress in some 
topics which specially interest me. 

First, we want to know if present theory can explain at all why there are forces which 
hold atoms together to forma molecule. It may be recalled that the Bohr theory indicated 
qualitatively that certain neutral atoms could lose electrons and others acquire them 
without a great expenditure of energy; if the resulting oppositely charged ions approach 
from infinity to within a few Angstrom units of each other, more energy could be gained 
than was used up in the initial electron transfer. It was therefore possible to see how a 
stable, “‘ electrovalently ’’ bound ion pair could be formed: but no treatment of covalency, 
or bonding by the sharing of two electrons, which was even qualitatively satisfactory 
could be given. Early attempts to treat the structure of molecules were all based on a 
picture of ionic valencies deformed to a greater or lesser extent, as was for example Debye’s 
early treatment of the configuration of the water and the ammonia molecules (‘‘ Polar 
Molecules,’’ New York, 1929, p. 68). Present theory allows the energies of forming 
individual ions to be calculated with a considerable degree of precision (e.g., Hartree and 
Black, Proc. Roy. Soc., 1933, A, 189, 311; Hartree and Hartree, zbid., 1935, A, 150, 9), 
and the energy gain when the ions approach closely can also be treated fairly well, so 
the qualitative picture has now become a quantitative one. A much greater triumph, 
however, is the successful treatment of covalency. For simple molecules such as H,*, 
H,, He,*, it is now possible to calculate the potential energy as a function of internuclear 
distance and to show that it has the minimum required to explain the existence of a 
stable bond (Pauling and Wilson, ‘‘ Introduction to Wave Mechanics,’’ New York, 1935, 
Chap. XII; Penney, ‘‘ The Quantum Theory of Valency,’’ London, 1935; Dushman, 
“Elements of Quantum Mechanics,’’ New York, 1938). One can calculate not only the 
maximum possible gain of energy, i.e., the heat of formation of the molecule, and the 
equilibrium length of the bond, but also the force constant of stretching or compressing 
it, since this is given by the curvature d?V /dr? of the V-r curve. For such simple mole- 
cules the calculated values are very accurate,* but for the generality of molecules, or for 
the bonds in molecules containing three or more atoms, no precise, quantitative a priori 
treatment can be given. Nevertheless, the qualitative pictures of the nature of covalency, 
of the conditions which affect the stability of a bond, and of the distinction in character 
between links formed by one, two, three, or more electrons, are most helpful. 

What is true of the purely theoretical calculation of heats of formation, bond length, 
and force constant is true also of most of the other characteristics enumerated above. 
For very simple cases, usually the hydrogen molecule, it is possible to calculate them 
quite accurately, but in general, although we can see how the calculations could be made 
in principle, they are actually impossible because of the mathematical difficulties. It is 
true also of the calculation of heats of activation. Only such simple reactions as H, + D> 
HD + H can be treated with any claim to precision (Eyring and Polanyi, Z. physikal. 
Chem., 1931, B, 12, 279), but the qualitative picture thus obtained is again most valuable 
(Discussion on Reaction Kinetics, Trans. Faraday Soc., 1938, 34). 

The improved understanding of the nature of covalency has made possible qualitative, 
but very illuminating, treatments of covalency angles. The tetrahedral arrangement of 
the carbon valencies, the pyramidal arrangement for nitrogen, the flat one for boron, the 
non-linear one for water, the linear one for mercury, as well as the octahedral configur- 
ation for many six co-ordinated complexes, have all been explained in a convincing way 
(Pauling, ‘“‘ The Nature of the Chemical Bond,’’ Cornell, 1939, Chap. III). Still more 


* For the hydrogen molecule James and Coolidge (J. Chem. Physics, 1933, 1, 825) obtained a 
theoretical dissociation energy of 102-6 kg.-cals. /g.-mol.; the experimental value is 102-9 kg.-cals. /g.-moly 
The theoretical internuclear distance, 0-739 a., is exactly equal to the observed value. 
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striking, however, has been the success of a prediction that certain four co-ordinated 
complexes of transitional elements would prove to have the valencies directed along the 
diagonals of a square. It is now known with varying degrees of certainty that this can 
and does happen in nickelous, palladous, and platinous complexes of the type [MX,], as 
well as in cupric, argentic, and auric complexes—largely as a result of the work by members 
of this Society (see numerous references by Pauling, op. cit.; also Emeléus and Anderson, 
‘Modern Aspects of Inorganic Chemistry,” London, 1938, Chap. IV).: 

It is also possible to assert confidently that the effective covalency maximum for 
hydrogen is one, while that for elements in the first short period is four, because any other 
bonds would be exceedingly weak. It is not possible to give a theoretical limit so cer- 
tainly for later elements: those in the second short period might be able to form up to 
nine bonds, but in the discussion of covalency angles it was shown that an atom could 
form six strong octahedral bonds by using one s, three #, and two d orbitals; * and it is 
possible that if the other three d orbitals are brought in, only relatively weak extra bonds 
would be formed, so that the apparent limitation to six in elements of the second short 
period and the first long period may be explainable. Steric considerations probably play 
a part too. 

The most important general contribution which wave mechanics has made to chemistry is 
the conception of “‘ resonance ’’ (see Pauling and Wilson, op. cit., Chaps. XI—XIII; Penney, 
op. cit.; Dushman, op. cit., Chaps. X, XII, XIV; Pauling, of. cit.; Sidgwick, J., 1936, 
533; 1937, 694), which lies behind most of the results cited above. It is one of extremely 
wide application, for we can say that the stabilities of certain atoms, of covalent links, 
and even of whole molecules are dependent on the phenomenon. A simple but reasonably 
accurate statement of the principle is that if a system can be given two or more electronic 
structures which have equal, or roughly equal, energy contents and equal numbers of unpaired 
electron spins, and in which the nuclei are in not very different positions, then the actual 
electronic configuration will differ from that of any of these single structures, and will be a 
hybrid derived from them. It will most closely resemble the single structure of lowest 
energy content. 

The lowest possible energy state of the actual system, 7.e., the ‘‘ ground ”’ state, will 
be lower than that of the lowest single component structure. In particular cases, such 
as the hydrogen molecule which will presently be discussed, it can be seen that this 
stabilisation of the ground-state structure relative to the simple single structures is directly 
due to the changed electron distribution—in the ground state the electrons are shifted 
in such a way that the attractive forces in the system are increased and the repulsive ones 
decreased. It may be presumed that this is generally true; so if we accept the new 
electron distribution as a direct consequence of the application of wave mechanics, the 
effects upon the energy follow necessarily from electrostatics. The source of the so-called 
resonance energy—which is the name given to the difference between that of the actual 
state and a weighted mean of those of the component structures—then seems less 
mysterious. In excited hybrid structures there are corresponding destabilisations. 

This view may be illustrated by the particular case of the hydrogen molecule (Penney, 
op. cit.). If we imagine that two normal hydrogen atoms are brought close to each other 
and that they retain the spherically symmetrical electron distribution which they each 
had when they were an infinite distance apart, then it will be found that they repel, because 
the repulsions between the electrons, and more especially those between the nuclei, over- 
weigh the attractions of the nuclei for the electrons which do not belong to them. If we 
apply wave mechanics to find the actual electron distributions,f we see that there are 
two possibilities; shown by the electron-density diagrams in the figure. In the first of 
these the electrons are removed from the space at the ends to the space between the 
nuclei, with the result that the repulsions between nuclei are decreased by the improved 
screening, and the nuclei are attracted to the dense central electron cloud, so the system 

* Pauling, J. Amer. Chem. Soc., 1931, 58, 1367. An “‘ orbital” is the wave-mechanical equivalent 
of the Bohr orbit. 

+ Resonance arises because we can draw alternative structures: (a) with electron 1 on nucleus A, 
and electron 2 on nucleus B; (b) with electron 2 on nucleus A, and 1 on B. -They have equal energies. 
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is stabilised. In the other, the reverse happens and the system is destabilised. The first 
is the ground state; the latter is the first excited state. 

Besides this kind of resonance, which arises from the possibility of writing two struc- 
tures which differ only by the exchange of two electrons 
(hence the term ‘‘ exchange energy’’), we may have 
resonance with others, called ionic structures, in which 
either one of the nuclei has both electrons. If the energies 
of what we may call the purely covalent and the ionic 
structures are not very different, and if they have the 
same number of unpaired electrons, as they usually 
do, it is a theoretical necessity that there should be 
resonance between them. This is discussed in more detail 
later. 

When we come to consider a large molecule, we can 
treat the covalent bond as a unit and not consider the 
resonance within it in detail, so that if we can write 
several different Lewis~-Langmuir structures which satisfy 
the fundamental conditions already given, we may expect 
that there will be resonance between them. This way 
of treating large molecules is convenient because it 
enables us to use a representation with which we are 
familiar in discussing new phenomena. Such molecular Fora Pog gms erg o ym 
resonance is sometimes called ‘‘ mesomerism’”’ (Ingold, °,-: 

J., 1933, 1120). The classic example of it is benzene, ST ee 
for which we can write two Kekulé structures and three Dewar structures : 








6 Oo Ores 
4 / VA W \F 


The resonance thus made possible can account for the stability which characterises this 
ring system. These ideas were adumbrated by organic chemists, who reasoned inductively 
from chemical properties [Robinson, Two Lectures on an ‘‘ Outline of an Electrochemical 
(Electronic) Theory of the Course of Organic Reactions,’’ Inst. of Chem., 1932; Ingold, 
Chem. Revs., 1934, 15, 225]. Wave mechanics enables us to deduce them from general 
principles which originally were arrived at in attempts to explain a great diversity of 
physical data; so a synthesis of ideas has come about similar to that which came from the 
inductive Lewis theory of atomic structure and the deductive Bohr theory. 

Resonance should affect not only the energy but all the physical properties of a 
molecule, and the chemical “properties too. Whereas the heat of formation from 
the atoms must be greater than that of any component structure, such properties 
as bond length, valency angle, force constant, and electric dipole moment * should be 
intermediate between the extreme values found in these component structures. For 
instance, in benzene it is found that the molecule has all its bonds of an equal length, 
1:39 A., intermediate between that of a pure single bond, 1-54 a., and that of a pure double 
bond, 1-34. So, too, nitrous oxide which can be given the twe oppositely polar structures 

é 


N=N=0 and N=N—O 
actually has an electric dipole moment of very nearly zero. If, therefore, we wish to 
predict the properties of a molecule, it is essential that we should know what component 
structures are important and what their individual properties are. 


Although it is generally impossible to answer both of these questions from theory 
alone, yet it is possible in some relatively simple cases to answer the first one. By using 


* In so far as the paramagnetic dipole moment of a molecule depends upon the unpaired electron 
spin, it cannot have an intermediate value because of the restriction on resonance between structures 
with different numbers of electron spins. 
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experimental data to answer the second one, it is then possible to predict the properties 
of the molecule under discussion. The conjugated carbon systems or polyenes, and the 
carbon free radicals, have in effect been so treated (see Pauling and Wilson, of. cit., Chap. 
XIII; Penney, op. cit.; Pauling, op. cit., Chap. IV; Lennard-Jones, Proc. Roy. Soc., 
1937, A, 158, 280; Lennard-Jones and Turkevich, ibid., p. 297; Penney, ibid., p. 306; 
Coulson, zbid., 1938, A, 164, 383; Wheland, ibid., p. 397; Penney and Kinch, zbid., 
p. 409). 

Two approximate methods have been employed. The “ electron-pair’’ or “ localised 
bond ’”’ method is based directly on the idea expounded above of building up the actual 
structure from simple component ones, and when their contributions have been computed 
the resonance energy may be related to the heats of formation of single, double, and 
triple carbon-carbon bonds, which can be measured experimentally. An order or multi- - 
plicity can be calculated for each bond in the molecule—it is generally non-integral and is, 
for instance, 1-62 in benzene—and then from curves relating bond energy or bond lengths 
to bond order, constructed from data for integral bonds, the individual bond energies 
and lengths may be read off by interpolation. The “‘ molecular orbital ’’ method takes 
a complex orbital, like that of each electron in the hydrogen molecule, as the constructional 
unit from which to build the still more complex orbitals of the mobile electrons in the 
compounds under discussion. These electrons are those which are shifted around to 
form the different structures in the other treatment. Their energy, as a group, is thereby 
related to the energy of the unit orbit which in turn is expressible as a function of the 
energies of single, double, and triple carbon bonds. In more elaborate treatments the 
stretching force constants of these bonds are introduced too, and both the energies and 
lengths of the bonds may then be computed. The two methods usually agree quite 
well with each other and with the experimental results, as may be shown by the figures 
for naphthalene. The bond orders calculated by the electron-pair method are shown 
in (I), and the distances (in A.) in (II). 


1-52 1-69 1-40 1-38 
1-433 | 1-53 1-42 | 1-40 


(I; Bond orders.) (II; Bond lengths, a.) 


The calculated heat of formation on the Sidgwick—Bowen basic values is 1888 kg.-cals./ 
g.-mol., while the observed one is 1884. The molecular orbital method gives exactly the 
same values for the bond-lengths and 1881 for the heat of formation. The individual 
lengths have not been determined experimentally, but the mean value is 1-41 A. 

When the conjugated system is heterogeneous, the theoretical methods become less 
exact and usually fail to give any quantitative information. In the most general case, 
then, we can predict neither the relative importance of possible component structures 
nor their properties. 

Any further progress must be made empirically. We may try to predict what the 
chemical and physical properties of a molecule would be if it had a single Lewis~Langmuir 
structure, and if they prove to be different we may conditionally ascribe this to resonance. 
By examining a large number of examples we may hope to see regularities which will 
enable us to make rules about the occurrence of resonance and especially as to what con- 
stitutes a “‘ reasonable ’’ structure, 7.¢e., one which participates to an important extent 
in a given compound. It is most important that we should succeed in this task, for the 
great danger of the idea of ‘‘ resonance ’’ is that, because it is so general and so adaptable, 
it can be made to explain almost any peculiarity of any particular compound if licence 
to postulate suitable component structures be granted. If many such ad hoc treatments 
were made without reference to general rules, the resulting anarchy might bring the 
whole idea into disrepute. It is obvious that, not only should as many classes of com- 
pound as possible be examined, but also the properties considered should be as varied 
as experimental limitations allow. 
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Before discussing the results of attempts to formulate general rules, it may be as 
well to indicate what are the marks of respectability which are held to characterise a 
non-resonating system, for obviously on the soundness of these standards depends the 
validity of all our subsequent arguments. Some of them were arrived at empirically, 
before the idea of resonance had flowered; others were reached with the aid of the new 
theory; but all are based on the idea that Nature strives to be simple. 

It is supposed that the heat of formation of a molecule can be expressed as the sum 
of constant values characteristic of each link; and furthermore, that the heat of form- 
ation of a pure covalent link A-B* is the mean of those for A~A and B-B (Pauling, 
op. cit., Chaps. IlandIV; Pauling, J. Amer. Chem. Soc., 1932, 54,3570; Pauling and Yost, 
Proc. Nat. Acad. Sci., 1932, 18, 414; Sidgwick, ‘“‘ The Covalent Link in Chemistry,” 
Cornell, 1933, Chap. IV). It is possible to check these standards, for since resonance 
should cause the energies to be greater than normal, experimental values should never 
be less than those so predicted. This is in fact substantially true. 

Interatomic distances are supposed similarly to be equal to the sums of constants— 
radii—characteristic of each atom. In pure ionic bonds these depend somewhat upon 
the nature of the environment, but in pure covalencies they are independent (Pauling, 
op. cit., Chap. V; Sidgwick, op. cit., Chap. III). Actual bonds may be either longer or 
shorter than the sum of the radii, according to the structures concerned in the resonance. 
Resonance in a molecule as a whole is detected by its effect on the lengths of individual 
bonds. Force constants and interatomic distances are hardly to be considered as entirely 
independent data for our present purposes, since some empirical relation, such as that 
expressed by Badger’s rule,t appears to exist between them. 

It is known that no such simple addition of characteristic vectors is adequate for the 
correlation of electric dipole moment data, because the electric deformations produced 
by each dipole in other parts of the molecule are often relatively large (Sutton and Brock- 
way, J. Amer. Chem. Soc., 1935, 57, 482), but some allowance for these effects can be 
made. In order to overcome this difficulty we may either attempt to compare the moment 
of the compound under examination with that of a similar one in which resonance should 
not occur (Sutton, Proc. Roy. Soc., 1931, A, 183, 668; Trans. Faraday Soc., 1934, 30, 
789), or we can attempt to calculate the interactions (Groves and Sugden, J., 1937, 1992). 
Where compared, the two methods agree qualitatively. Sometimes, when the effect of 
possible resonance on the dipole moment is large, as in the previously mentioned case 
of nitrous oxide, a useful qualitative answer can be obtained without making any correction 
for interaction. 

It has been assumed, with inadequate justification, that the dipole moments of a 
purely covalent link or of unshared electrons on an atom aré small, and it is consequently 
supposed that the greater parts of the observed bond moments are due to resonance with 
ionic structures. 

Other properties, such as electric deformability or molecular refractivity, diamagnetic 
susceptibility, and the molecular volume or the parachor show a fair degree of additive 
character: but since it is less easy to predict how the normal values of these properties 
will be modified by resonance than it is for the foregoing ones, they have on the whole 
proved less useful for attacking resonance problems. 

When these criteria of normality are applied to the data, the following generalisations 
emerge : 

(1) Resonance of some kind, additional to that implied by a normal covalency, occurs 
in an isolated bond when it is formed between two unlike atoms. 

(2) Resonance occurs in a molecule as a whole when it is possible to draw for it alter- 
native structures which have the same number of bonds of normal length, and which do 


* The mean used should be the geometric one, but the arithmetic one is more convenient to apply 
and is usually sufficiently accurate. 

t That ko(r, — dy)* = 1-86 x 105, where k, is the force constant in dynes/cm., r, is the equilibrium 
length (in a.) of the bond, and dy is a constant characteristic of all diatomic molecules made up of one 
element in the i** row and one in the j row of the Periodic System (Badger, J. Chem. Physics, 1934, 
2, 128). 

, oo 





550 Sutton: The Present State of Valency Theory. 


not involve the complete transference of electrons from one atom to another. The Kekulé 
structures for benzene, or the related ones for naphthalene, are typical. 


JN “an. “4N\N “\4 SAVIN 
‘Oa oe 2 Se ey oan 


(3a) There will be resonance if we can draw structures which have one covalent bond 
less than normal, but which require no transference of electrons from one atom to another. 
Examples are provided by butadiene and diphenyl : 


Butadiene. (c= 


Diphenyl. > mi O- ts | 


i 





The bond shown by a broken line, the “ long ’’ bond, has the qualitative character of a 
covalency but is exceedingly weak because the distance between the nuclei is much greater 
than that at which the potential energy is a minimum. It is a purely formal bond, and 
the structures containing it are less stable than the “‘ ordinary ’’ ones by almost the whole 
of the dissociation of a C-C bond, so they are frequently called the first excited structures. 
They can cause additional resonance in cyclic polymers such as benzene or naphthalene. 
Individually they may play only a small part, but they may be quite important as a 
class if sufficiently numerous; so they are more important in diphenyl than in butadiene, 
and again in naphthalene than in benzene. 

(3b) There will be resonance if there are structures with the normal number of covalent 
bonds, but a single transference of charge. Examples are numerous, ¢.g. : 

- - + 


Carbon dioxide. o=c=0 6=c—O 0—c=6 
Aniline. <a, <_)=iH, < >in, 


(4) There may be resonance if there are structures with two bonds less than normal 
but no transference of charge, one bond less and one transferred charge, or two trans- 
ferred charges. The second type is quite common; it may occur in polyenes, conjugated 
unsaturated ketones, and other compounds in addition to that permitted under rule (3a). 


Such a structure, too, provides the only way in which the effects of conjugation may appear 
at the m-position of a benzene ring. 


Butadiene. —(=(-(=(- - —¢-=¢-F— Aniline. & >in, 


Diacetylene. —C=C—C=C—_s —C=c=c=¢— 


It is probable that no general rule can be made about the relative importance of the 
number of transferred charges, and the number of missing bonds in determining the 
importance of a particular structure: it seems likely to vary from case to case. 

These rules appear to be reasonably adequate for organic compounds, but it is less 
certain that they are for inorganic ones. New types of structure become possible when 
an atom has an incomplete octet, or can expand its valency group, or can use orbitals 
in the penultimate group for covalency formation as can the atoms of the transitional 


qt nn es 
(I11.) : di=si=cit av) 
oo \a a 


elements. Such structures as (III) for boron trichloride and (IV) for silicon tetrachloride 
have more bonds than the usual ones but also more transferred electrons or formal charges. 
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Sometimes the number of bonds may be unaltered and the number of formal charges less, 
as in the structure (V) for nickel carbonyl compared with (VI); or again, the number of 


7 


+0=C—Ni—c= + (VI) 


fj 


bonds may be greater and the number of formal charges less, as in the structure (VII) 
for the sulphate ion compared with (VIII). 


(VII.) ID of (VIII.) 


Since the rules previously given are essentially empirical, the justification for extend- 
ing and revising them to cover such instances must come from experimental data. At 
present, however, it appears difficult to interpret these in a reasonably simple and con- 
vincing manner; and although there is some support for the unusual structures given 
above, the question is far from settled. 

In the rules given there is an implication that structures with several transferred 
electrons are relatively unimportant. In an effort to generalise, it has been suggested 
as a quite rigid rule that structures with like formal charges on adjacent atoms, or several 
on one atom, are not “ reasonable ’’ (Pauling, op. cit., Chap. VI; Pauling and Brockway, 
J. Amer. Chem. Soc., 1937, 59, 13). This explains some experimental facts, such as the 
apparent unimportance of the following structures in nitrous oxide, the sulphate ion, and 

+ O- 
- = + = J++ + + - 
N-—-aa, alii: arta and CH;—O=N<6- 
O- 
methyl nitrate respectively, as judged by bond lengths; but it is not in agreement with the 
fact that nitrogen tetroxide has a symmetrical structure O,N-NO,, which must be derived 
from (IX) and the other permutations, or that ethylnitramine has a resonance energy of 
about 20 kg.-cals./g.-mol., which presumably arises from resonance with the structure (X), 
in addition to that between the two structures (XI) and (XII) which was included in the 
calculation of the ‘‘ normal’’ heat of formation. It seems probable that this rule is useful 
as a rough guide, but that it is not strictly true in the form given because, in actual fact, 
complete electron transferences do not occur in such single Lewis-Langmuir structures. 
The electric dipole moment of the N—>0O bond is about 4 D. (unpublished measurements 
by Hunter and Leonard), which indicates that the transference is only half complete. 
Similarly, the moment of the OO bond appears to be only about 3 p. (Lewis and Smyth, 
J. Amer. Chem. Soc., 1939, 61, 3063). Another determining factor may be the nature 


+ - + + - 
: ss R-NS=NCO” RN NS. R—N—N 
OSNN<O H So H <0 H <0 
(IX.) (X.) (XI.) (XIL.) 


of the atom in which a given formal charge is placed; thus, a structure in which fluorine 
is made positive is relatively improbable, whereas one in which oxygen is made negative 
is probable. 

If a bond of a molecule is completely ionised, it frequently becomes possible to re- 
arrange the valencies in one or other of the ions so formed in a way which would not be 
possible if the key bond were to remain covalent, and the question arises whether it is 
permissible to consider that such further structures, which would be allowed by rule (3b), 
are actually in resonance with others wherein the bond is covalent. 
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It has been suggested (Brockway, J. Physical Chem., 1937, 41, 185), for example, 
that in a fluoroparaffin with more than one fluorine atom on any carbon atom there is 
resonance between the normal covalent structure and ionic ones of the type (XIII). This 

7 obviously cannot happen if there is only one fluorine atom on carbon, 

| and therefore it is possible to explain the very much greater stability 

x+ ~ to hydrolysis and the contraction of the C-F bonds observed for the 

x first group of compounds compared with the second. If this were 

(XIII) correct, the apparent heat of formation, calculated from thermal data, 

of the C-F bond in the first group would be greater than it is in the 

second: but in actual fact this is not so. In 6-fluoroethyl alcohol it is 117, in B8- 

difluoroethyl alcohol 122, and in carbon tetrafluoride 110 kg.-cals./g.-mol., so there is no 
systematic difference. 

A similar explanation has been offered (Pauling, Springall, and Palmer, J. Amer. 
Chem. Soc., 1939, 61, 927) for the remarkable fact that the methyl-carbon bond in methy]l- 
acetylene is 0-08 a. shorter than a normal single carbon-carbon bond (1-54 a.). Structures 


- oa 
H*CH,—C—CH and H-CH,—C—CH, made possible by ionising a C-H bond, would 
allow the C-C bond to acquire some double-bond character and so make it contract. 
This suggestion, however, is not in harmony with the evidence of heats of hydrogenation 
(Conn, Kistiakowsky, and Smith, ibid., p. 1868) which are given below (in kg.-cals./g.-mol.) : 


CH, C=CH +H, + 3959793 CHyCH=CH, +H, + pipet 


The values for the methylated acetylenes are not very different from that for acetylene 
itself. Moreover, the methyl-carbon bonds in the methylethylenes are of normal length 
(Pauling and Brockway, ibid., 1937, 59, 1223), so no special resonance need be postulated 
for them; yet the heats show that there is no more resonance energy in the methylacetylenes 
than there is in the methylethylenes, and that, presumably, is none at all. Once again, 
it is likely that there is no simple answer to our question. The structures suggested for 
the polyfluoro-compounds may be unsatisfactory because they make fluorine positive, 
while those for the methylacetylene may be unimportant because considerable energy is 
required to ionise a C-H bond.* There may, however, be cases where they play a part, 
e.g., in benzyl chloride, where we might have a small contribution from the structure 


=CH,JCr- which has no particularly improbable feature. Research aimed speci- 


fically at solving this general question would be very valuable. 

One of the most necessary present tasks in this field of chemistry is a more complete 
correlation of the results from different kinds of experimental investigation. It will 
have been noticed that the immediate conclusions drawn from, let us say, bond length and 
heat data, do not always agree; and it is desirable that these discrepancies should be 
catalogued. 

Sometimes, as in the instance of methylacetylene, the comparison shows up a difficulty 
which for the present must remain unsolved; sometimes it shows up an inconsistency 
which can more easily be corrected. For instance, it has been argued that the fact that 
the energy of a link A-B is generally greater than the mean of those of links A~A and 
B-B can be satisfactorily explained by postulating resonance between the pure covalent 
structure and one ionic structure, let us say A*B~, only. The excess energies can be related 
to constants x, and %g characteristic of the atoms, and, in view of the above postulate, 
these are termed the electronegativities of A and B. Now the bonds of many supposedly 
simple compounds, such as the inorganic halides, are shorter than the normal covalent 
length. This appears not to be a direct effect of polar character. It has been attributed 
to increase in bond order (Pauling, op. cit., Chap. VIII; Brockway and Jenkins, ]. Amer. 
Chem. Soc., 1936, 58, 2036); as we have already seen (p. 550), it may be possible that 


* It is true that a C-H bond in methylacetylene appears to be partly ionised, judging by the chemical 
behaviour, but this is the =CH link and noé one in the methyl group. 
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double-bonded structures resonate with the normal single-bonded one for silicon tetra- 
chloride. Alternatively, the contractions may be due to changes in the hybrid character 
of the bonding orbitals which do not mean a change in bond order. The exact cause is 
not important for this discussion, for if it involves amy resonance other than that between 
a simple covalency, defined as a mean of those in A~A and B-B, and an ionic structure, 
the excess energy of the bond cannot all be correlated with the ionic character. There is 
no doubt at all that bond energies can be calculated empirically from atomic constants, 
and the usefulness of this to chemical theory can hardly be over-emphasised, but it is an 
over-simplification to designate these constants as electronegativities. This represents 
only part of the truth, and how big a part we do not yet know. 

There are many other problems and unanswered questions which might be raised. 
We might ask why fluorine appears from some evidence to form double bonds and become 
electrically positive, while other evidence indicates that this is the last thing it is likely 
todo; we might ask what hydrogen bonds are; we might ask why those bonds with oxygen 
which develop the higher valencies of phosphorus and sulphur are so very short: but 
these and many other questions are, comparatively speaking, questions of detail, while 
our concern is with principles. Admittedly, one major topic, the relation between reson- 
ance and chemical properties, has been mentioned only incidentally ; but a full discussion 
of this subject could not be included in a discourse of this kind. 

We may summarise the empirical attack on the physical properties by saying that an 
attempt has been made to explain deviations from a set of reasonable, though somewhat 
arbitrary, standards of normality for bonds and molecules with the aid of a small number 
of postulates. These are (1) that abnormalities in a bond arise from changes in the hybrid 
character of the orbitals used for covalency formation, without change of bond order, 
or by resonance between a covalent structure and an ionic one, or by change in bond 
order; (2) that abnormalities in a molecule as a whole arise from resonance between 
different Lewis-Langmuir structures, and that they may be regarded as the sums of 
abnormalities in the individual bonds. 

A considerable amount of success has been achieved, but it must be remembered that 


in applying this method of minimum hypotheses we are striving to make Nature appear 
simple, and that Nature may object. The recent discovery that the forces between 
non-bonded atoms are apparently much greater than had been believed (Conn, 
Kistiakowsky, and Smith, oc. cit.) is a warning to us to expect more surprises. It may 
be that we shall have to think more of the molecule as a whole rather than as a collection 
of bonds. 


I hope that I have succeeded in indicating both the achievements and the difficulties 
which remain to be solved. For the present there are less interesting but more pressing 
matters to attend to; but we must hope that some day these will be. settled and that 
we shall be able to return peacefully to our proper interests. 
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Soren Peter Lauritz Sérensen. 
A MEMORIAL LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON APRIL 4TH. 
By E. K. Rivet, M.B.E., M.A., D.Sc., F.R.S. 


SCANDINAVIA, the home of the ionic theory, has given many great physical chemists to the 
world. Amongst these must be placed Soren Peter Lauritz Sérensen. 

Sérensen, the son of Hans Sorensen, a farmer, was born at Havrebjerg on January 9th, 
1868, and matriculated into the University of Copenhagen at the age of eighteen from the 
public boarding school of Soro Akademi. He had asa child a nervous disposition and after 
severe emotional disturbances was subject to attacks resembling epilepsy. During his 
formative years at school he stammered, but rapidly grew out of this complaint. Like 
most people of a highly strung and nervous disposition, he not only put up mental barriers 
to protect himself from the impact of the violent disturbances found in modern life, but also 
had to find a satisfying means of escape. This he attained in his work. Throughout his 
life Sdrensen’s scientific labours were characterised by his insistence upon attention to 
detail and to accuracy, traits uncommon in a man who had a real flair for experiment, for 
usually in such individuals these gifts are the result of subconscious cerebration rather than 
of volition. Inthe University, Sérensen studied chemistry under S. M. Jorgensen, who was 
particularly interested in the preparation and structure of complex inorganic compounds. 

Three years after entering the University at the age of twenty-one Sérensen obtained a 
University Gold Medal for a historical essay on the development of the concept of the 
chemical radical. He obtained the University Gold Medal for the second time in 1896 
and completed his University work in 1899 by submitting a thesis for the Doctorate on 
cobaltic oxalates. During his pre-doctorate period at the University he assisted in a 
geological survey of Denmark, and later became an assistant in the Polytechnic Chemical 
Laboratory and a chemical consultant to the Royal Naval Dock Yard. Whilst his work 
with Jorgensen was in the main preparative, any theoretical development being possibly 
stultified by the unfortunate controversy between his professor and Werner, yet it was during 
this period of his life that he developed interest in precise analytical methods, which were 
in fact the foundation on which his subsequent world-wide reputation was based. His 
investigations on the use of sodium oxalate as a volumetric standard can be regarded as a 
model of precise volumetric work. 

At the comparatively early age of thirty-three, in 1901, Sérensen was appointed as 
Kjeldahl’s successor to the Directorate of the Chemical Department of the Carlsberg 
Laboratory. It was in this laboratory that he became interested in the proteins and 
commenced his systematic investigations on these substances. His breadth of vision is well 
exemplified by the fact that he made his attack from two different directions, the synthetic 
and the analytic. Whilst it is true that the convergence of these two methods has not been 
effected even at the present time, it is remarkable how much this pioneer in a most complex 
field of organic and physical chemistry actually achieved. 

We are indebted to Braconnot and Liebig for the discovery that two amino-acids, 
leucine and tyrosine, are almost invariably present in the decomposition products of 
proteins. A great advance was made by 1889 by Drechsel, who isolated strongly basic 
diamino-acids such as lysine and arginine from the products of protein hydrolysis. At the 


0,Et 0,H 
H-CH,-CHy-CHyN<CQ>C.H, —> (H-CHyCHy CH yN< Co >CoHy a 
CO,Et Br 


C0,H O,H 
GH-CHyCHyCHy NCO >CoH —> CH-CH,:CH,°CH,-NH, 
NH, H, 


end of the last century Fischer commenced his work on the synthesis of the amino-acids and 
in 1901—1902 successfully synthesised ornithine and lysine. Fischer converted phthal- 
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imidopropylmalonic ester into phthalimido-«-bromovaleric acid by bromination. On 
replacement of the bromine by an amino-group with ammonia and removal of the phthalyl 
group by hydrolysis inactive ornithine was obtained. 

Sérensen improved on this method and rendered it more general by coupling phthalimi- 
domalonic esters with various halogen compounds. The products, after hydrolysis and 


Na 
(COE CN COSC Hy + RCl —> (COCR CONC, 


decarboxylation, yielded amino-acids of the composition NH,-CHR-CO,H. The yields 
obtained were good and Sérensen effected the synthesis of ornithine, proline, arginine 
(8-guanino-a-aminovaleric acid) and other amino-acids. His chief interest, however, lay 
in the analytical side. His first investigation in this field consisted in examining the 
accuracy of his predecessor’s method of nitrogen determination, which had been subjected 
to considerable criticism. He showed that with proper precautions Kjeldahl’s method was 
in fact extremely accurate. Even more exhaustive was Sérensen’s examination of a 
method of neutralising the amino-groups in proteins and polypeptides by formaldehyde 
according to the reaction "NH, —> -N:CH, prior to titration of the carboxyl groups present, 
areaction introduced by Schiff. Ina series of papers published under the title of Studies on 
Enzymes. I, the conditions for obtaining quantitative results were clearly laid down and 
thus the method was converted into a really quantitative one for following reactions such 
as proteolytic cleavage. Two years later, in 1909, appeared Sérensen’s most remarkable 
paper ‘‘ Studies on Enzymes. II ’’, a piece of work which must be considered one of the 
classics of exact physical chemistry. The important influence of acidity or basicity of the 
solution on the rate of enzyme action and on the stability of proteins had so impressed him 
that in this paper the subject of hydrogen-ion concentration was taken up with character- 
istic thoroughness. It had frequently been suggested that a new kind of chemistry should 
be introduced in which other laws peculiar to those of colloid chemistry should replace those 
of classical chemistry (cf. Loeb, “‘ Die Eiweissk6rper”’). It was partly due to the fact that 
investigations on protein solutions had been made before methods for the exact determina- 
tion of hydrogen-ion activities had been worked out that such extreme views found place in 
scientific literature. We are thus greatly indebted to Sérensen for his conservative outlook 
at a somewhat critical time in the development of colloid chemistry. It is, however, only 
fair to state that in many of the problems in which the colloid chemist is interested, he has 
to deal with non-reversible systems, 4.¢., suspended dynamic processes, whilst classical 
thermodynamics in chemistry is applicable only to thermodynamically reversible processes. 

In the first section the electrometric method of determining hydrogen ions is investi- 
gated. When a concentration chain js made up of platinum electrodes in contact with 
hydrogen gas at one atmosphere and two solutions of different hydrogen-ion concentrations, 


the electromotive force between the two electrodes is given by the well-known Nernst 
expression 
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where f, and f, are the activity coefficients of the electrolytes containing the hydrogen ions 
and zr is the liquid junction potential. We note that the hydrogen-ion activity of any solu- 
tion can be determined in terms of some standard solution and the experimental results give 


us directly the logarithm of the activity. Thus [x] = 10-7 can be written — log| H] = 7, 
Sérensen was quick to appreciate the value of expressing the acidity or basicity of a solution 


in terms of the logarithm of the concentration of hydrogen ions, writing — log [x] = 


+ 

PH = 7, now replaced by fg. Not only does it possess the advantage of typographic 
simplification, but the graphic representation of the effect of variation of hydrogen-ion 
concentration in terms of the logarithmic symbol on various properties which reflect the 
extent of dissociation yields a singularly symmetric curve with an abscissa of convenient 
range. 
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If the standard hydrogen electrode be taken as one in which the hydrogen-ion activity is 
unity, we obtain F(AV — m)/RT = py + log f for the solution under investigation. The 
problem of the activity coefficient, especially in electrolytes containing hydrogen ions, is 
one which has had a particular appeal to the Scandinavian scientists, as is revealed in the 
writings of Arrhenius, Bjerrum, Brénsted and Sérensen, and indeed Brénsted’s formulation 
for the activity coefficient in terms of the ionic strength does not differ markedly from the 
expression subsequently obtained by Debye and Hiickel. Sdrensen, however, assumed that 
the hydrogen-ion concentration in 0-1N-hydrochloric acid or in a mixture of 0-01N-hydro- 
chloric acid and 0-09N-potassium chloride could be calculated from conductivity data, 
obtaining 0-09165 (f, 1-038) and 0-009165 (p,, 2-038) respectively. We now know that the 
activity coefficient f and the conductivity coefficient f, are by no means identical and that in 
0-1N-hydrochloric acid the activity of the hydrogen ions is some 0-0841, giving a aq = 1-075. 
Thus for 0-1N-hydrochloric acid we obtain 


ban = Pu + 0-037 + F/RT 


where #y is the Sérensen value of the solution and z the liquid junction potential, which 
Sérensen later evaluated by a method due to Bjerrum. 

The salt “ errors” obtained by Sérensen in examining the behaviour of the hydrogen 
electrode in dilute hydrochloric acid in the presence of varying amounts of potassium 
chloride thus include both an activity coefficient and a liquid junction potential. Whilst 
numerous modern text books do not distinguish between the Sérensen exponent fy and 
the activity exponent fy, the latter is the one that is usually experimentally determined 
and it might prove desirable to redesignate py as the activity exponent, retaining Pry or 
P} for the original Sérensen concentration exponent. It is worth noting that the most 
accurate value for the dissociation constant of water determined by the electromotive force 
method obtained by Sérensen, gave Ki* = 0-73 x 10-14, a value in close accord with the 
present accepted value. After examining the errors which could arise in the determination 
of hydrogen ions with the hydrogen electrode, he proceeded to investigate indicators and 
was responsible for introducing «-naphtholphthalein, an indicator possessing a px value in 
the neighbourhood of neutrality (range _ 7-3 — 8-7). He greatly improved on the earlier 
work of Salm on the accuracy of the , determination by the indicator method. 

The errors inherent in the method lie, first, in accuracy of matching colour and, secondly, 
in the computation of the relationship between colour and fy. It is clearly preferable rather 
to match colours than to observe the appearance of or the commencement of a change in 
colour, as these are highly dependent on the physiological and psychological characteristics 
of the observer. A good example of this fact is to be found in the pg limits of colour range 
for p-dinitrophenol recorded by different observers, Sdrensen, Noyes and Fels. They are 
5-0—7-0, 4.0—6-5 and 6-13—6-75 respectively. This point was recognised by Sérensen, 
who insisted upon comparative methods and proposed a standard series of colours for 
addition to coloured liquids in order to obtain matching shades. The only salt error which 
can be made the subject of exact calculations is that caused by change in the ionic activity 
coefficient ; if fy and f, be the activity coefficients of the undissociated indicator (A) and 
that of the ions (A’), the colour of the solution is determined by (A)/(A’) and not by 

+ 


f,Alf,A; thus A/A’ = fH/K .f,/fo. The colour of an acid ion indicator thus indicates a less 
acid solution than reality in solutions of great ionic strength. In terms of the dissociation 
constant of the indicator 

bea = log K +.log (5 ) + log f;, indicator ion 


fy indicator 





where #,y is the Sérensen index of the activity of the hydrogenions. The activity coefficient 
of the indicator ions can be expressed in terms of the ionic strength » by means of the 
equation 


log fy = — AV u + By; 
whilst the coefficient A depends only on the valency of the ions, the value of B possesses 
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different values for different ions and must thus be the subject of experimental determin- 
ation. The following data obtained by Sérensen are of interest in this connection. 
pu in 
Method. ‘'H,O. 0-1N-KCl. 0-3N-KCl. 
EE ee ae a 2-01 
oe pelt Se ene Tee 2-22 


PID cides vasnccvenssesvesessss 2-28 
Te 1-99 


Sérensen even explored the small variation in py of a solution introduced by the addition of 
the indicator itself. 

A more serious error which arises in the determination of the fy in biological fluids was 
also exposed in the Carlsberg laboratories, viz., the protein error. Indicators, especially 
those which are of the colloidal electrolyte type, e.g., Congo-red, may be adsorbed, both 
neutral molecule and ion, by the protein. With unequal adsorption and the ratio varying 
as we move to either side of the isoelectric point of the protein, it is easy to understand how 
the protein error may vary in magnitude with the nature both of the indicator and of the 
protein, and with the #, of the solution. #-Nitrophenol is the one indicator least affected 


by protein error. The following figures from Sérensen’s data indicate the magnitude of the 
protein errors : 





pu in presence pin presence fg in presence 
Method. of albumin. of gelatin. of invertin. 
Electrometric .... Sesease ° 4-98 
Sodium alizarinsulphonate.. } 5-97 
ae > soadynsbeas ee 
IGE Seciich cid ice hivectes eesees 

In another section of this paper Sérensen gives an account of the preparation of suitable 
mixtures, termed “ Tampons” by Fernbach in 1900 and translated “‘ buffer”, for the 
accurate adjudgment of the #, of a solution, and we are indebted to him for his careful 
analysis of the buffering ranges of the borates, citrates, phosphates and glycine. It is a 
matter of some interest that, although several new buffer salts have been introduced since 
Sérensen’s time, his choice of salts still remains at the present time the favourite of many 
workers. 

In addition to the hydrogen electrode Sérensen made an exhaustive study of Biilmann’s 
quinhydrone electrode. Certain organic oxidation-reduction systems possess the property 
of being electromotively active, the system quinone-quinol being the first and prototype of 
many subsequently examined. ' 

The electromotive reaction involved may be written : 


C,H,0, + 2H + 2e = C,H, (OH), 
whence 


“ RT, folCeHs(O2)] ; ° 
AV =@+ oF 8 7 1CH(OH),] 0-059), (at 25°) 


The ratio of quinone to quinol can be kept constant by utilising the sparingly soluble 
dissociable quinhydrone. 

The salt errors in this electrode are introduced by the fact that salts affect the solubilities 
and hence the activities of quinone and quinol to unequal extents, 1.¢., /9/fo,, but according 
to Sérensen’s measurements with chlorides and sulphates the error is not serious below 
0-5m, being only 0-01, for 0-1n-hydrochloric acid made up to 0-2m with sodium chloride. 
The protein errors of this electrode, which are appreciable, were examined by Sérensen’s 
colleague and successor, Linderstrom-Lang. 

Whilst the , of dilute solutions of weak acids, bases and hydrolysable salts can be 
readily derived from simple equations based upon the law of mass action, the evaluation of 
the p, of an ampholyte by this method is not so simple. Sérensen required this information 
in his investigations on the isoelectric points of glycocoll, alanylglycine and phenylalanine. 
In glycocoll ampholyte k, = 1-8 x 10-1, k, = 2-7 x 10-™ and consequently the isoelectric 
point py = 6-09. 
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The mass law leads to an equation containing the fourth power of the hydrogen-ion 


activity : 
off) 


ae i 





ato +1= re 
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[H] — 


where C is the concentration of ampholyte. 

Sérensen succeeded in obtaining an effective solution to the equation by insertion of the 
experimental values of maxima and minima in the differential. In the last section of this 
remarkable piece of work, Sérensen gives examples of application of these methods of 
accurate determination of py to the enzyme reactions of invertase, catalase, and pepsin. 
This is, in fact, the commencement of what is now a large chapter in biochemistry and we are 
indebted to many workers in Scandinavia, especially Euler, for the continuation and 
extension of the work. 

The wide influence which “‘ Studies in Enzymes. II ” exerted on the scientific world is 
well exemplified by asmall anecdote. At the beginning of term some young Danish students 
observed a bewildered Chinese wandering about in Copenhagen. Apparently he could only 
speak Chinese with a few words of English. After lengthy cross-examination the word 
“ physiology ’’ was recognised, but the names of Danish scientists pronounced in Danish 
fashion produced no response. Finally a student wrote “ #,”’ on a piece of paper and was 
gratified to observe that it met with immediate recognition. The Chinese student was 
taken to Sérensen’s laboratory, where he was, in fact, expected. 

The stage was now set for Sérensen to commence work on the proteins, and it may be 
said that it was the stress laid on the importance of the salt content and f, of a solution 
containing protein that permitted Sérensen to become the pioneer in physical chemistry of 
the proteins. 

We must recollect that early in the century the late Sir William Hardy had noted that 
isoelectric serum protein when diluted or dialysed was no longer isoelectric and that “‘ ionic 
globulin ” appeared as an opalescent cloud ; this and similar observations led him to believe 
that the original protein was not a mixture, but a complex which was broken down into 
artificial products, the composition of which depended on the degree of dilution and nature 
of the salts present. Hardy’s observation appears to have been neglected until Sérensen 
took it up again. On re-examining the point, he discovered that with several purified 
proteins, especially serum albumin, dissolved in dilute salt solutions the amount of protein 
in apparent solution varied with the amount of solid phase present; likewise by proper 
fractionation he obtained a series of crystalline albumins with different chemical and 
physical properties which could be recombined again to yield a protein with the properties 
and composition of the original. 

The serum albumin thus behaves as if it were not a simple mixture but a system of 
dissociable complexes from which, under such conditions when the solubility product of 
any one particular complex is exceeded, it is precipitated. The composition of the 
precipitate will thus vary with the salt content and #, of the solution, which affect the 
concentration and solubility of all the possible complexes to different extents. 

We thus arrive at the concept of a division of proteins into two classes : those which are 
formed of dissociable complexes united by residual valencies, such as serum albumin or 
casein, and those which are stable units, such as hemoglobin, egg albumin, keratin, trypsin, 
and pe 

eetberg? s centrifugal analysis of the soluble proteins reveals the fact that the group of 
proteins which appear monodisperse with molecular weights some multiple of 34,500 are 
only so within certain limits of , and break down, frequently reversibly, on alteration of the 
py of the solution. The system hydrated egg albumin, water, ammonium sulphate with 
either ammonia or sulphuric acid in excess is a four-component system. Previous investi- 
gators had suggested that the solubility of the protein was dependent upon the quantity of 
solid protein present and thus an exception of the prediction of Gibbs’ phase rule. Since 
the separation and determination of the composition of the pure crystalline phase is not 
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possible by direct methods, Sérensen and his colleagues devoted much time and great skill 
to developing indirect methods of analysis. It was found that the crystals separating 
contained both excess water of hydration, some 0-22 g. per g. of egg albumin, and under 
certain conditions excess of either sulphate or ammonia. When this cause of variation of 
composition of the mother liquid was eliminated, the solubility was found to be independent 
of the amount of solid phase present. 

Sérensen succeeded in preparing globulin-free egg albumin, following with a slight 
modification Hopkins’ method of crystallisation at the isoelectric point from saturated 
ammonium sulphate. 

The isoelectric point as defined by Hardy, #.e., absence of mobility of a solution of 
ovalbumin in an electric field, is found when the solution is adjusted to py 4-8, but in such a 
solution, Sérensen pointed out, whilst the protein possesses no net charge, the number of 
hydrogen and hydroxyl ions set free (or adsorbed) will only be equal if no other ions are 
involved; and in ammonium sulphate solutions this is not the case. Again, the majority 
of proteins possess more acid than basic groups. He accordingly defined the isoionic point 
as that p, at which the combination of the protein with acid and with base in the am- 
monium sulphate salt solution isequal. He found the isoionic point ofcrystalline ovalbumin 
to be at 4-58; hence at the isoelectric point of $_4-8 the crystalline ovalbumin is obtained 
as the sulphate. This can be partly converted into the chloride or other salt by washing 
with a salt solution suitably adjusted to the fy. These suggestions of Sérensen concerning 
the isoelectric and isoionic points of egg albumin were tested and confirmed at a later date 
by Tiselius and applied by Adair to hemoglobin. The isoionic point is unaffected by the 
concentration of the protein or of the added salt over a considerablerange of concentrations 
and it is thus important as a means of characterising the proteins. 

Sérensen was the first to refine osmotic methods to the point where reliable osmotic 
pressures could be obtained for proteins, and with this material he showed, inter alia, that 
two solutions in ammonium sulphate of the same pg and composition exerted identical 
osmotic pressures, and that, since proteins were amphoteric, the osmotic pressure was 
dependent on the pg. 

In the theoretical part of the work, Sérensen discusses Donnan’s theory, and shows that 
as a consequence of this theory, it is possible—but not certain—that all of the observed 
osmotic pressure should be attributable to the protein, in systems where the protein is not 
far from the isoelectric point, and the salt concentration is high. He also discusses the 
methods for calculating the molecular weight of protein in a mixed solvent, in accordance 
with the formula 


a = (RT/Vo)(N. + $N2 a 3N; 


where N, is the molar fraction of egg albumin, and V, is the mean molal volume of the 
solvent. 

He found experimentally that the osmotic pressure was a continuous function of the 
concentration of protein, hydrogen ions and salts and the data led him to the conclusion 
that the particles of egg albumin underwent aggregation with increase in the concentration 
of ammonium sulphate. 

Sérensen obtained the value 44,000 for the molecular weight of egg albumin in 4-36% 
ammonium sulphate. It is interesting to note that, from one series of experiments with egg 
albumin in distilled water on which he did not lay much stress, he deduced a tentative value 
of 34,000, a figure which has subsequently been widely accepted as a definitive one; many 
authors, using either centrifugal or diffusion measurements, succeeded in obtaining the 
same value. Adair’s more recent careful work, however, in phosphate and acetate buffers 
suggests that this low value is in fact not correct, for Adair obtained values in the neigh- 
bourhood of 46,000. 

More recent ultra-centrifugal values in which sufficient time is given for attainment of 
equilibrium give 44,000 as the preferred value, and at the time of writing 45,000 can be 
taken as the best value for the molecular weight of egg albumin. 

Sérensen’s osmometric work on serum albumins and serum globulins led him to his 
conception of reversible dissociable systems which I have already referred to. It is of 
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interest to note that in the course of his work on horse serum albumin he isolated three 
fractions differing in solubility but of the same size and with the same titration curves. 
He made a tentative calculation of 45,000 for the molecular weight as a mere estimation of 
the order of magnitude. Burke’s as well as Adair’s more recent observations show that 
Sérensen’s experimental data are consistent with the value of 70,000 obtained by them. 

The importance of this osmometric work cannot be over-estimated, for it laid down the 
fundamental conditions, both theoretical and experimental, necessary for exact work and 
showed that the laws of solution were applicable to proteins, which must thus be regarded as 
macromolecules and not as micellar systems. We are thus indebted to Sérensen for first 
filling in the gap between the particulate suspensions examined by Perrin and the ordinary 
molecular solutions. As we know, this pioneer work has been brought to fruition by the 
careful work of Adair in this country. 

In this sketch it would be impossible even to enumerate the contributions which this 
indefatigable worker made to biochemical problems by his physico-chemical method of 
approach. I might refer to two only of especial interest. Towards the end of his life he 
carried out with his wife, Margrethe Sérensen, experiments on the solubility of the complex 
carbon monoxide-hemoglobin in ammonium sulphate and also investigated certain lipo- 
proteins. If the albumin fraction is separated from serum by means of half-saturated 
ammonium sulphate at py 3-8, it is found to be quite soluble in water at y 7 but to contain 
lipids such as lecithin and cholesterol esters. From this lipo-albumin the lipids cannot be 
extracted with ether until the complex is destroyed by hot alcohol. The linkage between 
lipid and protein was regarded by Sérensen as a non-polar or residual valency one. It is 
interesting to note that similar stable complexes can be formed in monolayers and the parts 
played respectively by the London dispersive forces and the dipolar electrostatic interaction 
can be evaluated, no evidence for a true covalent linkage being obtained. 

In his capacity of Director of the Carlsberg Laboratories, especially in later years when he 
had so many outside interests and State demands on his time, he covered a remarkable 
amount of ground, being blessed with an exceptionally good memory and a flair for system- 
atic organisation. One gathers from conversation with many of his co-workers, both 
native and foreign, that whilst at times he might be severe and demand hard work, he had 
that great gift of real enthusiasm for science which made him a great leader. 

Sérensen’s interests were wide. In addition to his scientific work he contributed to 
many technical and industrial processes and was Chairman of the Board of Directors of the 
Danish Spirit Industry, the Danish Yeast Industry and the Danish Explosives Factories 
Ltd. His influence on biology and medicine was great, not only on account of his own work, 
but also from the fact that he invited large numbers of foreign scientists to share his 
hospitality in the well-equipped Carlsberg Laboratories. He took a personal interest in 
medical problems, his name frequently appearing as examiner of Doctorate Theses. He 
likewise contributed to our knowledge of the treatment of digestive troubles, diabetes and 
epilepsy. Sdérensen was responsible in no small way for the place that Danish publications 
now hold in the world’s medical and scientific literature. 

He became President of the National Academy of Sciences and many honours were 
conferred upon him. As far as English Scientific Societies are concerned, he was made an 
Honorary Foreign Member of our Society in 1920, an Honorary Corresponding Member of 
the Institute of Brewing in 1927 and an Honorary Member of the Society of Chemical 
Industry in 1931. 

Finally one might mention that he was for many years President of Denmark’s Air Raid 
Defence Society. 

He died at the age of seventy-one after about a year’s illness and by his death the world 
loses a perfect example of a man whose devotion to scientific accuracy and consistency 
should serve as an example to many who, claiming to be scientific in this ever-accelerating 
age of speed, serve their science badly by neglecting the solid in their search for the super- 
ficial and spectacular. Those who are not scientists might well pause and reflect on the 
high standard of living in Scandinavian countries due in great measure to the concern of 
such scientists as Sérensen in the State, and to the State in appreciating the réle of science 
in industry and agriculture. Here we have much to learn from Scandinavia. It may well 
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be that the spirit of science endows scientists with an essentially Grecian outlook on life. 
Large modern States in which representative government exists are essentially Roman in 
concept and in design. The administrative machinery of such States is such as to permit 
of a greater degree of co-operative service than is possible in the newer systems based on the 
“ Fuehrer Prinzip ”’ which appear to involve essentially an impressed and devolutionary 
Platonism. Whilst it is possible in this system to achieve a ready application of known 
scientific principles in all the activities of the State, it does essentially stultify the growth 
of scientific thought, if not cause its eventual cessation. The advantage to be gained by its 
adoption is clearly only temporary and we must, for a solution, find some method of 
preserving the Greek spirit in a Roman body, an elastic member in a rigid frame-work. 
We see from Sérensen’s life that this has been possible in Denmark. The more highly 
developed and organised a large State becomes, the more difficult it appears to foster that 
co-operative spirit which is the best method by which Science can aid the State and still 
remain true to its ideals. This is our immediate problem. 

I am deeply indebted to Prof. K. Linderstrom-Lang and to Dr. G. S. Adair for the assist- 
ance that they have given me in furnishing me with many details concerning Sérensen’s 
life and work. 
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OBITUARY NOTICES. 


DOUGLAS HERIOT BAIRD. 
1883—1940. 


WirtH the death, on January 3rd, of Douglas Baird, Managing Director of Messrs. Baird and 
Tatlock (London), Ltd., and of Messrs. Hopkin and Williams, Ltd., one of the best known 
personalities has passed from the industrial side of British science. The country also has 
lost a man who will be difficult to replace at a time when science and industry are putting 
out their maximum effort, for it was during the last war that he performed valuable service 
as the connecting link between the scientist and the manufacturer. 

Educated at Charterhouse, and then at the University of London, and at Karlsruhe 
(under Engler), he was well equipped for his life’s work when in 1903 he first entered the 
firm, then under the management of his father, Hugh Harper Baird, who had founded it in 
1879. 

He succeeded his father as Managing Director in 1912, and carried on the tradition of 
making his business a personal one. In this connection it may be said that there are few 
scientists of eminence whom he had not met in the course of his career, many of them being 
his personal friends. 

During the war, 1914—1918, at the request of the War Office, he undertook, rather 
unwillingly, the erection of a factory for filling gas shells at Walthamstow. This he did 
in no way as a matter of business, as the work involved in keeping up supplies from his 
firm to the various War Departments might have rightly been considered full-time war 
work. The factory was designed, erected, and producing all in the course of a few weeks. 

As Chairman of Duroglass Ltd. he was also instrumental in assisting to establish the 
manufacture, in Britain, of chemical and graduated glassware, which he aptly described as , 
a ‘‘ master key industry.” 

Among other war-time activities, he was responsible to a great extent for the mobile 
bacteriological and hygiene laboratories, which are now part of the mobilisation equipment 
of our own and other armies, and on which the health of the troops in the field in a great 
measure depends. 

For his war services, in the course of which he was severely gassed at Walthamstow, he 
was created Commander of the British Empire. 

After the war, his vision showed him that British science must never again be dependent 
on supplies of apparatus and chemicals from the Continent. As Chairman of the British 
Chemical Ware Association, a post which he held for a number of years, he was largely 
responsible for putting the industry under the protection of the Safeguarding of Industries 
Act. 

In his capacity of Managing Director of Messrs Hopkin and Williams, Ltd., of which 
Company his firm acquired the controlling interest in 1930, he made his mark in the sphere 
of fine chemicals. By the part he played in the establishment of “‘ AnalaR ”’ standards for 
laboratory reagents, and by employing only qualified chemists and chemical engineers in 
the laboratories he controlled, he went far to transfer the source of reagents, with a guaran- 
teed and published degree of purity, from the Continent to this country. 

As a man, his outstanding characteristics were his tireless energy, his largeness of heart, 
and the wideness of his knowledge and interests. No one who met him will fail to remem- 
ber his personal charm, and the keenness with which he listened to any problem involving 
design of laboratories, before he set about finding the solution. He was widely travelled, 
his business tours including India, Egypt, Burma, Canada and South Africa, during which 
he visited all possible laboratories and scientific institutions, to make a special study of 
local conditions and problems. In this way he was enabled to foresee coming demands, 
and to meet the special requirements of Empire scientists. He also visited the Continent 
on many occasions in order to keep up to date with the latest developments in laboratory 
design, in which he specialised. 

His interests outside his work included winter sports and swimming, at which he was a 
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fine performer, botany, gardening, British and Colonial stamps, besides shooting and 
fishing during his all too short stays on his Perthshire property. 

A member of his old School Lodge among others he was a keen Mason, who had advanced 
far on the Way, and was specially interested in the speculative side of the Craft. 

His eldest son, Hugh Heriot Baird, has been a Director of the firm for several years, and 
is now serving as a Sub.-Lieut. R.N.V.R. with H.M. Forces at sea. 

Douglas Baird was elected a Fellow of the Society on December 7th, 1916. 

E. F. C. 





WILLIAM ALEXANDER SKEEN CALDER. 
1874—1940. 


W. A. S. CALDER died suddenly at Worthing on January 6th. He was born in London of 
Scottish parents and was educated at Wilson’s Grammar School, Camberwell. Before 
beginning to take up the study of chemistry as his profession, he had valuable business 
experience with Mr. H. Vavasseur, a London East India merchant. The years 1889— 
1891 were spent at the Royal College of Science, the Royal School of Mines, and King’s 
College, London, where he had a thorough grounding in chemistry, physics, and engineering. 
During the next year he was assistant to Mr. R. H. Harland, F.I.C., consulting chemist 
and public analyst, in practice in the City of London. 

Thence in 1892 he went to his first industrial post, as chemist to F. C. Hills and Co., 
sulphuric acid manufacturers, of Deptford and East Greenwich, where he worked until 
1899. In that year he was invited by Mr. R. G. Perry to go as chief chemist to Chance 
and Hunt, Ltd., Oldbury, where he remained until his retirement, becoming Managing 
Director in 1917. Chance and Hunt were absorbed by Brunner, Mond and Co., in 1920, 
and became merged in Imperial Chemical Industries, Ltd., in 1927. Calder became a 
member of the Delegate Board of the General Chemical Group of I.C.I. and chairman of the 
Control Committee of the Midland and South Wales Division of the Group. 

Of the development of the factory at Oldbury under his management much could be 
written. He invented, with Dr. C. C. Fox, the Calder-Fox scrubber for removing liquids 
and solids from industrial gases. But it is no disparagement to his chemical and engineer- 
ing abilities to say that it is the human side of Calder’s character that will be remembered 
and cherished by his many friends. To Calder the employees at the factory were not so 
many cogs in the production machine, but fellow men whose welfare was an essential part 
of his duties. He was always concerned with improvements in the arrangements for first 
aid at the works and many a time the wife of a sick workman was cheered by a visit and a 
kindly word from Calder. He never forgot an acquaintance, and speaking about one man 
to another, it was always the best qualities that were remembered. His was a very lovable 
nature, and it is doubtful whether any chemist of recent years will be missed by a wider 
circle of friends than he. 

Calder was a member of many chemical organisations, and a regular attendant at their 
meetings and social functions. His witty addresses and speeches, the latter often impromptu, 
will be long remembered by those who heard them. At the time of his death he was 
President of the Institute of Chemistry. He had been President of the Society of Chemical 
Industry in 1935—36 and President of the Institution of Chemical Engineers in 1931—32. 
He was elected a Fellow of the Chemical Society in 1891, and served on the Council from 
1935 to 1938. F. P. Dunn. 





PRINCE GINORI CONTI. 
1865—1939. 


Piero Ginort Cont1, Prince of Trevignano, D. Soc. Sc., D. Sc. h.c., may be considered as 
one of the pioneers of the evolution of chemistry in Italy. 

He was born in Florence, the capital of Toscana, on June 3rd, 1865, and died in the same 
town on December 3rd, 1939. 
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After finishing his college studies, he took his degrees of Social Science, in 1888, at the 
Istituto Cesare Alfieri. 

He served as a volunteer in the Genova Regiment of Cavalry, and afterwards for some 
time studied social problems. In 1894 he married the Countess Adrienne de Larderel, and 
his activities then took quite another direction. He became interested in the production 
of boric acid, an industry which had existed for a long time in the district of Larderello. 
He drew plans for a large-scale development of that industry and suggested the extraction 
not only of boric acid, but of all the other products of this volcanic soil. He invented a 
method of utilising the volcanic steam of the “ soffioni”’ as a source of electric power, and 
was the founder and Chairman of the Societa Boracifera di Larderello. 

Prince Ginori Conti realised with exceptional tenacity and wideness of mind the immense 
programme of work he had conceived. In course of time he added to the extraction of 
boric acid that of ammonia, carbon dioxide (solid), and rare gas. . Under his energetic 
leadership, the steam jets, spurting out of the earth with the sound of thunder, were capped 
to furnish electric power to all the region of Larderello. This large industrial enterprise was 
later taken in charge by the State. 

The tireless and multiform activities of Prince Ginori Conti led him to found in his 
country two important research bodies: an Optical Institute, designed to render Italy 
independent of foreign imports as far as optics are concerned ; and an Institute for the study 
of the various applications of boron and silicon compounds. 

Having fully perceived all the inconveniences from which Italian chemists suffered 
owing to their lack of co-operation, Prince Ginori Conti was, in 1919, one of the founders of 
the Associazione Italiana di Chimica, of which he became Chairman in 1922. It is mostly 
due to this Association that collaboration between science and technology was realised in 
Italy and has borne the remarkable results we admire to-day. 

Prince Ginori Conti also took an important part in the organisation of the triennial 
chemical congresses, the first of which was held in Rome in May, 1923. He was Chairman 
of the Federazione Industriali Chimica, and represented Italy with great authority on 
various committees of the International Union of Chemistry. 

The social and civic activities of Prince Ginori Conti must not remain unmentioned ; 
he was concerned with the creation and direction of many schools, with the improvement of 
methods of cultivation in Toscana, and with the foundation of philanthropic establishments, 
etc. 

Conscious of the political duties of his social position, he was elected Deputy, and after- 
wards Senator, and was Vice-President of the Provincial Council of Corporative Economy, of 
Florence. A few months before his death, he was granted by Mussolini the title of Minister 
of State. 

Prince Ginori Conti was a Member of the Mineralogical Section of the famous Reale 
Accademia Nazionale dei Lincei. He was elected a Fellow of the Chemical Society on 

December 6th, 1923; he was also an Honorary Member of the Society of Chemical Industry 
and a Member of the Institution of Chemical Engineers and of the Ceramic Society. He 
was a foreign Honorary Member of the Royal Institution and of the Royal Society of Arts. 
J. GERARD. 





HARRY MEDFORTH DAWSON. 
1876—1939. 


Harry MEDFORTH Dawson was born in Bramley, Leeds, in 1876, and throughout his 
career was associated closely with his home city. Indeed with the exception of three years 
of Continental study he spent the whole of his working life in the University of Leeds, 
known in its early days as the Yorkshire College. 

Educated at the Leeds Modern School, he gained a Baines Scholarship at the Yorkshire 
College and began life as a student in 1891 at the early age of fifteen. 


Here he was attracted to the study of chemistry by the teaching of Arthur Smithells, 


who a few years previously-had succeeded Sir Edward Thorpe in the Chair of Chemistry. 
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To the influence and guidance of Smithells, not only in his student days, but later when he 
was a member of the chemistry staff, Dawson always acknowledged that he owed a great 
deal. It was probably due to his collaboration with Smithells in one of his well-known 
investigations on flame that Dawson’s interests were turned towards chemistry and chemical 
research as his career, for in his last year as a student he helped in a research on the 
conductivity and luminosity of flames containing salt vapours. This work was completed 
and published a few years later in the Philosophical Transactions of the Royal Society in the 
names of A. Smithells, H. M. Dawson and H. A. Wilson. 

After graduating B.Sc. London in 1896, Dawson gained an 1851 Exhibition, the highest 
distinction then open to a student, and he proceeded to Germany, where he studied for three 
years, mainly with van ’t Hoff in Berlin but also at Giessen with Elbs, at Leipzig, and with 
Abegg at Breslau. 

It is evident that he made full use of his opportunities. Within two years he published 
two papers jointly with van ’t Hoff, nearly finished a third, and was well on the way with 
a more comprehensive work which later was presented to the University of Giessen in 
dissertation form for the German doctorate. 

It is not surprising that with so much to his credit the 1851 Commissioners renewed his 
Exhibition for a third year—an unusual honour. 

Dawson was fortunate in visiting Germany in the decade immediately following those 
fundamental advances in the knowledge of solutions associated with the names of van ’t 
Hoff, Arrhenius, Ostwald, Nernst and others. The application of kinetic and thermo- 
dynamic principles to chemical equilibria and to dilute solutions by van ’t Hoff, coupled 
with the theory of electrolytic dissociation, had given a new stimulus to the study of almost 
every branch of chemistry. New ideas were in the air. Ostwald by his teaching and 
writings had presented the science in an entirely fresh light. Students of many nationalities 
were attracted to the research laboratories at Leipzig and Berlin to learn first-hand the new 
physical chemistry. Research in this new field was rapidly yielding fruitful results in 
many directions. It was a time of enthusiasm and quick progress. Work at this period 
in the German laboratories was a stimulating experience to a young man, and Dawson's 
natural gifts developed and expanded so that at the end of his time abroad he had gained a 
passion for research which held him all his days and which later vicissitudes and distractions 
were powerless to diminish. 

In Berlin, where his fellow-countryman and senior, Donnan, was at this time prominent, 
Dawson took part in the general investigations on the mode of formation of oceanic salt 
deposits then engaging the attention of van ’t Hoff and his collaborators. His contribution 
to this comprehensive scheme of research was an investigation of the effect of pressure on 
the formation of tachydrite, the double hydrated chloride of magnesium and calcium, which 
at normal pressure is formed from the two chlorides at 22° according to the scheme 


2MgCl,,6H,O + CaCl,,6H,O = Mg,CaCl,,12H,O + 6H,O 


Increase of pressure raises the transition point. The rise observed was found to be small 
but in satisfactory agreement with that calculated thermodynamically. This work later 
was published as his “ doktor arbeit.”’ 

Returning to England in 1899, he was appointed to the chemistry staff of the Yorkshire 
College as demonstrator in physical chemistry. Six years later in 1905 he was promoted 
to lecturer and in 1907 the degree of D.Sc. was conferred on him by the University. Although 
at this period of his career much of his energy was given to teaching, he always found time 
for research and soon the output of the Chemistry Department was augmented by a steady 
stream of papers of high merit dealing largely with various aspects of chemical equilibria 
and complex ion formation in solution. Year after year this flow of original publications 
came from his laboratory and in the course of his working life he published, either in his 
own name or jointly with his students, 119 papers. The majority of these appeared in the 
Journal, and for a number of years his articles on the progress of physical chemistry were a 
feature of its Annual Reports. 

Whilst the elucidation of the many problems connected with solutions was the dominant 
interest of his life, he combined in a remarkable way the gifts of the successful teacher with 
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the mental outlook of the discoverer of new knowledge. Gradually he built up the teaching 
of physical chemistry until the subject was recognised in the University curriculum as one 
of primary importance not only for the chemistry student but also for students of many 
branches of technology and of medicine. With the growing recognition of his scientific 
work and of his services to the University, it is hardly surprising that in 1920 a Chair of 
Physical Chemistry was instituted to which Dawson was appointed. 

As a teacher Dawson had few equals. His lectures were greatly appreciated alike by 
advanced and elementary students. He possessed to a high degree the gift of logical and 
lucid exposition and he will be remembered by many generations of students as a friend 
and a guide in the intricacies of a difficult subject and as one who spared no effort in 
promoting their progress and welfare. 

After his appointment as professor, departmental responsibilities and administrative 
duties made considerable demands on his spare time, but although his primary imterests 
lay in the advancement of his subject he served the University of Leeds loyally and well in 
many directions. For some years he was Dean of the Faculty of Science and Chairman of 
and Council Representative of Convocation. He took a keen interest in elementary educa- 
tion and acted for a long period as the Leeds representative on the Joint Matriculation 
Board of the Northern Universities. He played an important part, too, on many Senate 
committees, where his good judgment, even temper and detachment gained the respect and 
admiration of all his colleagues. 

Many friends both within and without the University will recall his happy association 
with the Priestley Club. This society, founded many years ago, is distinguished by the 
wide range of its scientific interests and the friendly spirit of informality and good fellow- 
ship that animates its meetings. Dawson did much to preserve its traditions and was at 
his best as genial secretary at its discussions. 

These many activities and interests were not allowed in any way to limit his scientific 
work. As his old friend and colleague, Professor J. W. Cobb, testified, Dawson throughout 
this time was an indefatigable worker whose laboratory light was shining on most evenings 
and who seemed to regard University vacations as a provision for minimising interruptions 
to research work. In the end, however, those long hours of unremitting effort told on 
his health and contributed to the illness which terminated his life before he had reached 
the normal age for retirement. He was happy, however, in having accomplished in a large 
measure and with outstanding success the comprehensive programme of scientific work 
envisaged in earlier years and to have gained the recognition and appreciation of his scien- 
tific colleagues in all parts of the world. 

The researches carried out in his laboratory form a contribution to physical chemistry 
of significance and importance. His earlier work was connected with various aspects of 
chemical equilibria, in which his interest had been aroused as a research student in van 't 
Hoff’s laboratory. The most noteworthy of these researches dealt with the phenomenon 
of complex icn formation, which at that time had been but little studied. The cupram- 
monium compounds were first investigated. By means of distribution experiments he 
gave a clear proof of the existence of the complex ion (Cu,4NH,)** in ammoniacal copper 
sulphate solutions, and he examined in some detail the conditions which govern the extent 
to which this is present. The other group of compounds in which he was interested at this 
time was the polyiodides. The pioneering work of Jakowkin related to aqueous solutions, 
where he had shown the existence of the tri-iodide KI,. Dawson extended the observations 
to organic solvents, where he found the tendency to polyiodide formation is much more 
pronounced, since under appropriate conditions, as, for example, in nitrobenzene solution, 
the higher polyiodides KI;, KI, and KI, all exist in significant proportions. It says much 
for Dawson’s tenacity of purpose that shortly before his death he returned to the study of 
these compounds. 

It was not until 1909 that Dawson turned his attention to the dynamics of chemical 
reactions in solution, but this was to become his chief interest throughout the remainder 
of his life. The reaction first chosen was the isomeric change of acetone in aqueous  solu- 
tion, which can be followed in the presence of iodine which reacts with the enol form. The 
problem he set himself in the first instance was an exact analysis of the processes involved 
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when this reaction is catalysed by acids. It was no easy problem and Dawson recognised 
that its solution required the accumulation of a large amount of accurate quantitative 
data. Dawson never believed in the policy of obtaining quick results on the basis of a few 
sketchy experiments. By 1913 he had established for a number of acid catalysts that the 
acid acts in a dual capacity, since he found that measurable catalytic properties are asso- 
ciated not only with the hydrions which it produces in solution, but also with the molecules 
of the acid itself. This view had been held abroad for some years, but at this time it 
was not generally accepted. Dawson now put the matter beyond any real doubt by 
disentangling and measuring these two catalytic effects. 

A logical development of this work was the investigation of the catalytic properties of 
mixtures containing a weak acid and the corresponding salt, but this was scarcely com- 
menced before the Great War intetrupted normal research activities. It was not resumed 
till some years after the war. In the meantime Brénsted’s work had done much to clarify 
the ideas as to the nature of salt action generally, and progress was now rapid. It was 
described in about twenty-five papers published in the Journal between 1926 and 1931 
under the general title “‘ Acid and Salt Effects in Catalysed Reactions.” The first paper of 
this series marked a great advance, for it was now shown that the dual theory offered at 
the best but a partial explanation of the facts, for a catalysing acid could act in yet a third 
capacity, this in virtue of the basic anions to which it can give rise. This led Dawson to 
formulate his multiple theory, which is not so much a repudiation as an extension of the 
older theory. Primarily, it recognises as a potential catalyst not only the traditional acid 
and base, hydrion and hydroxyl ion, but also any molecule or ion which is acidic or basic 
in the wider sense of being able either to donate or to accept a proton. This is of great 
importance, for if it is regarded as a necessary consequence of the Lowry—Brénsted classifica- 
tion of acids and bases, it provides at the same time the most convincing justification for 
this view. It is important to note that in each stage of the evolution of the modern 
concept of acids and bases from the original theory of Ostwald, Dawson played a vitally 
important part, and indeed, this is probably his most valuable contribution to science. 

On the more quantitative side the multiple theory requires the strict additivity of 
catalytic effects and a proportionality between reaction rate and volume concentration. 
The second of these postulates was for a time the subject of dispute. One of the reactions 
Dawson studied particularly from this point of view was the conversion of N-chloroacet- 
anilide into the corresponding nuclear-substituted isomers. This takes place in aqueous 
solution under the specific influence of hydrochloric acid. Dawson’s paper published in 
1932 will certainly rank as a classic. By a very ingenious method he proved that the 
reaction does not involve hydrions and chloride ions, as had naturally been supposed, but 
undissociated hydrogen chloride, although this can be present only to the most minute 
extent. The velocity of the reaction is determined by the concentration of the hydrogen 
chloride, and contrary to some contemporary theories, is in no way related to thermo- 
dynamic activities. 

This was one of the few occasions on which Dawson was engaged in a controversy. It 
was characteristic of him that he refrained from expressing an opinion until he had examined 
a question in detail, and until he felt sure he was in possession of all the relevant facts. As 
a consequence his views on both scientific and other matters were authoritative, and during 
his lifetime he found remarkably little to retract. 

Dawson was much interested in examining the consequences which follow from the 
multiple theory. Of these, the catenary curves are perhaps the most noteworthy. A curve 
of this type results when #, is plotted against velocity of reaction for a series of mixtures 
in which the concentration of the catalysing acid HA is the same for all, while that of the 
anion A’ is varied, the apex of the curve corresponding to the point of minimum velocity. 
In general, the equation of the catenary depends on the experimental circumstances, but 
Dawson found that it was possible to derive a general or reduced catenary, which should 
apply impartially to all acid- and base-catalysed reactions and under all conceivable ex- 
perimental conditions. This was a generalisation of great simplicity and Dawson regarded 
its realisation in practice as a striking proof of the correctness of his views. 

Other papers published about this time dealt with the determination of acid dissociation 
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constants by means of catalytic measurements. The method is an old one in principle, 
but had fallen into disrepute on the rejection of the hydrion theory of acid catalysis. 
Dawson was now in a position to define the conditions under which it might safely be 
employed, and it proved to be of great use in his investigation of the influence of salts on 
acid strength. He found that on the addition of an inert salt the strength of an acid 
increases, at first rapidly and then more slowly, until a maximum is reached; still higher 
concentrations of salt now bring about a progressive decrease in the strength of the acid. 
These changes are summarised in the empirical equation 


log 5 = aVx — bx, 


where K, and K, represent the dissociation constant of the acid in x-molar salt solution and 
in water, and a and } are constants. It is of interest that the Debye—Hiickel interionic 
attraction theory predicts an equation of this form, but assigns a different value to the 
constant a, and hence does not account quantitatively for the experimental results. 

During the last few years of his life Dawson took up the study of the hydrolysis of the 
chloro- and bromo-acetates. These reactions are extraordinarily complicated. Not only 
are concurrent and consecutive reactions involved, but further difficulties arise through 
the formation during the reaction of complex intermediates. This was the kind of problem 
in which Dawson delighted, and he set to work to devise a suitable method of attack. 
Realising that a complete solution was impossible, he limited the analysis to the “‘ idealised ”’ 
reaction, which corresponds to the course the reaction would take in the absence of complex 
formation. He then showed how this idealised reaction could be reproduced in all its 
stages by the use of synthetic solutions containing the various interacting species in pre- 
determined amounts. The conception of the idealised reaction is a notable one and 
should be of great value in the further study of complex reactions. In the case of the 
hydrolysis of sodium bromoacetate, the idealised hydrolysis represented by the simple 
stoicheiometric equation 


CH,Br-CO,Na + H,O = CH,(OH)-CO,H + NaBr 
actually involves six distinct bimolecular processes and can be completely accounted for 
on this basis. 

Dawson published altogether well over a hundred experimental papers, the majority 
of which were in collaboration. A long succession of research students received at his 
hands a training in scientific method which could scarcely be surpassed. All who worked 
with him were attracted by his genial and kindly personality, and none could fail to be 
impressed by his complete honesty of mind and by the high, almost exacting, standards he 
set in scientific work. He had an almost uncanny faculty of detecting a flaw either in 
argument or in procedure; if Dawson approved of a paper for publication, there was little 
to fear in the way of criticism from the rest of the scientific world. 

In his chosen field of chemical kinetics Dawson was pre-eminent, and here he has 
established a tradition which will not be easily maintained. He is assured of a worthy 
place in the history of the science to which he was devoted. 

Dawson was fortunate too in his family life. In 1907 he married Miss Phillis Mary 
Barr and she, with three sons and two daughters, survives him. This happy home circle 
formed a background of helpful sympathy to a life devoted wholeheartedly to science and 
to the service of his University. 

R. WHYTLAW GRAY. 
G. F. SMITH. 





JOHN HAYCOCK. 
1884—1939. 


Joun Haycock, whose death at the age of 55 took place suddenly on June 5th, 1939, at 
Arnside whilst he was on holiday, was educated at Great Glen School and at Alderman 
Newton’s Higher Grade School, Leicester. He subsequently attended the Technical 
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School, Leicester, and University College, Nottingham. He qualified as Chemist and 
Druggist in January 1908 and as Pharmaceutical Chemist in July, 1909. In 1908 he was 
engaged in the analytical laboratory of Messrs. Howard Lloyd and Co., Ltd., Leicester, 

and in 1924 was appointed Chief Chemist to Messrs. E. W. Sleath and Co., of Manchester, 
and at the time of his death was a Director of the Company. 

Apart from his work, Haycock’s main interests were cricket and music, and he was 
for many years Organist at the Salem Methodist Church near Manchester. 

He was a Fellow of the Institute of Chemistry and was elected a Fellow of the Chemical 
Society on June 16th, 1910. 
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d GEORGE WILLIAM THOMAS HORROD. 
c 1882—1939. 
GrorcE WiLL1AM THoMas Horrop died at his home at Pinner on December 26th, 1939. 
“ His father was a Hills Prizeman of the Pharmaceutical Society and he himself chose 
ly pharmacy as the starting point of his career. Educated at the Regent Street Polytechnic 
h School, where he experienced the influence and valued friendship of Quinton Hogg, he 
ae received his professional training at the Brixton School of Pharmacy. He qualified in 
k. 1904 and after early experience with the Portland Cement Co. at Gravesend and then with 
” Burroughs Wellcome and Co., he joined Messrs. Fassett and Johnson. 
- He travelled extensively abroad for this firm and became a Director before resigning 
ts in 1922. For some time his interests had been developing on the legal side and he character- 
ont istically gratified his ambition of being “called” to the Bar by joining the Middle 
ad Temple as a student and passing the qualifying examination in the relatively short 
he period of eighteen months. Regulations prevented his being “called” for a further 
ale eighteen months and during this period he gained experience in the chambers of the 
late Sir Duncan Kerly—the great authority on trade mark law. 
He abandoned his intention to practise, on account of private responsibilities, and was 
appointed to the post of General Manager of Bayer Products, which had at that time 
for come under the control of Drug Incorporated of America. 

Five years later, after a further short period at the Bar, he became General Manager 
ity of Benger’s Foods, Ltd., and was supervising the erection of their new factory at Holmes 
his Chapel, when serious ill-health encroached and forced him, after a long struggle on his part, 
ced to give up his activities. 

be Early in 1939 he felt fully recovered and retirement seemed irksome; he joined the 
; he staff of Glaxo Laboratories, Ltd., where his interests, marching with his inclinations, were 
- in mainly legal. Ill-health, however, again intervened, a further operation became necessary 
ttle and from this he never fully recovered. 

Among other activities, he spent a short period after his call to the Bar as Assistant 
has Secretary to the Federation of Master Printers, and later contributed the section on 
thy Medicine and Pharmacy to Halsbury’s “‘ Statutes of England.” 

Intellectually, he was a man of wide interests and much activity and his personal 
lary qualities were marked by an intense sincerity and a most affectionate, though retiring, 
ircle nature, 
and He leaves a widow and a son. 

He was elected a Fellow of the Chemical Society on December Ist, 1904. 

Y. 
MORRIS CHARLES LAMB. 
1877—1940. 
Morris CHARLES Lams died on January 16th at the age of 63 years. He had a few years 
9, at previously retired from his position as Principal of Leathersellers’ Technical College. 
‘man He entered Yorkshire College, now Leeds University, as a student-assistant to the late 


Professor R. H. Procter, F.R.S., in 1892 and later became demonstrator in the Leather 
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Department. He afterwards received an appointment at Herold’s Institute, Bermondsey, 
under Dr. J. Gordon Parker to give instruction on the manufacture of light leathers. 
Herold’s Institute subsequently developed into Leathersellers’ Technical College and 
Lamb was firstly head of the light leather department and afterwards Principal, a post he 
held from 1927 to 1936. 

Lamb’s interest in chemistry was essentially on the technical side. He wrote two books 
on the manufacture of light leather, namely, ‘‘ Leather Dressing ’’ and ‘“‘ The Manufacture 
of Chrome Leather.” Lamb was well known in the leather trade and had a high reputation 
with tanners, particularly with regard to his knowledge of the practical problems of leather 
dyeing and finishing. 

He also took considerable interest in the organisations of the leather trade. He was 
for a time (with Dr. Gordon Parker) joint Hon. Secretary to the original International 
Association of Leather Trades Chemists and during the last war edited the English edition 
of the Association’s journal Collegium. 

He was President of the British Section of the Society in 1935—36. He also took an 
active part in founding the London Section of the Society of Dyers and Colourists and, in 
1919, shared with G. F. Cross and E. V. Greenwood the Dyers’ Company Research Medal 
for a thesis on ‘‘ Colloidal Tannin Compounds and their Applications.” 

He was elected a Fellow of the Society on December 6th, 1900. D. JorDAN-LLOYD. 








HAROLD THEODORE G. VAN DER LINDE. 
1861—1937. 


HAROLD THEODORE G. VAN DER LINDE, who died in Canada on July 23rd, 1937, aged 76, 
although born and educated in Britain, spent most of his life in the Dominion, where he 
played an important part in the development of the rubber industry. His mother was an 
Englishwoman ; his father, Theodore van der Linde, born at Rotterdam, and later a natural- 
ised British subject, was at one time connected in an engineering capacity with laying the 
first cable across the Atlantic, whither in time the son went to live. Later, the father 
graduated in medicine at the Univeristy of Edinburgh. The son, born on August 14th, 
1861, after receiving his early education in or near Plymouth, followed his father’s foot- 
steps in entering upon the study of medicine at Edinburgh. Before completing his course, 
however, he went, in the middle ’eighties, to the United States, to join his brother, who had 
preceded him there. ~ 

For some years he worked for Edison, on storage batteries for tram cars and on in- 
candescent lamps. Then, in 1889, he went, still with the Edison Company, first to Sher- 
brooke, Quebec, and later, when the works were moved, to Peterborough, Ontario. During 
this period, which ran to 1893, he became specially interested in rubber, through his 
concern with insulated wire. 

For the sixteen years 1893 to 1909 he was associated with the rubber manufacturing 
firm, the Gutta Percha and Rubber Company, Ltd., Toronto. Here, in 1893, he opened the 
first laboratory in the rubber industry in Canada, and was responsible for much pioneering 
technical work, both on the scientific control of rubber manufacturing and on new develop- 
ments. In regard to control, he was, for example, responsible for great advances in the 
specifications to which ingredients used in rubber mixes were supplied, and stressed the 
importance of a fine state of sub-division in fillers, which at the time was never better than 
80 mesh. In regard to development, he was a pioneer in the use of alkali in reclaiming 
rubber, which was used on a commercial scale for the first time at the Toronto works, 
although he failed to patent his development. 

In 1909 he became actively connected with the exploitation of the native Mexican 
shrub which yields guayule rubber, and he contributed much to the improvement of 
technical practice. It is of passing interest to note that not only had van der Linde a 
number of young Canadian chemists with him in Mexico, but that two other Canadians 
were also connected with guayule at this time, namely, F. E. Lloyd, later Professor of 











—, ~~ aoe 


tm @W 2 othr Sm mee A 


oOo wm 





[1940] Obituary Notices. 57] 


Botany, McGill University, and W. B. Macallum, a botanist, who has devoted his life to 
breeding strains of guayule adapted to the climate of California. Most of van der Linde’s 
few publications refer to his activities at this time (J. Soc. Chem. Ind., 1910, 28, 1283; 
US. Pat. 979,902). Revolutions having destroyed shrubs and equipment, he left Mexico, 
and joined a rubber manufacturing firm in the United States. Here, in 1912, he developed 
what is probably the first low-pressure tyre. It was not a balloon tyre in the modern sense, 
since it was designed to fit a standard rim, but, like the balloon, it had a maximum surface 
in contact with the road and carried only fifteen pounds pressure. It was called the 
“ Gripground.” 

During the greater part of the last war van der Linde devoted himself to the manu- 
facture of picric acid in the United States. He then returned to Canada, and established 
companies, first to manufacture phenolic plastics (the first establishment of such manufacture 
in Canada) and then rubber goods. Both these companies ultimately fell victims to the 
post-war slump, and from 1922 onwards van der Linde was engaged in the business of 
dealing in raw materials for the rubber industry. 

He was a prominent and much-loved personality in Canadian chemical circles, and had 
a good deal to do with the establishment of the first organisation of chemists there—the 
Toronto Branch of the Society of Chemical Industry. He was a man of charm and appeal, 
with a face that was at once whimsical and distinguished in aspect; a man one is glad to 
have known, even though, as in the writer’s case, only for a few years. I remember the 
way, humorous yet tolerant, in which, the first time I heard him speak in public, he referred 
to a visiting Englishman who had spoken of Canada as a “ colony.” 

All his life he manfully faced the difficulties which the translation of technical and 
scientific knowledge to industrial operation inevitably presents; and I cannot conclude 
better than by quoting, as a tribute, the description which L. E. Westman gives of van 
der Linde in his article on him in “‘ Canadian Chemistry and Metallurgy,” August, 1937 : 
“ he was a scientist and industrial trooper of that substantial kind which has done so much 
for mankind.” G. STAFFORD WHITBY. 





JAMES SCOTT MACLAURIN. 
1864—1939. 


MACLAURIN came to New Zealand in early boyhood and was educated at the Auckland 
Grammar School and at Auckland University College, where he studied chemistry under 
Professor F. D. Brown. He graduated B.Sc. in 1891, and in 1897 was awarded the degree 
of Doctor of Science for outstanding research on the solution of gold in dilute solutions of 
potassium cyanide. This research aroused great interest in gold-mining circles throughout 
the world, confirming as-it did that oxygen was necessary for the solution of the gold, and 
was the basis of many subsequent improvements in the cyanide process for treatment of 
gold ores. It gained for him election to the Fellowship of the Society in 1897. It also 
enabled him to qualify for an 1851 Exhibition Scholarship, tenable in Great Britain, but 
this he declined, and the way was thus opened for Ernest Rutherford, who took up the 
scholarship, to enter at Cambridge on the career which made him the outstanding scientist 
of his day. 

Maclaurin was appointed Colonial Analyst in 1901, the title being changed to that of 
Dominion Analyst in 1909, when New Zealand was raised to Dominion status. He became 
in effect the hist chantanh atlases to Gn Meee Seen Gavempent. He was also Chief 
Inspector of Explosives and Chief Gas Examiner, displaying considerable administrative 
ability in both positions. He retired into private life in 1931. 

Maclaurin was. a skilful analyst, always alert for new methods, which, however, were not 
adopted without rigorous trial. His analytical work for the Geological Survey gave him 
an extensive acquaintance with the mineral resources of New Zealand. He was an authority 
on the relative inflammability of New Zealand coals, also on the mimeral waters of the 
thermal districts. He noted the presence of and determined the amount of pentathionic 
acid in water from White Island, an acid not previously noted as occurring in Nature. He 





‘ 


572 Obituary Notices. 


also determined the radioactivity and radium content of many gases, waters and sinters. 
In his later years he devoted much time to industrial research on Kauri Gum and Phormium 
Tenax (New Zealand Flax). 

Maclaurin inspired the full confidence of all who were associated with him in public 
duties. There was a strong bond of personal affection between him and all members of his 
staff. In private life he was quiet and unostentatious, and essentially friendly. .In his 
passing New Zealand has lost a true gentleman and an able scientist. | _W. Donovan. 





WILLIAM FREDERICK MAWER. 
1867—1940. 


WILLIAM FREDERICK MAWER, whose death took place on January 31st, 1940, was born 
at Boston, Lincs., on October 18th, 1867. He was educated at Boston Grammar School 
and later received his chemical training at Muter’s School of Pharmacy in South London, 
passing the Minor and Major Examinations of the Pharmaceutical Society while there. 
Relinquishing in 1890 the practice of pharmacy, he was appointed Lecturer at Muter’s 
School of Pharmacy in that year and held this post until 1905, acting as Secretary from 
1902. From 1906 to 1911, Mawer conducted his own business as a pharmaceutical chemist, 
but for the next 14 years the state of his health precluded him from undertaking anything 
but temporary work, and in 1925 he was compelled by ill-health to retire from active 
work. 

Mawer was a man of strong personality, and being exceedingly well read and possessing 
an active mind, his interests were wide and varied. 

He was elected a Fellow of the Chemical Society on December 7th, 1893. 





BENJAMIN DAWSON PORRITT. 
1884—1940. 


BENJAMIN DAwson Porritt died at Croydon on January 28th, 1940, at the age of 56 
ears. 

' Born in Canada, he came at an early age to England and was educated at the Whitgift 

Grammar School, Croydon, University College, London, and the Heriot Watt College, 

Edinburgh. After graduating in chemistry, he became chemist to the North British 

Rubber Co. of Edinburgh and there acquired a thorough knowledge of the practical 

processes and of the basic scientific principles of the rubber industry. 

In 1920, he was selected to become Director of the research organisation which was 
being set up by a group of influential British Rubber Manufacturers under the scheme of 
the Department of Scientific and Industrial Research and he occupied the position of 
Director of the Research Association of British Rubber Manufacturers until his death. 
His capacity for organisation and his steadfast perseverance are well exemplified by the 
establishment and eventual success of a Research Association which has won the 
admiration and support of the rubber industry. Indeed its fame is now world-wide. 

Porritt published numerous papers in the Transactions of the learned societies and with 
the assistance of his staff at the Research Association recently compiled and published a 
comprehensive mionumental reference book entitled “‘ Rubber, Physical and Chemical 
Properties.” 

Porritt also devoted himself wholeheartedly to the development of the activities of the 
Institution of the Rubber Industry, of which he was a Fellow and also a Vice-President. 
His enthusiastic support of the development particularly of educational schemes for the 
rubber industry and of the regulations for the Diplomas of the Institution won for him 
unqualified admiration. 

He was an original member of the Rubber Advisory Committee of the Rubber School 
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of the Northern Polytechnic, where his visits were always hailed as an inspiration to staff 
and students alike. In addition, he was entrusted on occasions, as an Inspector under the 
Board of Education, with visiting institutions and reporting on rubber education through- 
out the country. 

He was a Fellow of the Royal Society of Edinburgh. He was elected an Associate of 
the Institute of Chemistry in 1908, proceeded to the Fellowship in 1911 and served as a 
member of the Council of the Institute from 1920—22 and from 1924—-26. He was elected 
a Fellow of the Chemical Society in 1906, and served on the Council from 1925 to 1928; 
he had been an active member of the Council of the Institution of the Rubber Industry 
continuously since 1922. In 1936 he became a Vice-President of the Institution, and in 
1938 was awarded the Colwyn Gold Medal by that body, the highest award the Institution 
can bestow. 

By Porritt’s death, the rubber industry has sustained a severe loss, and all those who 
knew him, a real friend of sterling character. T. J. DRAKELEY. 





RICHARD VERNON WHEELER. 
1883—1939. 


RICHARD VERNON WHEELER, only son of R. J. Wheeler, Chief Inspector of Machinery, 
R.N., attended school at Plymouth College, Plymouth. In the year 1900 he entered the 
. first year honours course in chemistry in the Owens College, Manchester. Before the end 
of the year he had become a devoted assistant to the late Professor W. A. Bone, at the 
time a lecturer in the College, and during the rest of his course as an undergraduate he spent 
most of, his vacations and no inconsiderable part of term-time in providing much of the 
experimental basis for the hydroxylation theory of the oxidation of hydrocarbons. This 
work gained him the Dalton Chemical Scholarship in 1903 and a University Fellowship 
in 1904. 

From 1905 to 1908 Wheeler was at first chemist, later gas-plant manager, to Messrs. 
Monks, Hall and Co. of Warrington. Here he took the opportunity to make careful tests 
of the consequences of varying the steam saturation temperature in a gas-producer, and 
was allowed to publish the results in the Journal of the Iron and Steel Institute. For 
this work he needed accurate gas-analyses, and in co-operation with W. A. Bone produced 
a simplified form of the apparatus then in use in the Owens College, a McLeod type. The 
new apparatus rapidly gained popularity in both academic and industrial laboratories, 
for, besides being much cheaper, it was easier to operate and to maintain than the old, 
whilst losing nothing in accuracy. In various modifications it is still generally known as 
the “‘ Bone and Wheeler ’’ apparatus. 

In 1908 came the opportunity which settled the chief direction of Wheeler’s work for 
the rest of his life. On the nomination of H. B. Dixon and W. A. Bone he was appointed 
as chemist to assist Mr. (later Sir) William E. Garforth at Altofts Colliery, Yorkshire, in 
experiments on the explosibility of coal-dust and the use of stone-dust as a preventive of 
coal-dust explosions in mines—experiments financed by the Mining Association of Great 
Britain and directed by a committee of the Association. In 1911 the financing and control 
of this work were taken over by the Home Office, who transferred the large galleries and 
laboratory to Eskmeals in Cumberland. Here, as previously at Altofts, Wheeler took a 
full share in the experimental work, and here he must have laid his plans for the more 
comprehensive attack on means to prevent explosions of coal-dust and firedamp, an attack 
made possible in 1921 when the Safety in Mines Research Board was appointed by the 
Secretary for Mines “ to direct generally the work of research of the Mines Department 
into the causes of mining dangers and the means for preventing such dangers.” The 
laboratory work was gradually transferred to Sheffield and the large-scale explosion work 
was found a home near Buxton, where it could more easily be shown to the colliery workers 
for whose benefit it was being done. Wheeler was made Director of these two research 
stations. , 
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Wheeler was also Professor of Fuel Technology in the University of Sheffield from the 
year 1920 until his death. This enabled him to widen the scope of his work to include 
such industrial problems as the blending of coals for coke production, low-temperature 
carbonisation of coal, the cracking of hydrocarbons and the nature of “‘ knock ’’ in internal- 
combustion engines. 

Only a very inadequate review of the results of Wheeler’s researches is possible here. 
He described them in more than 200 papers in the journals of scientific and technical 
societies and in official publications. A list of them can be found in “ Fuel in Science and 
Practice ’”’ (1940, 19, 27). 

Coal-dust Explosions.—Up to the time of Wheeler’s death, all the large-scale experi- 
mental explosions of coal-dust in Britain were supervised by him. He demonstrated the 
efficacy of stone-dust as a practical preventive of coal-dust explosions in mines, determined 
the relative efficacies of stone-dusts of various sizes and chemical composition, found 
_ how wide was the variation in inflammability of the dusts of various coals and related this 
property to the volatile-matter content of the coal. Regulations governing the nature and 
amount of stone-dust to be strewn in coal-mines are based on these experiments. 

The Composition of Coal.—During his first attacks on the problem of coal-dust explosions, 
Wheeler formed the view that, whilst a particle of coal-dust probably burnt directly in a 
well-developed explosion, the dust was subject to distillation in the early part of the 
explosion and the successful initiation of an explosion therefore depended on the com- 
bustion of the first gaseous products of thermal decomposition. This led to a study of 
these products and to some conclusions as to the nature of the coal-substance. Hence 
arose Wheeler’s persistent attacks on the chemical constitution of coal, represented by 
some 25 papers in this Journal. A landmark in this work is the monograph written in 
collaboration with Dr. Marie C. Stopes, “‘ The Constitution of Coal,” published in 1918 
by the Department of Scientific and Industrial Research. It was a comprehensive review 
of the subject and indicated many lines for future advance. Wheeler himself proceeded 
to find solvents suitable for resolving the coal and separating resins and hydrocarbons 
from it, to separate by reagents the various morphologically distinct components from the 
ulmins, and to ascertain the products of distillation and of partial oxidation of the separated 
parts. The constitutions of the various parts of the coal substance were not elucidated by 
these researches, but important progress was made. For example, he recognised benzene- 
carboxylic acids in the products of partial oxidation of coal at low temperatures, thus 
proving the existence of the six-carbon ring in coal. 

Flame, and Gaseous Combustion.—The development in methods of coal-mining in recent 
years introduced into the mine new sources of potential ignition of firedamp, and it was 
mainly left to Wheeler to define the conditions in which new apparatus could be safely 
used. He had, for example, to examine electric signalling and telephone systems, and 
exploders for shot-firing, in order to ascertain whether they might present dangers of 
unsafe ‘“‘open”’ sparking. At first in collaboration with Professor W. M. Thornton, he 
devised means for guarding such apparatus so that the power remained sufficient for the 
desired purpose but the spark at an accidental break or short in the circuit was not 
sufficiently incendive to ignite firedamp. 

In order to base such safeguards on a knowledge of the properties of the inflammable 
medium, Wheeler directed a large amount of work to repeating and extending, with the 
advantage of modern apparatus, Mallard and Le Chatelier’s pioneering investigations 
published in 1883 on the same subject. Although little of general theoretical importance 
came from this work, it provided the necessary basis on which a high degree of safety has 
been reached by’manufacturers of all electrical apparatus used in coal-mines, including 
not only those named above but also the power equipment which cannot at all times remain 
free from the entry of firedamp and must therefore be made incapable of propagating 
flame outside when an ignition incurs inside a casing. 

Mining Explosives—Among the many dangers of a coal-mine, the use of explosives 
for winning coal and making roadways was at one time probably the most fertile of 
explosions. The replacement of gunpowder by the more modern high explosive, duly 
weakened by the admixture of cooling salts, removed most of the danger, but there still 
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occurred cases in which the “‘ safety explosive ’’ was responsible for explosions of gas under- 
ground. Under Wheeler’s direction the phenomenon has been investigated in various 
ways and the conditions necessary for the safe use of safety explosives in coal-mines have 
been defined. For these conditions to be invariably observed, during the firing of each 
of the millions of shots made underground in the course of a year, is almost an impossibility. 
Hence the recent introduction of the sheathing of explosives by a layer of sodium bicar- 
bonate, which according to experiment and to a limited experience in coal-mines is a further 
advance in safety. 

Mine Lighting.—As a member of the Miners’ Lamps Committee of the Home Office, 
Wheeler contributed the results of several experimental investigations which enabled the 
Committee to indicate methods for improving the light of the flame lamp. In the early 
days of the Committee (1920), men were frequently doing their work in the pit with a 
flame lamp giving no more than 0-3 candle power. It was shown that by the use of gauzes 
of wider mesh a greater supply of air could be provided, and by simple devices the fresh 
air could be directed to the flame without pollution by the products of combustion. These 
and other improvements wefe made without impairing the safety of the lamp, and the miner 
using a flame lamp has now from 2 to 3 candle power to light his work. As a result, the 
flame lamp has kept pace with the improved light provided by the electric lamp; it retains 
an advantage over the ordinary electric lamp, in that it is a sure indicator of the presence 
of firedamp and of irrespirable atmospheres in the pit. 

Those who have known Wheeler for most of his life will probably agree that he was 
happiest when at work with the small staffs available in the laboratories at Altofts and 
Eskmeals. In later life, his administrative responsibilities left him no time to take an 
active part in experimental work, but he continued to plan new lines of research for staff 
and students as well as for large industrial laboratories which sought his advice. 

Wheeler had a caustic wit which, at times, he exercised recklessly; rarely with subor- 
dinates, however, to whom he was considerate and helpful. He was generous to students 
individually and collectively. 

Characteristic of Wheeler and of W. A. Bone, his former teacher, were their arguments, 
notably that over the so-called ‘‘law of flame speeds.’’ This dispute may perhaps be 
summarised by the statement, with which close colleagues of Bone and Wheeler, namely, 
Professor D. T. A. Townend and Dr. W. Payman, associate themselves, that each of the 
disputants argued his case over-forcefully at one time; it is now recognised that many 
mixtures of inflammable gases accord well with the “law” but many others do not. In 
recent years, work in both laboratories has led to a more fundamental understanding of 
the factors affecting flame propagation than was possible at that time. 

Wheeler was a member of the Safety in Mines Research Board, 1921—39, and of the 
Fuel Research Board, 1923—29; President of the Midland Institute of Mining Engineers, 
1929—32; Member of Council of the Institution of Mining Engineers, 1936—39; Gold 
Medallist of that Institution, 1937; Melchett Medallist of the Institute of Fuel, 1938; 
and a member of Council of this Society, 1936—39. He took a leading part in founding 
and maintaining the Coal Research Club, and in editing for many years their organ ‘‘ Fuel 
in Science and Practice.” He was a prime mover in organising an international con- 
ference of Directors of research stations dealing with safety in mines, which met biennially 
from 1931 to 1937. 

He was elected a Fellow of the Chemical Society on December 2nd, 1909. 

H. F. Cowarp. 
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105. Synthesis of Lipophilic Chemotherapeuticals. Part II. 
4-Alkylaminoazobenzene-4'-arsonic Acids. 


By S. ADLER, L. HASKELBERG, and F. BERGMANN. 


In continuation of the programme outlined in Part I (J., 1939, 1) we have studied 
the effect on the biological properties of 4-aminoazobenzene-4’-arsonic acid of 
introducing alkyl groups of increasing molecular weight into the amino-group. 


A SERIES of dyes, R‘NH:C,H,*N:N-C,H,°AsO,H,, was prepared by coupling diazotised 
p-arsanilic acid with a solution of the substituted aniline, usually in glacial acetic acid. 
The lower members of the series are very toxic, the higher ones where R = C,,.H4;, Cy4Hoo, 
C,,H,3, and C,,H,, show a definite decrease in toxicity. The methyl compound, ¢.g., is 
lethal for mice in doses of 0-05 g. per kg. (corresponding to 0-011 g. of arsenic per kg.), 
whereas a dose of the octadecyl compound of 0-8 g. per kg. is tolerated (0-105 g. of arsenic 
per kg.). The benzyl compound is about as toxic as the methyl derivative, 0-05 g. (0-0091 
g. of arsenic) per kg. being lethal. No decrease in toxicity was observed when the 4- 
aminophenyl residue—in the 2-ethylhexyl compound (CH,°CH,°CH,°CH,*CHEt’CH,*)—was 
replaced by the @-amino-«-naphthyl radical (see Part I, where these two 2-ethylhexyl 
compounds and the cetyl representative of the above series are described). In view of the 
low toxicity of the higher members, the octadecyl compound was tested against various 
strains of trypanosomes: it proved slightly effective. 


EXPERIMENTAL. 


Alkylanilines.—The methyl, dimethyl, ethyl, and benzyl compounds were commercial 
samples; the others were prepared as follows: Aniline (3 mols.) and the appropriate alkyl 
bromide (1 mol.) were heated for 3 hours on the water-bath, the mass poured into alkali solution, 
the organic layer washed with water, and the alkylaniline isolated by fractional vacuum distill- 
ation. The new members of the series are listed in Table I; the -amyl, isoamyl, m-hexyl, and 
n-heptyl compounds have been described by Hickinbottom (J., 1932, 2396; 1937, 1119), and 
the cholesteryl compound by Lieb e¢ al. (Annalen, 1935, 509, 222). 


TABLE I. 
Alkylanilines, R-NH-C,H,. 


Found, %. Required, %. 
R. B. p. n°, = =Formula. C. H. ~ i” 
sec.-Butyl 225°/759 mm.; 112—114°/22 mm. 1-5318 C,,H,,N 79-7 3° 80-5 10-0 
sec.-Butylcarbinyl 236°/758 mm.; 142°/25 mm. Cc 81-5 . 81-0 10-4 
2-Methylpentyl 138°/22 mm. 1-5241 81-2 . 81-3 10-7 
Dodecyl 140°/0-2 mm.; m. p. 28° C,,H;,N 82-5 . 82-7 11-9 
Tetradecyl 180°/4 mm.; m. p. 42° * : 82-4 , 83-0 12-1 
Octadecyl 196°/0-6 mm.; m. p. 42° 83-6 12- 83-5 12-5 

* Crystallised from methanol. Myristylaniline was characterised as 3: 5-dinitrobenzomyristyl- 

anilide (from light petroleum), m. p. 83°. . 


4-Alkylaminoazobenzene-4'-avsonic Acids.—A solution of atoxyl (11-9 g.) in a mixture of 
concentrated sulphuric acid (4-8 c.c.) and water (125 c.c.) was diazotised with sodium nitrite 
(35 g.) and added to the equivalent amount of the substituted aniline, dissolved in glacial 
acetic acid (four times its weight). The product was collected after 24 hours’ standing at room 
temperature and purified by trituration with and crystallisation from a suitable solvent. The 
methyl compound has been prepared by Jacobs and Heidelberger (J. Amer. Chem. Soc., 1921, 
43, 1632). Most of the dyes had no definite m. p., but they all crystallised well (Table II). 

Toxicity Tests —These were carried out with white mice (Table III). Only the butyl and the 
sec.-butyl compound have been tested on rats. 

The Trypanocidal Properties of 4-Octadecylaminoazobenzene-4'-arsonic Acid (W 47).—A 
solution of the acid in the equivalent amount of aqueous sodium hydroxide was injected 
intraperitoneally. In Table IV its activity is compared with that of the minimum curative 
doses of atoxyl. 
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4-Alkylaminoazobenzene-4’-arsonic acids, R-NH*C,H,'N:N-C,H,°AsO,H,. 


R. 
[Methyl 
Dimethyl 
Ethyl 
n-Propyl 


n-Butyl 
isoButyl 


sec.-Butyl 
n-Amyl 

isoAmyl 
sec.-Butylcarbinyl 
n-Hexyl 
2-Methylpentyl 
n-Heptyl 
n-Dodecyl 
n-Tetradecyl 


n-Octadecyl 
cycloHexyl 


Benzyl 


Cholesteryl 


Formula. 
C,3;H,,0,N,As] 
14H,,0,;N;As 
C,,H,,0,N,As 
C,,H,,0;N,;As 


Cc C FiO sAs 
Cy 6H oO3N3As 


C1¢H90,N;As 
C,,H,,0,N;As 
C,,H,,0,N;As 
C,,H.,0,N,As 
C,,H,,0,N,As 
C,,H,,0;N;As 
C,,H,.0;N;As 


C,,H3,0,N,As 


CygH,O,N,As 
C3.H,,0,N;As 
Cy,H,,0,N;As 


* C,,H,,0,;N,As 


Cs5H,,0,N,As 


TABLE II. 
Found, %. Required, %. 
c ‘ee 
46-3 4-1 46-6 4-2 
48-7 4:3 48-1 46 
48-2 5-0 48:1 46 
48-9 5-3 49-6 5-0 
50-4 5-5 51:0 53 
50-4 5-3 51:0 53 
(N, 11-8) (N, 11-1) 
50-8 5-0 51-0 5:3 
52-1 5-1 52:2 5-6 
53-0 5-0 52:2 5-6 
51:8 5-6 52-2 5-6 
53-0 6-8 53-3 5-9 
52:8 5-5 53-3 5-9 
55-2 6-5 54-4 6-2 
60-0 7:3 58-9 7-4 
61-5 8-2 60-3. 7-7 
62-3 8-1 62-9 8-4 
53-7 5-7 53-6 5-4 
55-4 4:2 555 4-4 
67:3 83 67-9 8-1 


Remarks. 
From aqueous formic acid ; m. p. 
310° (decomp.) 
From aqueous alcohol; m. p. 


276° (decomp.) 

From glacial acetic acidg m. p. 
286° (decomp.) 

From alcohol 

From 70% methanol; 
red; m. p. 303° (decom 

From ‘alcohol ; contains Set. 
of alcohol of crystallisation 

From oqucont alcohol or glacial 
acetic acid 

From 80% alcohol; resembles 
chromic acid in appearance 

Needles from glacial acetic acid ; 
m. p. 245° (decomp.) 

From 50% acetic acid; m. p. 
270° (decomp.) 

M. p. 265° (decomp.) 

From alcohol 

From 80% acetic acid, brick-red 

From alcohol; brown-red plates 

From alcohol; orange leafiets 

From glacial acetic acid or 
formic acid; brown-red; m. p 
292° (decomp.) 

From glacial acetic acid and 
alcohol; * brown; m. p. 340° 
(decomp.) 

From glacial acetic acid and 
alcohol ; ¢ dark red; m. p. 237° 
(decomp. ) 


ns ad 


* Can be purified through the sodium salt, we is precipitated from sodium carbonate solution 


in brown crystals. 


+ The dye is soluble in benzene. 


R. 


H 

Methyl 
Dimethyl 
Ethyl 
Propyl 
Butyl 
isoButyl 
sec.-Butyl 
n-Amyl 
isoAmyl 
sec.-Butylcarbinyl 
n-Hexyl 


W 47, dose (g. per kg.). 
4 


atoxyl 


Max. dose 
tolerated 
(g. per kg.). 
0-01 

0-025 
0-04 
0-01 
0-02 
0-01 
0-02 
0-01 
0-01 
0-05 
0-03 
0-05 


No effect 


TaBLeE III. 
Toxicity tests. 


Trypanosoma brucei.* 


Effective, but relapse after about 15 days 
Effective, but relapse after 30 days 


0-2 g.; cure 


Min. lethal Max. dose Min. lethal 
dose tolerated ose 
(g. per kg.) R. (g. per kg.). (g. per kg.) 
0-02 . 2-Methylpentyl “02 0-04 
0-05 Heptyl 0-05 0-1 
0-05 2-Ethylhexyl 0-04 0-05 
0-02 Dodecyl 0-3 0-4 
0-04 Tetradecyl 0-5 0-6 
0-02 Satienst (cetyl) 0-7 0-8 
0-04 Octadecyl 0-8 0-9 
0-02 ‘ Benzyl 0-025 0-05 
0-02 cycloHexyl 0-01 0-02 

0-075 1-(4’-Arsonobenzeneazo)- 

0-04 2-(8-ethylhexylamino)- 

0-1 naphthalene 0-04 0-05 
TABLE IV. 


Trypanosoma equiperdum. 


Effective; relapse after 9 days 


Effective ; relapse after 11 days 
Effective; relapse after 18 days 


0-15 g.; cure 


* This strain, which was obtained from the Liverpool School of Tropical Maticing; is sensitive to 


arsenicals. 
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With W 47 the parasites disappear from the blood only after a relatively long time. The 
trypanosomes disappear within 12 hours after injection of atoxyl, whereas the above azo-dye 
gives the same effect only after 48—96 hours. We ascribe this fact to the low reducibility of 
the octadecylamino-compound, as compared with that of atoxyl (compare Breyer, Biochem. 
Z., 1939, 301, 65). Therefore the inactivity of small doses is probably due to the active form 
of the dye not reaching the required concentration in time, and it may be expected that these in 
themselves inactive doses would produce an effect when combined with subcurative doses of a 
“normal,” i.e., quickly reducible, arsenical, such as atoxyl. Table V shows that this conclusion 
is justified. In the experiments listed, 4-octadecylaminoazobenzene-4’-arsonic acid (W 47) was 
combined with N-dichloroacetylarsanilic acid, a new arsenical to be described in a forthcoming 
paper (W 129), which is active against Trypanosoma brucei (equiperdum) in doses of 0-1 (0-05) g. 
per kg. and clears the blood from parasites for 3 days in doses of 0-025 (0-01) g. per kg. 


TABLE V. 


Substance. Dose (g. per kg.). Trypanosoma brucei. 

0-025 Relapse after 3 days 
No action 
No action 
Prolonged duration of the illness (by about 2 days) 
Relapse after 7 days 
Relapse after 10 days 
Relapse after 21 days 

Trypanosoma equiperdum. 


oe? 
re 


W 129+W 47 
W 129+W 47 
W 129+W 47 


W 129 Relapse after 2 days 
W 47 No action 
W 129+W 47 Relapse after 8 days 


PARASITOLOGICAL DEPARTMENT, THE DANIEL SIEFF RESEARCH INSTITUTE, 
THE HEBREW UNIVERSITY, JERUSALEM. REHOVOTH, PALESTINE. 


[Received, September 25th, 1939.] 
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106. The Hydrolysis of Salts in Solution. 


By H. F. Brown and J. A. CRANSTON. 


A brief summary of the authors’ previous investigations of salt hydrolysis by 
means of the glass electrode is given, and it is emphasised that, although atmospheric 
contamination can be ignored for salts showing medium hydrolysis, it must be guarded 
against when the p, of the solution under examination is less than two units removed 
from 7. An apparatus is shown for the preparation of solutions and the measurement 
of their py values without exposure to the atmosphere, and results for a number of 
salt solutions, most of which require protection against atmospheric contamination, 
are recorded along with the corresponding stoicheiometric ‘‘ hydrolysis constants.” 


A table of pg values obtained by interpolation at selected dilutions is given for 18 
common salts in water. 


IN a series of papers the authors have (i) discussed the reasons for the paucity of data on 
the hydrolysis of common inorganic salts, and the advantages of the use of the glass 
electrode for hydrolysis determination, and have shown the absence of neutral-salt effect 
with this electrode at the salt concentrations examined [J. Roy. Tech. Coll. (Glasgow), 
1937, 4, 46]; (ii) described how the final purification of salts may be effected by crystallis- 
ation from a solution containing about 100 times the concentration of acid or alkali estimated 
to be produced by hydrolysis (loc. cit.); and (iii) shown that consistent measurements of 
unbuffered solutions may be obtained by preparing carbon dioxide-free water, solutions of 
salts and dilutions of these, all without coming into contact with acid or alkaline im- 
purities in the atmosphere (Trans. Faraday Soc., 1937, 33, 1455). Table V summarises 
the data on hydrolysis obtained by the authors. 

. In this paper the py values and hydrolysis constants are recorded for a number of 
additional saits. For salts showing only slight hydrolysis, in which the pg is within two 
units of 7, pure neutral water must be used, not merely ‘‘ conductivity water ’’ which has, 
in general, a pg of about 5-7. Table I shows the #, of solutions of sodium acetate, zinc 
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sulphate, and ammonium chloride prepared with distilled water from which carbon dioxide 
had been excluded until the last operation of transferring them to the glass-electrode 


TABLE I, 


The py of three slightly hydrolysed salts in water containing dissolved carbon dioxide. 


v (1./mol.). 10. 50. 100. 250. 500. 1000. 
Sodium acetate ......ccccccccsccscceces 7-96 7-34 7-13 6-86 6-71 6-53 
Zinc sulphate .........sseseseeeeeeeeeeee 5°67 5-62 5-57 5-65 5-63 5-58 
Ammonium chloride .................. 5-34 5-49 5-55 a 5-59 5-63 


vessel. Subsequently, this work was repeated with the apparatus shown in the figure, 
and a comparison of the results in Table I with those in Tables II, III, and IV shows how 


iT 
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A, Burette assembly on reduced scale. B, Soda—lime tube. C, Pure-air inlet. D, Weighing bottle. E, Air 
from purifying train. F, Mercury contacts. G, Stirrer. H, Mercury seals. J, Air outlet to soda— 
lime tube. K, Agar—KCl bridge. L, Saturated KCl. M, To calomel electrode. 











rigorously carbon dioxide must be excluded throughout with such slightly hydrolysed 
salts. For solutions having a py more than 2—3 units removed from 7 the error occasioned 
by atmospheric contamination becomes insignificant and conventional apparatus may be 
employed. 

EXPERIMENTAL. 

The electrode chain used was, apart from modifications to prevent atmospheric contamin- 
ation, essentially the same as that previously used to examine salts hydrolysed to an appreciable 
extent (J. Roy. Tech. Coll., 1937, 4, 32, 46). Dissolved carbon dioxide was removed from the 
distilled water (prepared in a Bousfield still), contained in the electrode chamber and burette 
shown in the figure, by the passage of carbon dioxide-free air purified as described elsewhere 
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(Trans. Favaday Soc., loc. cit.). The bridge of potassium chloride in agar-agar (Michaelis and 
Fuzita, Biochem. Z., 1923, 142, 398) was lowered only during measurements. A fairly con- 
centrated solution of known strength was prepared in the burette by adding the salt rapidly 
from a weighing bottle, the passage of pure air through the burette preventing ingress of carbon 
dioxide. The hydrolytic equilibrium of a salt solution is, in general, disturbed by the passage 
of a gas, and so this supply was stopped immediately the burette stopper was replaced in 
position. The salt was dissolved by shaking the burette, which was then fitted to the lid of the 
electrode chamber. The passage of air through the water in the electrode chamber was now 
stopped, but a slow stream was passed over the surface to prevent atmospheric contamination. 
Solutions of known concentration were prepared in the electrode chamber by adding measured 
amounts from the burette. 

The two glass electrodes used were calibrated before and after a set of measurements against 
two hydrogen electrodes which were fitted to the apparatus for the purpose, the buffer solutions 
employed being adjusted to the py of the limiting values obtained with the salt solution under 
examination. Unless otherwise stated, the salts, which were of “‘ AnalaR’”’ quality, were 
recrystallised by the method described elsewhere (J. Roy. Tech. Coll., 1937, 4, 54). 

The E.M.F.’s of the electrode chain for both glass and hydrogen electrodes were recorded on 
a McFarlane—Pye valve potentiometer reading to 0-1 mv. 

Sodium Acetate.—Although calctlated data for this salt are widely quoted in textbooks to 
illustrate the derivation of hydrolysis formule, there appeared to be no experimental figures 
available to test the formule. The results now obtained for the recrystallised salt are given in 
Table II, the value for Kg used being’the simplified expression K%,.v/a%. The mean value 
obtained, viz., 2-18 x 10°, may be compared with that of 2-8 x 10° for Kyw/Kuaceic aaa at 
16°5°. 

TABLE II. 


The py at 16-5° of carbon dioxide-free solutions of sodium acetate, and values for the hydrolysis 
constant. 


v(l./mol.). pa Ka X10 v(l/mol.). pm Ka X10 v(l./mol). pa. Ka X 10%. 
1451 8-02 4-38 159-1 8-34 2-09 33-2 8-61 1-52 
735 8-09 3-20 123-8 8-39 2-05 23-6 8-66 1-36 
459 8-17 2-76 91-0 8-44 1-89 19-2 8-70 1-32 
291-5 8-22 2-21 68-4 8-49 1-79 Mean 2-18 
204-5 8-29 2-14 49-1 8-54 1-64 
Zinc Sulphate.—The hydrolysis of zinc sulphate, unlike that of most salts, has been studied 
by several workers. Denham and Marris (Trans. Faraday Soc., 1928, 24, 510), using a hydrogen 
electrode, obtained a series of pg values which decreased with dilution, owing, there seems little 
doubt in the light of the present work, to atmospheric contamination. Kolthoff and Kameda 
(J. Amer. Chem. Soc., 1931, 58, 832) used a bright platinum hydrogen electrode and obtained 
slightly more acid values than those given in Table III. Our results support their evidence 
that the first-stage hydrolysis predominates, viz., Zn” + H,O == ZnOH* +H’. Values for 
the simplified equilibrium constant Kg = aj,.v corresponding to this reaction at 16-5° are given 
in Table III. The mean value obtained gives a dissociation constant of 1-6 x 10-* for ZnOH’. 


TABLE III. 
Zinc sulphate. 
v (1./mol.). " - v(lfmol.). pz. Ka X 10!1. ‘vu (1./mol.). 
' 134-3 6-32 3-07 25-5 

97-3 , 3-08 21-5 

73-2 3-51 18-1 

48-5 . 3-68 

34-6 x 3°95 

Sodium Oxalate.—The pg values obtained for this salt at 16° (see table) indicate that the 

first-stage hydrolysis predominates, giving the simplified expression Ky = K%,. v/a}. 


Sodium oxalate. 


v (1./mol.). . Kgx10% v(./mol). pa. Ka X10 v(l./mol). px. Ku Xx 10". 
. 4144 8-52 3-96 67-7 8-72 


4-64 
93-5 8-63 4-25 27-8 8-92 4-83 
Mean 4-2 
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Sodium Hydrogen Carbonate.—Sodium hydrogen carbonate is not so poorly buffered as the 
salts already dealt with, and its solutions are thus less seriously affected by atmospheric con- 
tamination. Noyes (Z. physikal. Chem., 1893, 11, 495) has shown theoretically that the hydro- 
gen-ion concentration of an acid salt of a weak acid and a strong base is constant at any dilution 
and equal to the square root of the product of the two dissociation constants of the weak acid. 
The py of sodium bicarbonate solutions should be 8-37 at 25° from this formula, which is based 
on purely stoicheiometric principles. The experimental figures obtained (see table) give a 
smooth curve of slightly increasing pg value with increasing dilution up to v = 200, after which 
the constant value of 8-62 is maintained. Powney and Jordan (J. Soc. Chem. Ind., 1937, 56, 
133) record rather similar results for this salt, their graph showing a maximum , of about 
8-75 at v = 100, after which it falls slowly with increasing concentration to about 8-65 
atv = 11. 

Potassium Chloride.—The py of this salt of ‘‘ double-sided strength ”’ is especially sensitive 
to atmospheric or other contamination. Kolthoff and Kameda (loc. cit., p. 821) obtained erratic 
results when using bright platinum hydrogen electrodes in solutions of potassium chloride. 
The salt used in the present work was twice crystallised from conductivity water and was not 
washed with organic solvents, as were salts recrystallised from slightly acid or alkaline solutions. 
With increasing salt concentration the py values fall gradually from neutrality at high dilutions 
to about 6-8 at v = 100. The smooth curve then falls rapidly to about pg 6atv = 1. Sucha 
result, in the absence of unforeseen sources of contamination with this salt, must be due to the 
influence of the salt ions on the activity of the hydrogen ions present. Ellis and Kiehl (J. 
Amer. Chem. Soc., 1935, 57, 2139) obtained results approximately one unit lower than these by 


Sodium hydrogen carbonate. 


v (1./mol.) 955 463 2525 175 116 73:0 53:0 342 216 13-98 7-95 


1 
862 862 862 860 8-59 856 854 851 846 843 8-37 


Potassium chloride. 


- 1149 468 961 628 380 155 105 645 461 3-26 
705 6-96 681 674 669 655 647 637 631 620 


using a specially designed glass electrode to avoid contamination, which they state is rapid, 
from the alkali of the glass. However, we have not experienced a rapid drift to high py value 
with the seasoned-bulb type of glass electrodes used in this apparatus, although a rise was noted 
when an unbuffered solution remained motionless in contact with the electrode. Stirring 
caused the pg to fall immediately to the original value, due undoubtedly, as Edwards and 
Evans (J., 1937, 1938), who experienced a similar phenomenon, have suggested, to dispersion 
through the bulk of the liquid of a minute quantity of dissolved alkali forming a layer around the 
electrode. Our results for this salt are in agreement with those of Edwards and Evans where the 
concentrations overlap, but for the most part we have worked over a range of higher 
concentration. 

Potassium Chromate.—This salt reacts alkaline as shown in the table, which relates to 16°. 
The “‘ hydrolysis constant,”’ calculated with the usual assumptions as K3,.v/a}, (where Ky = 
0-5 x 10-*) from the equation CrO,” + H,O ==> HCrO,’ + OH’, is shown in col. 3, and de- 
creases with increasing concentration. Ifthe hydrolysis were to proceed according to the second- 
stage equation, CrO,” + 2H,O == H,CrO, + 20H’, the quantity v/a% should be constant. 
In fact, however, the power of ag which gives the best constant is 2-5, and this affords evidence 
that the hydrolysis has gone somewhat beyond the first stage. 

Potassium Dichromate.—The distinctly acid reaction of this salt permits the use of con- 
ductivity water containing dissolved carbon dioxide without significant error, and so solutions 
were prepared by dilution of a standard. Numerous workers (e.g., Abegg and Cox, Z. physikal. 
Chem., 1904, 48, 725; Sand and Kaestle, Z. anorg. Chem., 1907, 52, 101; Sherrill, J. Amer. 
Chem. Soc., 1907, 29, 1614, 1675; Neuss and Rieman, ibid., 1934, 56, 2238) have proved the 
presence of CrO,” in solutions of this salt, and the acid reaction is most probably due to the 
equilibrium Cr,0,” + H,O =» 2HCrO,’ => 2H’ + 2CrO,”. 

A hydrolysis constant can be calculated from this equation only if, in addition to the usual 
assumptions, the relative concentrations of Cr,O,”” and HCrO,’ are taken as constant. The 
quantity aj,.v should then be constant. Experiment shows (see table, col. 3) that a}’.v is 
constant, and suggests that one or both of these ions are being hydrolysed as well, with the 
production of hydroxy] ions, e.g., Cr,0,’" + H,O =» HCr,0,’ + OH’. The data relate to 16°. 
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Potassium chromate. 
v(l./mol.). pg. Ky X 10%. v(i./mol.). pu. 
2 160-0 9-19 1-5 ° 9-45 
1- 91-0 9-30 1-4 -! 9-58 
1- 55-8 9-38 1:3 9-62 


v (1./mol.). Ku X 10°. 
11 
0-8 
0-7 


Kg X 10°. 


Potassium dichromate. 
az5.v x 10%. v(l./mol.). pu. @.v25 x 10%. v (1./mol.). 
2-2 100 4-22 2-8 500 
2-8 250 4-37 3-0 1000 


Beryllium Sulphate.—Precautions against atmospheric contamination were unnecessary 
for this salt also, as its solutions have a markedly acid solution. The py values for 16-5° given 
in Table IV are for ‘“‘ pure ” beryllium sulphate which had been recrystallised twice. The fall 
in pg with increase in concentration of the solution is too great to give a hydrolysis constant. 
In fact, our results show (Table IV, col. 3) that the degree of hydrolysis given by ag . v/2 does not 


TABLE IV. 
Beryllium sulphate. 
10°a4/? . v. v (1./mol.). 

250 


v (l./mol.). pu. 
10 3-86 
50 4-10 


Pu- 
4-50 
4-63 


a25.v x 10°. 


2-8 
2-7 


v (1./mol.). pu- 
10 2-92 

50 3-46 

100 3-68 


10°ag . v/2. 
6-0 
8-7 
10-5 


10°ag . v/2. 
13-7 
16-9 
21-8 


Pu- 
3-96 
500 4:17 
1000 4:36 


vary much over a wide range of concentration. The quantity a{*.v was found to be constant 
(col. 4). Prytz (Tvans. Faraday Soc., 1928, 24, 281), who obtained similar results with the 
hydrogen electrode over the range v = 1—23 1./mol., suggested that the anomalous behaviour 
of this salt might be due to an enhanced value of aq caused by the salt molecules present, but 
were this true, a knowledge of the activities of the reacting ions would be essential for the 
calculation of Ky. Neglect of this fact no doubt explains Prytz’s failure to obtain a constant 
with the aid of certain results given by magnesium sulphate solutions, to which sufficient 
sulphuric acid was added to give the same gy value as the corresponding beryllium sulphate 
solutions, even if the necessary assumption that magnesium sulphate is not hydrolysed were true. 
We rather ascribe the anomaly to the marked tendency shown by beryllium salts to form basic 
complexes. The same phenomenon is observed with cadmium sulphate, the pq values of which 
are given in Table V, and chemical evidence again suggests a similar cause. 


10*a¥/3 . v. 


TABLE V. 
Pu Values of salt solutions obtained by interpolation. 


(Salts examined in carbon dioxide-free solutions are marked with an asterisk.) 


BeSO,, 
16-5°, 


2-92 


v (L./mol.). a | al 


Als(SO.)e 
6°. 


3-59 
3°87 
3-98 
4:14 


_— 


KC1,* 
18°, 
6-45 
6-70 
6-80 
6-89 
6-96 
7-02 


KiCr,0r, 


OAc,* NaHCO,,* NaOAc,* Na,C,0,,* 
me 18°, io age 


Poms) 
4:17 
4-73 
4-91 
5-10 
5-23 
5-35 


CuSO,, 
15°. 
4-32 
4-82 
4-99 
5-20 
5-33 
5-45 


8-76 
8-54 
8-41 
8-24 
8-13 


— 


CdSO,, 
16°. 


4-40 
5-07 
5-27 
5-39 


NH,C1,* 
15°. 
5-42 
5-75 
5-92 
6-14 
6-31 
6-51 


oo 

6°. 
9-63 
9-37 
9-28 
9-10 
8-96 


Oo, s 
a Ct 
5-43 
5-74 
5-89 
6-11 
6-29 
6-45 
KCN, 
15°. 
11-37 
11-07 
10-91 
10-69 


10-52 
10-35 





Copper Sulphate.—This salt has been dealt with by the authors elsewhere (J. Roy. Tech. 
Coll., 1937, 4, 54). The solutions showed a slow increase in acidity for several days after their 
preparation, and other salts of sparingly soluble bases, e.g., lead nitrate, behaved similarly. 
This phenomenon had been noted by others, O’Sullivan (Trans. Faraday Soc., 1925, 21, 319) 
attributing the change in py to the slow coagulation of the colloidal hydroxide with consequent 
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liberation of adsorbed acid, and Hughes (J., 1928, 491) believing it to be due to the slowness of 
the hydrolytic reaction. The suggestion recently made by Friedman and Stokes (J. Amer. 
Chem. Soc., 1939, 61, 118) that either the slow oxidation of quinhydrone or the contamination of 
the solution by potassium chloride is responsible is untenable, for neither Hughes nor the present 
authors used quinhydrone, and in our case at any rate potassium chloride contamination with 
the set-up used for this salt was impossible. The authors prefer O’Sullivan’s explanation. 

The p,’s for the salt solutions examined here and elsewhere are tabulated in Table V, the 
values shown being interpolated for convenience to the same dilutions for each salt. 

The variations in the values obtained for the equilibrium ‘‘ constants ” in this work are due, 
apart from experimental error, to the use of the ordinary stoicheiometric expressions for Ky 
in the absence of reliable data on the activities of the salt ions concerned, and possibly, in the 
case of multivalent ions, to the presence of side reactions. 


One of the authors (H. F. B.) wishes to thank the Governors of The Royal Technical College, 
Glasgow, for the research assistantship held by him during the above work. 


Tue Royat TECHNICAL COLLEGE, GLAsGow. [Received, June 29th, 1939.) 





107. The Reaction between Phosphorus and Iodine in Carbon 
Tetrachloride Solution. 


By D. Wy tute, M: Ritcute, and E. B. LuDLAM. 


The reaction between phosphorus and iodine in carbon tetrachloride has been 
investigated by means of iodine colour comparisons with standard solutions. In all 
cases the amounts of iodine present were less than that required to convert all the 
phosphorus into the tetraiodide. The rate of removal of iodine increased greatly at 
high phosphorus concentrations; in certain individual experiments the rate passed 
through a minimum as the concentration of reactants decreased. 

The rate of reaction was accelerated by the addition of small amounts of other sol- 
vents which give brown solutions with iodine. 


A mechanism is suggested which is in general agreement with these and other 
observations. 


THE reactions of phosphorus with bromine and iodine in solution represent in general a 
very complicated system, in which not only the kinetics but also the actual compounds 
formed are uncertain. With iodine, only the di- and the tri-iodide have been isolated in 
a state of purity and stability, although claims have been made for the existence of P,I, 
(Besson, Compt. rend., 1897, 124, 1349), P,I (Bouloch, ibid., 1905, 141, 256) and P,I, 
(Hampton, Chem. News, 1880, 42, 180). The bromine compounds PBr, and PBr, are well 
known. A heptabromide has been also reported, but P,Br,, analogous to P,I,, has not 
been obtained (cf. Besson and Fournier, Compt. rend., 1910, 150, 102). The problem is 
rendered more complex by the transformation of white into red phosphorus by light, such 
a conversion being also catalysed by small amounts of iodine and bromine. No detailed 
information regarding the kinetics of such reactions was available, so attempts were made 
to determine such a mechanism from the rates of combination of the elements. 


EXPERIMENTAL. 


Preliminary measurements showed that equivalent amounts of phosphorus and halogen react 
rapidly. Visual comparison of halogen colours with standard solutions showed that for 0-005m- 
solutions in carbon tetrachloride, the rate with bromine (determined by a streaming method) 
was approximately 2000 times that of the corresponding rate with iodine, which, in carbon 
tetrachloride containing small amounts of water, itself reached the half-way stage ina few minutes. 
The rate of removal of halogen in dry solution was accelerated by exposure to light, and by the 
addition of small quantities of water, alcohol, ether, etc.; careful attention had to be paid to 
the drying of the carbon tetrachloride used as solvent before concordant results could be 
obtained. Precautions were also necessary to prevent access of oxygen to the solution. 

Both P,I, and PI, may be prepared by mixing solutions of white phosphorus and iodine 
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in the correct proportions; solutions were accordingly made in which the amount of iodine was 
always less than that required to form P,I,. Orange crystals of P,I,, prepared by the method 
of Praxler and Germann (J. Amer. Chem. Soc., 1927, 49, 307), gave, immediately after prepara- 
tion, no blue colour with aqueous starch; a faint blue colour was, however, obtained on the 
following day on treating a benzene extract with aqueous starch. Substitution of carbon 
tetrachloride or disulphide or cyclohexane for benzene gave no blue colour. Direct experi- 
ments showed that a blue starch colour in such circumstances only became apparent at an 
iodine concentration of 0-002 g./1. In the actual measured rates of reaction between phosphorus 
and iodine, the concentration of the former was never less than that necessary to convert all 
the iodine into di-iodide, and when aqueous starch was added to the final products no blue 
colour was ever obtained. Under such conditions P,I, may thus be regarded as undissociated. 
Only after the crystals of P,I, had been kept for a week in a desiccator was some slight 
decomposition observed, with separation of red phosphorus. 

Various methods of estimating the concentrations of reactants at different times during 
reaction were examined. Here even the preliminary determination of phosphorus alone in 
carbon tetrachloride proved unexpectedly difficult. Miller (J., 1928, 1859) determined oxides 
of phosphorus by oxidation with bromine in aqueous solution, and a similar method was here 
applied. For solutions of phosphorus content comparable to that of the actual rate experi- 
ments, 20 c.c. of liquid bromine were added to the carbon tetrachloride solution under water, 
the temperature raised to 30°, and 3—4 c.c. of 4n-sodium hydroxide added. After 10 minutes, 
5 c.c. of concentrated nitric acid were added, and a stream of air was passed through the solution, 
the-system being gently heated. Organic solvent and bromine were thus removed before the 
solution reached its b. p.; this precaution appeared to be essential, for results obtained other- 
wise were always low. Simply boiling to remove bromine introduced errors of 10—40%. A 
colorimetric method was employed to determine the resultant PO,’” content, namely, the reduc- 
tion of ammonium phosphomolybdate by quinol in sulphuric acid solution (“‘ B.D.H. Reagents 
for Spot Tests,” 5th Edn., p. 56). Phosphate is here indicated by a blue colour which attains 
maximum intensity in $ hour and remains constant for a considerable time. Tests were carried 
out on phosphorus weighed out under water, and comparison was made with colours given by 
standard solutions of potassium dihydrogen phosphate. Results were as follows : 


Dg taken, @. ...ccccccccccccccccccccccccces 0309 
Pg 100, Go ccerccccvicsccccnscsvececsevece | 0208 
FEETOE, Fy ocd cscnesdsscsncccsscecessscveces OS 


In view of the fact that a colorimetric method was employed, such results were regarded as 
satisfactory. The method cannot, however, be employed to determine the concentration of 
phosphorus at any point during the reaction, and various attempts were made to find a reagent 
which would stop the reaction at a given point and could be used to estimate one reactant 
without being affected by the other or by any reaction product. In moist carbon tetrachloride, 
the rate was approximately 100 times that in the dry solvent, and the addition of aqueous 
reagents was thus in general unsuitable. Thiosulphate was unsatisfactory. The attempt to 
determine the change in phosphorus concentration during the reaction had to be abandoned, 
and only the change in iodine concentration determined under varied conditions, by employing 
the visual method based on comparison of iodine colours with standard iodine solutions. Ex- 
periments were carried out in a series of Pyrex stoppered test-tubes, blackened and kept at 
constant temperature by a thermostat. Samples of solution were removed at intervals by 
means of short lengths of the same glass tubing as that used to make the tubes.containing the 
standard iodine colour solutions, and the colour of the sample was rapidly compared with the 
set of standards. Under standard conditions maximum errors in the final observed rates were 
of the order 10%. Although neither phosphorus nor its tetraiodide appreciably absorbs green 
light, a photoelectric cell system, measuring green light transmitted by the iodine solution, 
could not be used, such light being found to accelerate the reaction. Carbon tetrachloride was 
employed as.solvent in view of its inertness and ideal solvent nature. White phosphorus was 
first heated with moderately concentrated nitric acid, and the element remained as a clear 
liquid which solidified on cooling. The solid was washed with water and then immersed in 
alcohol, ether, and in portions of carbon tetrachloride. The final solution was obtained by 
dissolving the residue in this solvent, previously saturated with carbon dioxide, keeping it 
overnight in a blackened stoppered container, and filtering the solution out of contact with air 
into a blackened flask filled with carbon dioxide and containing a little phosphoric oxide to 
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remove water. Measured volumes of such solutions were removed by means of an attached 
burette system, also filled with carbon dioxide, and the concentration determined by the colori- 
metric method previously described. Solutions of iodine in dry air-free carbon tetra- 
chloride were analysed by standard thiosulphate. Chosen volumes of the two reactant solu- 
tions, brought to 15° in a thermostat, were rapidly mixed in the blackened stoppered test-tubes, 
previously filled with carbon dioxide. Inthe absence of water, as ensured by the above methods, 


reaction was fairly slow, some hours being frequently required to complete a series of 
observations, 


DISCUSSION OF RESULTS. 


Even under conditions where P,I, was the only probable product, the relation between 
rate and concentration of reactants was obviously very complex. Table I shows the rates 
observed for different phosphorus concentrations (in g.-mol./l.) at two fixed iodine concen- 
trations. For the first, the rate of removal of iodine was observed over the range 0-00210— 
0-00190 g.-mol. of iodine, the mean value being taken to refer to [I,] = 000200; for the 
second, the rates refer to [I,] = 0-00150 (7.¢., from 0-00160 to 0-00140). The change in 
[P,] in any one experiment is small; the mean [P,] was calculated on the assumption that 
P,I, was alone formed. Rates are expressed as the reciprocals of the times in minutes’ 
for a change in [I,] of 0-0001 mol. /l. 

TABLE I. 


Initial [I,] = 0-00250. 
Rate at Rate at Rate (0-00200) | 
(Py. I, = 0-00200. [P,). I, = 0-00150. Rate (0-00150) 
0-0049 ; 0-0047 1-56 
0-0099 . 0-0097 . 1-58 
0-0149 0-0147 I 1-57 
0-0199 ; 0-0197 . 1-57 
0-0249 0-0247 ° 1-60 
0-0299 , 0-0297 b 1-75 
0-0349 . 0-0347 ° 2-14 


It will be observed that the rate increases very rapidly at the higher concentrations of 
phosphorus—a seven-fold increase in [P,] gives roughly a 160-fold increase in rate for 
[I,] = 0-00200. There is a fairly constant ratio of the rates at constant [P,], for the two 
iodine concentrations, although this ratio is greater (1-6) than the ratio of the iodine 
concentrations (1-33), and this suggests that in the earlier stages iodine is being used in a 
secondary process apart from the disappearance of phosphorus. The ratio 1-6 tends to 
increase with increasing phosphorus concentration, which would be in agreement with this 
suggestion, since the primary product will presumably be then at a higher concentration. 
The fact that the ratio of rates is not markedly different from the ratio of iodine concentra- 
tions may be due to a slow rate for the secondary reaction. Further experiment showed 
that the rate of iodine removal actually increased after reaction had been in progress for 
some time, as shown in Table II. 

TABLE II. 
Initial [P,] = 0-0084; initial [I,] = 0-00400. 


398 397 396 396 395 394 394 
300 275 250 225 200 175 150 
1-0 0-46 0-29 O14 O07 0:05 0-08 


The rate of iodine removal at first decreases and then increases; in this experiment the 
rates at [I,] = 0-00200 and 0-00150 are approximately equal, instead of giving a 1-6 ratio 
asin Table I. The sharpness of such an increase depends on the phosphorus concentration, 
but for a constant [P,] it appeared to be more pronounced the lower the initial [I,] con- 
centration, as indicated in the figure, in which initial [P,] = 0-0163 and R = — d{I,]}/dé. 

It does not seem possible to put forward any simple scheme in explanation of these 
results and at the same time include the rapid increase in rate as [P,] is increased. Such 
a mechanism must involve intermediate complexes which are not accessible to direct 
measurement. The following scheme, however, expresses in outline the general effects of 
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altered concentrations of reactants referred to above, and is, moreover, not in disagreement 
with the catalytic conversion of white into red phosphorus by traces of iodine. 
Assuming that the i at once reach stationary concentrations, we derive the 


formula 
—d{I,] a[P,)(1.) a[P, Js] 
a= alg ie) + Aggy) 


where a = k,, b = 2k,/k;, and c = 4k,/k,”. 


Initial (P,)=0-0163. 
Initial (I,)=0-00398. Initial (I,)=0-00319. | Initial (I,)=0-00199, 


ae 


7 














0 0 
002 0 602 — { OOP 
Concentration of iodine. 

For suitable values of the constants a, b, and c and for relatively low concentrations of 
[P,], the rate of iodine removal is thus approximately proportional to the iodine concentra- 
tion, as is found (see Table I). Also for [I,] = 0-00200 (Table I), values a = 100, b = 0-04, 
c = 0-06 give calculated values which agree reasonably well with experimental results in 
view of the wide range of variation in [P,], as shown in Table III. Further, where there is 


TABLE ITI. 


[P,] x 10. adele 100 150 200 250 300 350 
—d{I,}/dé, found ............ 0-036 0-098 0-36 0-94 2-0 3-5 6-0 
—d{I,]/dt, calc. ............ 0-050 0-104 0-29 0-94 1-9 2-4 9-0 


increase in rate with decreasing [I,], this is accounted for by the formula: the smaller 
[I,], the smaller the denominator ([{I,] — 6[P,]) of each factor. The whole expression does 
not become negative because of the squared term. The smaller the iodine concentration 
for a constant phosphorus concentration, the greater md relative acceleration due to the 
term ([I,] — d[P,]), as observed experimentally (see figur 

The use of the numerical values for a, b, and c of T Table III does not, however, give 
calculated values in good agreement with observed values throughout any one continuous 
experiment; the assumption that the various complexes reach stationary concentrations 
is not justified. As shown in Table IV, the results of Table I for [I,] = 0-00150 require 
slightly different values for a, b, and c from those used in Table III. 

Reactions (2) and (3) of the scheme constitute a chain mechanism which, in the absence 
of an appreciable concentration of iodine, will result in an accumulation of P, molecules. 
The production of red phosphorus in the gas phase has been shown by Melville and Gray 
(Trans. Faraday Soc., 1936, 32, 271) to be due to the recombination of P, molecules, a 
process confirmed by King and Ludlam (J., 1938, 1500) by experiments in which P, mole- 
cules were produced by ultra-violet light illumination of P, vapour. The above scheme 
accordingly affords a mechanism whereby small amounts of iodine may catalyse the con- 
version of white into red phosphorus. The reactions claimed for the “‘ compoun 
P,I and P,I, can in general be obtained with P,I,-red phosphorus mixtures. 
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There remains for consideration the accelerating effect of small amounts of water, alcohol, 
and ether on such a system. Direct experiment showed a large increase in rate due to 
addition of ethyl and methyl alcohol, acetone, ether, water, small increases with benzene 
and toluene, and no increase with chloroform, carbon disulphide, hexane, and cyclohexane. 
These groupings may be exactly paralleled by the different types of colour given by iodine 
in these solvents; ¢.g., chloroform gives a violet, alcohol a reddish-brown, and benzene an 
intermediate colour. Although the addition of small amounts of water to a carbon tetra- 
chloride solution of iodine produces no perceptible colour change, while greatly accelerating 
the rate of reaction with phosphorus, yet it seems very probable that the increased rate is 


TABLE IV. 
[I,] = 0-00150. 


—d{I,} /dé. 


Calc. from Calc. from 
[P,] x 10¢. Found. a= 100, =0-04,c=006. a= 80, b = 0-03, c = 0-06. 
50 





Po. 


— 


due, largely at least, to solvation of iodine molecules. Other experimental evidence 
supports such a view (see, ¢.g., Feigl and Chargaff, Monatsh., 1929, 58,508). Inthe present 
case we might then expect the relative rates of reactions involving iodine to be increased ; 
i.¢., @ (= ky) would be increased, b (=2k,/k,) would be less than before, and c (= 4k,/k,*) 
less still. A series of experiments comparable to those of Table I were fully carried out 
with carbon tetrachloride solutions saturated with water. Calculated results were ob- 
tained by applying formula (A) with: a = 10000, 6 = 0-01, c = 0-00001, [I,] = 0-00200, 
as in Table V. There is good agreement between calculated and experimental figures : 


TABLE V. 
[Pa] X20 ccc cccsssccesvcsccvcsees (GO 100 150 ~° 200 250 300 350 
—d{[I,]/dt, found ........0000006 0-45 0-96 1-5 2-2 3-0 4-2 6-4 
—d{Ig}/dt, calc. .......0000000. 0-44 0-95 1-6 2-3 3-1 41 5-2 
the constants a, b, and c have altered in the sense outlined above from 100, 0-04, and 0-06 
respectively. 

In general, it may be said that the suggested mechanism includes the main features of 
this complicated reaction. The visual method of analysis, however, lackssufficient accuracy, 
and can only be applied to a limited range of halogen concentrations; accordingly, no 
attempt is here made to develop the theory further. 

Bromine.—Phosphorus reacts with bromine to form the tri- and the penta-bromide. 
The compound P,Br, has not been reported. The reaction is very rapid (see p. 583), and 
in order to apply the streaming method, solutions of phosphorus and bromine were caused 
to flow at measured rates into a vertical capillary in such a way that they mixed rapidly 
and the yellow colour disappeared as the mixture passed down the tube. The yellow colour 
was compared with that of solutions of bromine of known concentration, and the rate of 
the disappearance of bromine was thus calculable and found to be about 2000 times faster 
than in the case of iodine. The rate was much less affected than in the case of iodine by 
light or the nature of the solvent. There was no increase in rate comparable with that 
exhibited by dry solutions of iodine with increasing Concentrations of phosphorus. We 
do not attempt to formulate any mechanism for the reaction. 
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108. Studies in Polymorphism. Part V. The Linear Rate of 
Transformation of Monoclinic into Rhombic Sulphur. 


By Puitip G. Ex1as, NoRMAN H. HARTSHORNE, and J. E. DENZIL JAMES. 


The linear rate of advance of the interface between §- and a-sulphur has been 
measured at 20°, 30°, and 40° on polycrystalline films, prepared under controlled 
conditions, and containing a large proportion of the 8-crystals with their b(010) faces 
in the plane of the film, and their direction of elongation (c axis) approximately at 
90° to the film edge. The rate is constant at constant temperature (in contrast to 
the behaviour of films of o-nitroaniline and mercuric iodide studied in earlier parts 
of this series), not only in the case of a straight interface started by inoculation of 
the film edge, but also in the case of nuclei growing in all directions in the plane of 
the film. The rate increases with the thickness of the film, over the range of thick- 
nesses studied (0-03—0-15 mm.). 

The apparent activation energy is 15,000 cals. to the nearest thousand calories, 
which is considerably less than the internal latent heats of sublimation of the two 
forms, which are 23,500 («-) and 22,500 (8-) cals. 


LEHMANN (“ Molekularphysik,” Vol. 1, p. 179) studied microscopically the interconver- 
. sion of rhombic («-) and monoclinic (8-) sulphur in films prepared by melting sulphur 
between a slide and a cover-slip. He found that above the transition point (95-6°) the 
linear rate increases with rise of temperature up to the melting point, whereas below the 
transition point, the rate first increases with fall of temperature, reaches a maximum and 
thereafter decreases. He also noted that the rate is markedly dependent on the previous 
thermal history of the specimen. Gernez (Compt. rend., 1885, 100, 1343, 1382) measured 
the linear rate below the transition point (transformation of 8- into «-sulphur), in tubes 
of 1—2 mm. diameter, by direct observation of the rate of movement of the interface, the 
reaction being started by inoculating the surface of the 6-sulphur with a crystal of 
«-sulphur. He found that the rate is constant at constant temperature, and that for 
certain. conditions of preparation of the @-sulphur, it is a maximum at about 55°. He 
further studied in some detail the influence of variations in the previous thermal history 
on the rate, and found that the rate decreased (1) with rise in the temperature at 
which the @-sulphur crystallised, (2) with rise in the temperature at which the sulphur 
was melted, and (3) with the length of time it was kept in a state of fusion; and that the 
rate increased with the length of time for which the $-crystals remained at the temper- 
ature at which they grew. It may be noted that the lowest temperature at which Gernez 
melted his specimens was 129-5°. His results appear to have been based on single 
observations. 

Fraenkel and Goez (Z. anorg. Chem., 1925, 144, 45) studied the rate of transformation 
of 8- into «-sulphur both dilatometrically (mass rate) and in thin films under the micro- 
scope (linear rate), the latter being confined to a few measurements at (presumably) room 
temperature. They found that if the sulphur were heated above 130° before the experi- 
ment, brown S, was formed in quantity and both the mass and the linear rates were 
considerably reduced. They also observed that between room temperature and the 
transition point, the tendency for nuclei of the «-modification to form spontaneously was 
negligible, and that the optimum temperature for nucleus formation was — 20°. 

The present paper describes measurements of the linear rate of transformation of B- 
into a-sulphur in polycrystalline films at 20°, 30°, and 40°. It was originally intended to 
extend the temperature range of study to the transition point, but circumstances have 
made it necessary to discontinue the work for the present. 

The low tendency to spontaneous nucleation of $-sulphur reported by Fraenkel and 
Goez (loc. cit.) suggested to us that sulphur would be an excellent subject for study on the 
lines of the work already described in Parts III and IV (J., 1935, 1860; 1938, 1636), 
since it meant that (1) the reaction could be started at will by inoculation after the 
substance had had time to acquire the thermostat temperature, thus avoiding the necessity 
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for extrapolating to zero time (see Parts III and IV, locc. cit.), anid (2) it would be easy 
to establish a rectilinear interface which ‘would greatly simplify the method of measure- 
ment. It was realised that these advantages might be offset by the molecular complexity 
of sulphur and the resulting sensitiveness of its behaviour to variations in its previous 
thermal history. In the event, however, the expected advantages have been fully 
realised, and by the careful avoidance of overheating and by control of the conditions of 
crystallisation, complications due to the presence of unstable molecular species have, it is 
believed, been reduced to a minimum. 


EXPERIMENTAL. 


Purification of Material‘ Pure crystalline ” sulphur (Messrs. Hopkin and Williams) was 
recrystallised once from redistilled carbon disulphide, the first crystals to be deposited being 
rejected, and was dried in a vacuum desiccator for one week. The sulphur was then placed 
in a glass tube sealed at one end, and connected at the other by means of a rubber stopper to 
a tap leading through a calcium chloride tube to a filter-pump. The sulphur was melted by 
heating the tube to a temperature not exceeding 123°, and the tube evacuated by means of 
the filter-pump. Occluded gases and residual traces of carbon disulphide were thus removed. 
The sulphur was allowed to solidify, and dry air admitted to the tube, which, when cold, was 
coarsely crushed in an agate mortar. The lumps of sulphur were picked out-with a platinum 
spatula and transferred to weighing bottles, which were stored in a desiccator over calcium 
chloride. 

Apparatus.—The apparatus was essentially similar to Apparatus 1 used for o-nitroaniline 
(Part III, Joc. cit.) but differed from it as regards (a) the slides, (b) the slide holder, and (c) the 
screen. 

Fic. 1. 














Mica Mica 


The sulphur films were confined between 3” x 1” slides separated from one another by 
cleavage strips of mica and sealed thereto with phenol—formaldehyde cement (see Part IV) 
applied in the form of an acetone solution. The slides were first cleaned, steamed, and baked 
as described in earlier parts of this series, and their thickness measured at many different 
points by means of a micrometer screw gauge, those showing variations greater than 0-02 mm. 
being rejected. During measurement the slides were stood on edge in a groove in a brass block, 
thus avoiding handling. A number of the slide and mica cells (see Fig. 1) were then built up 
(all manipulation being done with forceps) and these were piled alternately with thin strips of 
brass, placed across the ends of the slides, in a screw press by means of which a gentle pressure 
was applied to the glass-cement—mica junctions. Press and cells were then baked in an oven 
to harden the cement. The purpose of the brass strips was to prevent the cells becoming 
stuck together by excess cement forced out in the early stages of the baking, when the cement 
is very fluid. 

After the sulphur film had been introduced into a cell (see below), its average thickness 
was determined by measuring the thickness of the cell at many different points, and subtract- 
ing the average thicknesses of the slides. Since the films were much thicker (0-06—0-10 mm.) 
than those used in previous studies (0-01—0-02 mm.), their percentage variations in thickness 
due to unevenness of the glass surfaces were much less. It was possible to use these thicker 
films because of the low nucleation tendency of B-sulphur. _ 

The films were prepared as follows. The cell (Fig. 1) was laid on a hot plate, and the 
temperature raised to 123°; it was not allowed to exceed this value, in order to avoid as far 
as possible the formation of molecular species unstable at lower temperatures. By means of 
a platinum spatula a lump of the purified sulphur was placed on the lower slide at A, where it 
projected beyond the upper one, and on melting, the sulphur was drawn in between the slides 
by capillary action. More sulphur was added if necessary until the space between the slides 
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was full, and any exces’ sulphur on the step A was cleaned off with the spatula. The cell was 
then transferred to another hot plate at 100°, and 10 secs. after the transfer, crystallisation of 
6-sulphur was induced by drawing a platinum wire, trimmed to a chisel point, along the edge 
BC. Elongated crystals grew inwards from this edge, and owing to contraction, the opposite 
edge of the film was drawn in to some extent, as shown in the figure. The above conditions 
were found by trial to give films best suited to the velocity measurements. If crystallisation 
was induced sooner than 10 secs. after transfer to the second hot plate, large $-crystals giving 
a ragged interface were produced; if later, the crystals were small and tended to be opaque. 

The slide holder is shown in Fig. 2. It differed from the slide holders used in Parts III 

and IV in being air-tight and in incorporating an inoculating device. It was thought desirable 
to make it air-tight, because it seemed possible that the fall of 
Fic. 2. velocity observed in our previous studies’ on o-nitroaniline 
and mercuric iodide might have been partly due to loss of 
Pp material from the interface by evaporation. 

A was a brass box, 3” x 143” x #,”, with large glass 
windows back and front, sealed on with white vacuum wax. 
The top of the box consisted of a thick brass flange B, the 
upper surface of which was ground flat. The lid of the box, 
C, was a thick brass plate, the under surface of which was 

pO ground flat and covered with the rubber sheet D. By 
~~ means of the milled heads and bolts E, lid and box could 


Lid of be firmly bolted together, forming an air-tight joint. The 


main ce// ( 


a 


' 

' 

R cell F containing the film of 8-sulphur occupied the position 
; = shown, being held against the near window by leaf springs 
; (not shown). The inoculating device consisted of the brass 
‘ tube G screwed and sweated into the lid C, and containing a 
Ly length of piano wire H, bent in a smooth curve as shown, 
and having a small stiff brush J fixed atits lower end. This 
brush was formed of a flat bundle of test-tube brush bristles 
bound together with fine wire and soldered to H; before the 
experiment, it had been dipped in a solution of sulphur in 
carbon disulphide and allowed to dry, so that the bristles 
were thus coated with rhombic sulphur. By manipulating 
the end of H projecting above G, the brush could be caused 
to travel from one end to the other of the edge of the film 























EL of 8-sulphur (BC in Fig. 1), thus initiating the transformation 
with a rectilinear interface. The movement of the brush 
Hr was guided by the step on the film cell, and by the piano 


wire passing through the small hole in the brass plug K, fixed 
in the lower end of G. K was ground off flush with the under 
F surface of C. When not in use, the brush was drawn up to 
+-—A the top of A so that the rubber-faced brass washer L which 
was soldered to H was pressed against the underside of K, 
a circular opening having been left in the rubber sheet D to 
allow of this. The holder was then completely sealed. The 
brush was held in this position by the compression of the 
spring M between the washers N and O, which were fixed in position by the screw P and the 
removable key Q respectively. 

The apparatus was put inside the main cell in the thermostat [Part III, Fig. 1 (a), E), B 
and C being a sliding fit in this cell, and it was fixed in position at any desired height by the 
screw R. 

The screen was a sheet of plywood suitably supported and stiffened, on which was fixed a 
sheet of white cardboard ruled vertically with parallel lines in Indian ink. This was held to 
the plywood by horizontal cork-lined strips of wood running across the top and bottom, and 
clamped to the plywood with bolts and wing nuts. The position of the cardboard could thus 
be easily adjusted. The screen was at a distance of 16 ft. from the projection lens of the 
apparatus, and the magnification obtained was x 27. The distance between the lines on the 
cardboard was 27 x 0-25 mm., i.¢., it corresponded to a distance of 0-25 mm. on the actual 
film. 

Method of carrying out an Experiment.—The position of the cardboard screen was adjusted 
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so that the first line was coincident with the image of the film edge BC (Fig. 1). After time 
had been allowed for the film to acquire the temperature of the thermostat, this edge was 
inoculated, and any slight shift of the film cell resulting from this operation was remedied by 
a further adjustment of the screen. The «-modification appeared in a finely divided form, 
almost opaque to light, and so the position of the interface was very sharply defined. The 
time required to reach thermostat temperature varied from 25 to 45 minutes, depending on 
the temperature, and had been found previously by a method similar to that described in 
Part IV. 

The interface was usually almost exactly a straight line up to the first 0-25 mm. of its 
travel, but thereafter developed a more or less irregular contour. The first method used to 
time the reaction was simply to estimate the mean times taken for the interface to reach the 
successive lines on the screen, by taking the means of the respective times at which the most 
forward point and the most backward point on the interface reached each line. Any abnormal 
promontories or indentations were ignored, and if an appreciable section of the interface was 
as a whole more advanced or more retarded than the rest, it was timed separately. A number 
of films were measured in this way by gne of us (P. G. E.) until, on taking the results in the 
order in which they were obtained and dividing them into two halves, the average velocity 
calculated from the first half agreed to within a few units % with that calculated from the 
second half. This was taken to indicate that sufficient measurements had been made to yield 
a characteristic value. These measurements were confined to 20° and 30°, and the results 
corresponded to an apparent activation energy of 13,600 cals. 

There was a very large personal factor involved in this method, owing to the responsibility 
laid on the experimenter of deciding what sections of the interface were ‘“‘ abnormal,” and this 
was demonstrated when the work was taken over by another of us (J. E. D. J.), who was 
unable to repeat the results already obtained at 30°. The method had the further objection 
that, since comparatively great lengths of the interface were timed as a whole, the degree of 
approximation of the ‘‘ mean time ”’ as defined above to the true mean time of crossing a line 
depended very much on the contour of the interface. It was therefore abandoned for the 
more trustworthy statistical method described below. It is noteworthy, however, that 
although the absolute values of the average velocities obtained by the two methods differed 
appreciably (in the ratio of about 2 : 3), the results for the apparent activation energy agreed 
to within 2000 cals. 

The statistical method consisted in ruling the screen into 20 horizontal sections, each of 
width equivalent to 1-5 mm. on the actual film, and noting the mean time required for the 
interface to advance across the intervals of 0-25 mm. defined by the vertical lines in each 
section. The mean times were then plotted on a distribution curve and treated by statistical 
methods. The interface movement was followed for a distance of 1-5 mm., so that the total 
number of mean time readings obtained from each film, it being assumed that no part of the 
interface was ignored, was (1-5/0-25) x 20 = 120. It should be explained that this treatment 
of the time values together, irrespective of the distance from the film edge to which they 
referred, was possible because the rate was found to be linear in agreement with the observ- 
ations of Gernez (loc. cit.). The method of timing was to inspect the screen every 2 mins. at 
20° and 30° and every minute at 40°, and note in which sections the interface had just reached 
a vertical line or was on the point of having completely passed over it. Eventually this 
resulted in a record of two times for every 0-25 mm. of advance in every section, one time 
being that at which the most forward point of the interface had reached the line, and the 
other that at which it had just all passed over, accurate to within 2 mins. at 20° and 30°, and 
1 min. at 40°. The mean of these two times was taken as the mean time of crossing. Since 
the sections were so short, abrupt changes in the contour of the interface were given much 
more nearly their correct weight in the final analysis than in the first method, where they 
were liable to exert a wholly disproportionate influence. The personal factor was almost 
entirely eliminated in the second method, since no part of the interface was ignored except 
for some quite unequivocal reason such as incomplete inoculation. 

The projection lamp was only switched on when the screen was being inspected, and 
previous experiments with thermocouples had shown that illumination of the film at the 
intervals given above and for the few seconds needed to carry out the inspection did not 
appreciably raise its temperature. 

Study of Nucleay Growth.—Films which had only been melted once did not nucleate spon- 
taneously (cf. Fraenkel and Goez, Joc. cit.) except on very rare occasions. Films that had 
been remelted, however, usually developed a few isolated nuclei in the interior, and these 
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nuclei grew as roughly circular patches. The growth of a number of these was measured at 
20° by tracing their outline on the screen at intervals of about one hour, and determining the 
average linear rate of advance of the interface from the tracings as follows. If the tracing 
was a completely closed area, it was measured with a planimeter and the interface advance 
taken as the radius of a circle of equal area. If not, the planimeter-rotameter method used 
for mercuric iodide (Part IV) was applied. 

Since the spontaneous nucleation of the remelted films indicated that remelting had caused 
some change in the system, they were not used for the studies of growth induced by inoculation 
of the film edge, which formed the main part of the work. 


DISCUSSION OF RESULTs. 


At an early stage in the work it became apparent that, as found by Gernez (loc. cit.), 
the linear rate of advance of the interface obtained by nucleation of the film edge is con- 
stant at constant temperature, at least up to a distance of 1-5 mm., which was the limit 
of our measurements in most cases. This is in sharp contrast to the decline of velocity 
observed with o-nitroaniline and mercuric iodide, and is not to be explained on the basis 


Fic. 3. 
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of a small difference of density between «- and §-sulphur, as the following calculation 
shows. Mercuric.iodide, which shows a strong decline within the first 1-5 mm. of advance, 
has d 6-322 (red) and 6-092 (yellow). The ratio of the corresponding linear dimensions of 
compact polycrystalline blocks of equal weight of the red and the yellow form is therefore 
(6-092 /6-322) = 0-988. The corresponding ratio for sulphur is (1-938/2-036)* = 0-984, if 
one uses the densities calculated from the X-ray measurements of Warren and Burwell 
(J. Chem. Physics, 1935, 3, 6) and Burwell (Z. Krist., 1938, 98, 123). Hence, the shrinkage 
on transformation should be slightly the greater in the case of sulphur. A possible 
explanation of the absence of a fall of velocity is that the crystals in the sulphur films 
show a decidedly preferred orientation (see later) with regard both to the plane of the 
film and to its edge, and that the transformation in crystals having this orientation involves 
shrinkage in directions other than those in the plane of the film. Hence, no gap is formed 
and no hindrance to the advance of the interface develops. 

Table I and Fig. 3 give the average time (f)-distance (s) relationships. The points lie 
very nearly on straight lines which extrapolate to the origin at 30°, and to slightly above 
it at 20° and 40°. The latter deviations are probably due to the conditions being somewhat 
abnormal near the edge of the film, for it was observed microscopically that here the 
crystals were somewhat smaller than those farther in, and it was also possible that the film 
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was slightly thicker owing to roughness at the edge of the glass (thicker films show higher 
rates; see later). Further, the inoculating brush probably penetrated some little way 
beyond the edge in places, and gave the interface an “ unfair ” start. 





























TABLE I. 
Average time (t)-distance (s) results. 
# (mins.) at 
s(mm.). 20°. At. 30°. At. 40°, At. 
0-25 37-0 17-3 6-9 
44-1 20-4 8-8 
0-50 81-1 37-7 : 15-7 
40-2 . 16-8 9-1 
0-75 121-3 54-5 24-8 
43-7 18-4 9-6 
1-00 165-0 72-9 34-4 
45:5 19-6 10-1 
1-25 210-5 92-5 44-5 
42-7 18-4 8-9 
1-50 253-2 110-9 53-4 
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Angle made by fast direction to tim edge. Extinction angles. 
(a) (b) 


The numbers on the absciss@ give the upper limit to the group. For instance, in (a), 50° means 
41—50°; im (b) the last group contains 6 values, viz., 40—45°. 


A systematic examination of the first 1-5 mm. of a typical film of §-sulphur under the 
polarising microscope showed it to consist of long tabular crystals, many showing signs of 
having been formed by a dendritic type of growth, interspersed with material which was 
too finely divided or too confused to be resolved. Most of the tabular crystals showed 
extinction angles of about 45° with reference to their axis of elongation, and this axis was 
at or near 90° to the edge of the film. Groth (‘‘ Chemische Kristallographie ”’) gives 44° 
as the maximum extinction angle of 6-sulphur, so that these crystals may be identified as 
lying on the b(010) face. The “ fast” and “‘ slow” directions were determined by means 
of cleavage flakes of gypsum (the crystals were too thick for the ordinary compensators 
to be of any use), and Fig. 4(a) shows the distribution of angles (in groups of 10°) made 
by the fast direction to the film edge for 38 crystals having extinction angles of 40—45°. 
Fig. 4(b) shows the distribution of extinction angles (in groups of 5°) among 73 crystals. 
In addition, 10 crystals were observed which gave no, or only a faint, extinction and were 
therefore optic axial sections (indices h0/, from Groth’s description). Fig. 4(6) indicates 
three favoured positions corresponding to extinction angles of O—4°, 25—29°, and 40—45°, 
the last predominating, as stated above. The first two of these positions are probably 
determined by other faces parallel to the c axis, in which case the first would be determined 
by the a(100) face. 

In Fig. 5 are shown the curves (unbroken lines) giving the distribution of the times, 
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determined as described in the ‘‘ Experimental ”’ part, required for the interface to advance 
0-25 mm. The first measurements for which this method was used were done at 30° on 
13 films, involving the taking of some 1500 time readings, and as can be seen from the 
figure, an almost smooth distribution curve was obtained. A similar number of time 
readings were therefore taken at 20° and 40°. The curves are all similar in being slightly 
skew towards the lower time values, and there is doubtless a connexion between this and 
the distribution of crystal orientations. The time values, expressed in minutes, were 
collected into groups of 4 at 20°, 2 at 30°, and were plotted without grouping at 40°. The 
figures given on the abscisse are the averages for each group at 20° and 30°; for instance, 
the figure 39-5, the value for the peak (mode) of the curve at 20°, is the mean of the group 
38, 39, 40, 41. 

The position of the mode on the time axis was fixed by calculating Pearson’s coefficient 
of skewness. The broken curves are normal distribution curves fitted around the mean 
value and enclosing the same area as the experimental curves. These curves were con- 
structed by standard statistical methods. The standard deviations between the experi- 
mental and the normal curves are: at 20°, 0-46; at 30°, 0-48; at 40°, 0-40; and these 
show a reasonably close agreement. It is therefore evident that the peaks of either the 
experimental or the normal curves may be taken as characteristic of the linear rate at the 
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different temperatures under the conditions of preparation of the films, film thickness, 
and crystal orientation already specified, and afford a satisfactory basis for computing the 
apparent activation energy. Fig. 6 shows the result of plotting the logarithms of the 
rates based on the experimental peaks (modes), the normal peaks (means), and the slopes 
of the s-¢ graphs in Fig. 3, and the relevant data are collected in Table II. The corre- 
sponding activation energies are 15,500, 15,150, and 14,500 cals. respectively, of which 
the first two may be taken as the more trustworthy. 


TABLE II. 
Times (mins.) for an interface advance of 0-25 mm. 
20°. 30°. 40°. E (cals.). 
BOE * sicttscnsvesteacenecesssecadocsien ‘GO 17-5 7-5 15,500 
MEGOM - cesccccevcccscevecssocsocsssescscces §=—S 18-5 8-5 15,150 
PE. cecsnpatessvedings enqesieyese: 1 Ae 18-5 9-25 14,500 


The internal latent heats of sublimation of «- and @-sulphur calculated from the 
vapour-pressure measurements of Neumann (Z. physikal. Chem., 1934, 171, 416) are 
23,500 and 22,500 cals. respectively. A calculation of the apparent activation energy 
over the range 20—30° on the assumption that molecules must acquire the heat of 
sublimation in order to move from one lattice to the other has been made by the method 
given in Part IV (p. 1644), and the result is about 22,000 cals. This figure is derived 
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from scalar properties of the substance, whereas the experimental value of the apparent 
activation energy has a largely vectorial basis, owing to the preferred crystal orientation 
shown by the films. A direct comparison between these figures cannot therefore be 
made, but their difference is so large that, unless the activation energy or the heat of 
sublimation varies widely from face to face, it may be concluded that, as was found in 
the case of mercuric iodide, a molecule needs less activation energy for the transformation 
than that which it must acquire to escape completely from either lattice. 

Effect of Film Thickness.—The films used for the above experiments had average 
thicknesses ranging from 0-06 to 0-10 mm. Thinner films would have shown latge per- 
centage variations in thickness owing to the unevenness of the glass slides, and thicker 
films were not so easy to study as they stopped a good deal of light and gave a dull image 
on the screen. Some experiments were made with thinner (0-03—0-05 mm.) and with 
thicker (0-12—0-15 mm.) films, and these showed that the average rate increases with 
film thickness, the rate for the thicker films being about 1} times that for the thinner ones. 
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Nuclear Growth.—The growth of 26 nuclei in remelted slides was studied mainly with 
the object of finding out whether they would exhibit a fall of velocity. As already 
indicated, the advance of the interface obtained by inoculation of the film edge proceeds 
very largely along the length direction of the ®-crystals, whereas the growth of a nucleus 
in the interior of the film proceeds in all directions in the plane of the film, and might 
cause the formation of cracks and a slowing up of the reaction in certain of these direc- 
tions. The rate proved, however, to be constant and of the same order as that of growth 
from the film edge. It would appear therefore that the shrinkage must be confined, at 
least mainly, to directions other than those in the plane of the film, unless perhaps cracks 
develop in the «-form after the interface has passed, and not at the interface. Certainly 
the opacity of the «-form indicates that it is extensively broken up. Further work is 
obviously needed to settle this point. 


Our thanks are due to Professor S. Sugden, F.R.S., for the fruitful suggestion that statistical 
methods could be applied with advantage to this work, to Professor A. R. Richardson for 
much helpful advice and discussion regarding the details of applying these methods, and to 
Mr. H. R. Hopkin for carrying out the statistical calculations. 
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109. Adsorption at the Interface between Two Fluids. Part III. The 
Adsorption of Five Dyes at a Mercury—Water Interface. 


By C. W. Gipsy and C. ARGUMENT. 


The adsorptions of methylene-blue, Congo-red, Bordeaux extra, indigo-carmine X, 
and Solway ultra-blue B at mercury—aqueous solution interfaces have been measured. 
In each case the adsorption passes through a maximum as the concentration increases, 
and is always positive. Interfacial-tension measurements have also been made, and 
values of the adsorption calculated from them by means of Gibbs’s equation. These are 
not in agreement with the measured values, and are in some cases negative. 


In Parts I and II (J., 1936, 119, 1306) the adsorptions of certain dyes at water—organic 
liquid interfaces were measured, and compared with those calculated by means of Gibbs’s 
equation, I’ = —c(de/dc)/RT, from measured values of interfacial tensions. 

The present report deals with the adsorptions, at the mercury—water interface, of three 
of these same dyes, Congo-red, Bordeaux extra, and methylene-blue, and also of two 
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I. Methylene-blue (measured). 
Il. Methylene-blue (theoretical). 


others, indigo-carmine X (the potassium salt of indigotin-5 : 5’-disulphonic acid) and 
Solway ultra-blue B (the sodium salt of 1-amino-4-anilinoanthraquinone-2-sulphonic acid). 
The last two were chosen to include two types of structure, indigoid and anthraquinonoid, 
not previously studied. Attempts to carry out measurements of this type for the mercury— 
water interface seem to be limited to those of Patrick (Z. physikal. Chem., 1914, 86, 545), 
whose determinations are only comparative. 

With all five dyes the measured adsorption passes through a maximum with increasing 
concentration (Figs. 1, 2,3; Table I). A similar phenomenon was observed in many of 
the cases previously studied (locc. cit.), though both the adsorbing liquid and the experi- 
mental method were entirely different. 

The areas of interface per molecule adsorbed at the concentration of maximum adsorp- 
tion are shown in Table II, together with the approximate areas of the molecules, found by 
drawing projections of their outlines to scale on a plane, as in PartsI and II. It has been 
assumed that the molecule of Solway ultra-blue B is coplanar, hence the area estimated in 
this case is a maximum value. The ratios of the two sets of values suggest considerable 
orientation of the molecules at the interfaces. The difference between the ratios for 


Congo-red and Bordeaux extra is striking, as the structures of these two dyes are closely 
related. 
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III. Congo-ved (measured). 
IV. ,, 4 (theoretical). 
V. Bordeaux extra (measured). 
VI. at s (theoretical). 


TABLE I. 


Surface Adsorption Surface Adsorption 
area > iti 
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cm.?, 


Surface ——— 


HEHEHE HEHE 
BIH OD 
COA n vw 


Indigo-carmine. 


2-8 + 0-3 
2-5 + 0-3 
2-0 + 0-2 


Solway ultra-blue. 
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TABLE II. 


Area of interface per molecule 

Actual area, a.2.. at maximum adsorption, 4.’. 
Methylene-blue ............eeeeeeee 140 
COMMOTOE ccc ccscscccccscccoccvessese 192 
Bordeaux extra ..........ce eee eeeeee 153 
Indigo-carmime ...........ssseeeeeee 168 
Solway ultra-blue ...............60+ 176 
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VII. Indigo-carmine (measured). 

VIII. (theoretical). 

IX. Solway ultra-blue (measured). 
X. ‘a a (theoretical). 


Interfacial tensions between mercury and aqueous solutions of the dyes have been 
determined by a drop-number method, and are shown in Fig. 4 and Table III. Exact 
agreement between measured adsorption and that calculated from the form of Gibbs’s 
equation quoted above is not to be expected, on account of the latitude in evaluating 
da/dc, the use of concentrations instead of activities, and of factors such as the influence 
of electrical double layers, of which Gibbs’s equation takes no account. The values of the 
interfacial tensions and of the adsorption coefficients calculated from them are nevertheless 
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TaBLeE III, 


Concn., Drop o, Concn., Drop g, Concn., 
g./l. “= no. dynes/cm. g. /1. no. dynes/cm. g./l. 
Methylene-blue. 


0-000 208 374 } 222 352 1-000 
0-100 215 363 : 226 346 2-000 


Congo-red. 
0-000 208 374 , 225 347 
0-022 213 366 : 225 347 
0-044 216 361 : 224 348 
0-063 220 221 352 
0-125 224 , 220 354 


Bordeaux extra. 


223 350 
225 347 
226 346 
225 347 
218 358 


Indigo-carmine. 
0-000 208 . 322 
0-063 223 . 316 
0-125 230 . 313 
0-250 238 . 311 


12 


S83 £3885 


0-000 208 
0-050 212 
0-100 214 
0-200 218 
0-300 221 


eeeee 
at 
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Solway ultra-blue. 


0-000 208 . 223 359 4-000 
0-050 210 , 227 344 5-000 
0-100 212 . 229 341 7-000 
0-200 217 . 231 339 


recorded (Table III, Fig. 4; Figs. 1, 2, 3) because of the great discrepancies between the 
latter and the measured values. With methylene-blue, Solway ultra-blue B, and indigo- 
carmine X the interfacial tension falls with increasing concentration to a practically con- 
stant value, leading to a “ theoretical ’’ adsorption curve of the same form as that found 
by measurement, though of different dimensions. In this they resemble the behaviour of 
methyl-orange, Congo-red, and Bordeaux extra when adsorbed on benzene, chlorobenzene, 
and light petroleum. For the last two dyes the interfacial tension-concentration curves 
show two inflexions, similar to those found for the surface tension of laurylsulphonic acid 
and quoted by McBain and Mills (“‘ Report on Progress of Physics,” 1938, 5, 30, where 
references are given to other tension curves which reach or pass through a minimum). 
These lead to “ theoretical’ values for the adsorption which change from positive to 
negative and again from negative to positive with increasing concentration. This change 
of sign is independent of the use of concentrations instead of activities in Gibbs’s equation, 
and of errors in assessing the numerical magnitude of do/dc. In none of the cases investi- 
gated do the curves representing the ‘‘ theoretical ’”’ and measured adsorptions coincide at 
small concentrations, as would be the case if the only cause of the discrepancy were the 
omission of activity coefficients. No evaluation of possible activity coefficients could be 
carried out, therefore, as was done for methylene-blue (on chlorobenzene), Congo-red (on 
benzene), and Orange-II (on light petroleum) in Part II. 


EXPERIMENTAL. 


Adsorption Measurements.—Mercury stored in a reservoir A (Fig. 5) fell in a very rapid 
stream of small drops through a fine jet B, dipping below the dye solution contained in the 
inclined tube C. The drops moved slowly down to the syphon D, through which they passed 
as a sludge, aided if necessary by gentle stirring with a glass rod, and fell into a beaker E. The 
stability of the drops was such that in all the recorded experiments, except some of those with 
the most dilute solutions, very little coalescence could be detected in the syphon D. In some 
cases, particularly with Bordeaux extra, the drops remained stable for as long as two months, 
and coalescence of the mercury could be brought about only by centrifuging at high speed. 
In the cases of greatest stability the mixture of mercury and solution was uniformly semi-solid, 
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and only after centrifuging could a distinct layer of solution be seen on top of the mercury. 
The volume of the mercury used was measured directly, centrifuging being carried out first if 
necessary. The volume of the solution carried through with the mercury was that added 
from a burette to keep a constant level in the graduated neck F. The difference in concentration 
between the original solution and that in E was measured in a tintometer. It was found neces- 
sary to centrifuge the solution again before comparison, to remove a large number of extremely 
minute drops of mercury, probably secondary drops formed at the jet, which otherwise pro- 
duced a spurious deepening of the tint. The size of the mercury drops was found by catching 
a number of them on a lightly greased glass plate held under the surface of a solution a short 
distance below the jet. The diameters were then measured on the calibrated eyepiece scale 
of a microscope. A large majority of the drops were of uniform diameter within 2%, and very 
little variation was caused by changes in the concentrations of the solutions, the drops not being 
formed under quasi-equilibrium conditions, as was the case in the measurement of interfacial 
tensions. The values so obtained, of the order of 0-02 cm., were confirmed by measurements on 
drops caught on greased plates as they emerged from the syphon D, and on others which had 
been flowing for some time down a gentle slope. Different times of contact between the mer- 
cury and the solution were ensured by using alternately two adsorption tubes of different 
lengths, 45 and 60 cm., and by varying the angle of slope. Inthe majority of the experiments 
recorded the time of contact was 1-5—2 mins. The drop sizes were varied by using different 
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jets. As variation in these factors produced no corresponding variation in the results, it 
was concluded that the interfaces were saturated. All measurements were carried out at 
approximately 17°. 

Interfacial Tensions.—The drop pipette used for the determination of drop numbers against 
the dye solutions was made from fine-gauge capillary tubing, blown out into a bulb of 1-206 c.c. 
capacity, measured between two constrictions formed above and below it. The lower constric- 
tion was of such a size that about 10 mins. were required to fill the bulb with mercury from 
below by evacuating from above with a pump. The average radius, measured along several 
diameters with a travelling microscope, was 0-0400 + 0-0002cm. The falling drops were counted 
automatically, as in previous work, and an average of several successive readings with each 
solution was taken when exact agreement to 1 drop was not obtained. The values of o and 
da/dc were calculated (as in Parts I and II) from smoothed curves of drop number plotted 
against concentration. No difference in drop number for a single solution was found by 
altering the time of formation of the drops from 4 to 20 secs. The time of formation used was 
12—15 secs. . 

Materials.—The mercury was purified at frequent intervals by the method of Russell and 
Evans (J., 1925, 127, 2221). The methylene-blue, Congo-red, and Bordeaux extra were from 
the samples used in PartsI and II. The indigo-carmine and Solway ultra-blue had been purified 
by Messrs. Imperial Chemical Industries, Ltd. (to whose Research Department of the Dyestuffs 
Group we are indebted for the gift of these and other dyes) and were not further treated. All 
solutions were made in distilled water. 


THE DuRHAM COLLEGES IN THE UNIVERSITY OF DURHAM, 
DuRHAM. [Received, February 19th, 1940.]} 
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110. X-Ray Studies of the Porphins. 
By IpA Woopwarp. 


A preliminary X-ray examination of tetrabenzporphin and tetrabenzmonazaporphin 
shows that, although belonging to the same space group C$,(P2,/a) as the phthalo- 
cyanines, they differ considerably from the latter in the cell dimensions. The b-axis has 
increased from 4-7 a. to 6-6 4., thea and c axes being diminished so that the volume of the 
unit cell is little altered, and the 8 angle is practically unchanged. Considerable altera- 
tions in the intensities of the reflexions are also observed. These changes cannot be 
accounted for without assuming a considerable change in the packing of the molecules. 


INFORMATION of interest, for theories both of molecular structure and of the packing of 
molecules, can be obtained from an X-ray study of the phthalocyanines and related com- 
pounds. Small chemical changes, such as the substitution of a metal for hydrogen, or of 
one or more —CH= groups for —N=, must slightly modify the resonance forces in the 
molecule and in consequence affect its detailed structure and also its packing in the crystal. 

A preliminary account is now given of the effect of the replacement of three and four 
nitrogen atoms by CH groups. In the following scheme and table are shown the compounds 
so far investigated, the data in the last two columns being new. 
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Phthalocyanine, various metal derivatives. Metal- ae ale ae at = 2, 3 and 4. 
Tetrabenziriazaporphin CH group at 1. 
Nitrogen at 2, 3 and 4. 
Tetrabenzmonazaporphin CH group at 1, 2 and 3. 
Nitrogen at 4. 
Tetrabenzporphin CH group at 1, 2,3 and 4. 


Crystal Data of Phthalocyanines and Porphins. 


Platinum Nickel Tetrabenz- Tetrabenz- 
phthalo- phthalo- Phthalo- ee , oon 
cyanine, cyanine,? cyanine, in, in, 
CaHANPt. Cy,H gNgNi. C3,H, Ng. & ww. i aN. 
23-9 5 ° 19-85 17-6 
3-81 . . 4-72 6-61 
16-9 . . 14:8 12-5 
B . cece : ; 122-25° 122-7° 
Volume of unit ‘cell, ‘A? ... 1186 1218 
r} gl Cabbedsdosenetoued 1-98 ‘I . oo 1-40 
deeee oie 1-97 1-445 _ 1-39 
No of electrons per unit cell 684 532 532 
1 Robertson and Woodward, this vol., p. 36 
2 Idem, J., 1937, 219 detailed studies, 
% Robertson, J., 1936, 1195 
* Idem, J., 1939, 1811. 


In all cases there are two molecules per unit cell, and the space group is C3,(P2,/a). 
The probable errors in the new data are estimated to be : for tetrabenzmonazaporphin, 
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+ 1% for 6 and c and + 2% for a, + 1° for the angle @ and + 0-02 for d (flotation); for 
tetrabenzporphin, + 4% for a and c, + 1% for b, + 2° for the angle 8, and + 2% ford 
(flotation). 

Discussion of Structure.—The table shows a striking change in the axial lengths as we 
pass from tetrabenztriaza- to tetrabenzmonaza-porphin. A similar but less marked differ- 
ence exists between those of platinum phthalocyanine and nickel or metal-free phthalo- 
cyanine. In the last two, the detailed study of the structure has shown that the-approxi- 
mately square, flat molecules are of nearly the same size, which therefore depends little on 
the central hydrogen atoms. The change in cell dimensions is due to a difference in 
molecular packing on introducing platinum. In both methods of packing, one edge of the 
square molecule is almost parallel to the (010) plane, being inclined to it at about 2°, and 
the other edge is inclined at an angle of about 27° for platinum and about 44° for nickel and 
metal-free phthalocyanine. The perpendicular distance between the successive molecules 
lying along the b-axis remains practically unchanged, being about 3-38 A. 

If we assume for the molecules of tetrabenzmonazaporphin the same general size and 
shape and the same distance, 3-38 A., between the parallel molecules situated along the 
b-axis, the angle between the plane of the molecule and the (010) plane must be about 60°. 
The further assumption being made that one edge of the square is again near the (010) 
plane, it does not seem possible to account for the observed intensities of the main reflexions 
in the (01) zone. It is necessary, therefore, to suppose that some further change in the 
orientation takes, place, as, ¢.g., that both sides of the square are considerably inclined to 
the (010) plane. An alternative supposition is that the more complete substitution of 
-CH= groups for -N= may cause an appreciable change in the shape of the molecule. 
An investigation on the lines adopted for metal-free phthalocyanine and its nickel derivative 
would appear to be required to give a detailed solution. 


EXPERIMENTAL. 
Tetrabenzporphin.—No crystal of tetrabenzporphin really satisfactory for X-ray examination 


could be found among the small supply of material available, and although the b-axis was 
determined in the usual way by measurements of a fixed-plate rotation photograph about that 
axis, the a and c axes and the angle 8 were found from a rather poor b-axis rotation photograph 
taken on the two-crystal moving-film spectrometer (Robertson, Phil. Mag., 1934, 18, 729). 
No significant difference could be detected, in either the spacing or the intensity of the reflexions, 
between these and the corresponding photographs of tetrabenzmonazaporphin. From this it 
follows that there is little difference between the two compounds as regards the dimensions and 
arrangement of the molecules, and that tetrabenzporphin belongs to the same space group, 
C3,(P2,/a) as tetrabenzmonazaporphin. 

Tetvabenzmonazaporphin.—For tetrabenzmonazaporphin more reliable results could be 
obtained. Fixed-plate and moving-film rotation photographs were taken about all three axes. 
A further rotation photograph about the [102] axis gave its measured length as 21-25 a., whereas 
the value calculated from a, c, and 8 given above is 21-38a. The angle 8 was obtained by 
goniometer readings of the angles between the reflexions from the faces of the crystal. 

The crystals, like those of the phthalocyanines, are opaque, dark blue in colour with a 
metallic sheen, and elongate along the b-axis to form friable laths. No end faces were observed, 
the laths being terminated by fracture, or tapering gradually. The flat face of the lath was 
found to be the (201) plane, and the (001) was also developed, though much less strongly. The 
(100) was also found in some cases, but was in general very feebly developed. It is noteworthy 
that in the phthalocyanines the flat face of the lath is the (001). 

Many aggregates of very slender crystals, with their b-axes almost parallel, were observed, 
and it was, in fact, difficult to find specimens consisting of only one crystal. These aggregates 
split up readily, but the component parts were in general too small to be of use. 

A visual estimate of the intensities of the reflexions on the moving-film rotation photographs 
of tetrabenzmonazaporphin showed that they differ in a very marked degree from those given 
by metal-free phthalocyanine. For instance, the (200) reflexion is comparable in intensity with 
the (001), and the (202), comparatively weak in phthalocyanine, is for tetrabenzmonazaporphin 
second in intensity only to the (400) reflexion. 

It should be noted that the molecular symmetry (centre) required by the space group 
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C3,(P2,/a) is at variance with the chemical requirements. This may be due, as has already been 
pointed out in the analogous case of tetrabenztriazaporphin (Robertson, J., 1939, 1811), to the 
existence of an undetected super-lattice, or to a statistical distribution of the molecules with 
regard to the unique nitrogen atom. Calculation shows that the intensities of the reflexions 
from such a super-lattice, if it existed, would be far too faint to be detected in the present 
investigation. 

Magnetic Data.—Some information concerning the magnetic properties of tetrabenzmonaza- 
porphin has been kindly provided by Mrs. Lonsdale. Although the small amount of material 
available and the small size of the individual crystals prevented detailed magnetic measure- 
ments, it could be established that the crystals are strongly anisotropic, the maximum magnetic 
susceptibility being normal to the (201) plane. The minimum susceptibility, perpendicular 
to the b axis in the (201) plane, was found to be very nearly equal in magnitude to that (— 166 x 


10-*) of phthalocyanine, but in the latter case it was perpendicular to the (001) (Lonsdale, J., 
1938, 365). 






Thanks are due to the Managers of The Royal Institution for facilities for carrying out this 


research, to Professor R. P. Linstead for crystal specimens, and to Mr. A. R. Ubbelohde for help 
and advice. ; 
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111. Structure of the Aluminium Lakes of Some Azo-Dyes and of 
Alizarin. 


By W. F. Breecu and H. D. K. Drew. 


A study of the behaviour of several oo’-dihydroxyazo-compounds with salts of 
aluminium showed that the lakes produced with this metal are similar in structure to 
those of tervalent chromium. In general, the aluminium lakes were much less stable 
to acids than the corresponding chromium lakes, and, probably for this reason, they 
were prepared with greater difficulty. Good yields, however, were obtained from the 
monosulphonic acids of two azo-dyes. The degree of hydration in corresponding cases 
in the two series of lakes is notin generalthesame. The part played by asulphonic acid 
group, when present in one of the aromatic nuclei of the azo-dye, is the same in the 
lakes of both metals, this group and the two hydroxyls serving to neutralise the three 
valencies of the metal. Definite aluminium lakes of alizarin were isolated; their 
structures and possible connexion with the Turkey-red lake are discussed. 






















THE object of the work was to compare the lakes of another tervalent metal with those of 
chromium (Drew and Fairbairn, J., 1939, 823), as regards structure, composition, and 
stability, in order to see if there was anything exceptional in the behaviour of chromium. 
Aluminium was chose, since this metal still has a value in mordanting processes, and 
nothing appears to be known regarding its lakes with the azo-dyes. 

As in the case of chromium, we were not able to isolate any definite lakes of aluminium 
with the o-monohydroxyazo-dyes; and it must probably be concluded that such lakes, 
if they can be formed, are unstable. With the o0’-dihydroxyazo-dyes, however, aluminium 
formed well-defined lakes, although not so readily as chromium. The acidity of the 
medium throughout the reaction seemed to be a decisive factor in the case of aluminium ; 
and this was verified both directly and by finding that the aluminium lakes, both in sub- 
stance and when present on fibres, were much less stable to mineral and organic acids than 
the corresponding chromium lakes. 

When aluminium chloride was condensed with o-hydroxybenzeneazo-f-naphthol, in 
alcoholic solution, the chief product was the red-brown aluminichloride pentahydrate (I), 
which may be compared with the tetrahydrate, more purple in shade, formed in the case 
of chromium (loc. cit.). The alumini-complex was soluble in water, the red solution con- 
taining ionised chlorine; it was readily decomposed by mineral acids. The complex, 
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when partly dehydrated, became soluble also in ether and other organic solvents; when 
completely dehydrated, it lost part of its halogen as hydrogen chloride. Dilute aqueous 
ammonia or potassium chromate converted the complex into its red-brown oxide tetrahydrate 
(II), which was insoluble in water, but soluble in ether; this substance was also prepared 


Cl 3H,0 0, 2140 


(1) o- Alm ? nes 
N 
¢ ,2H,O 


directly from the azo-dye and aluminium chloride in the presence of sodium hydroxide. 
A by-product, in the condensation giving rise to (I), was a reddish black-substance, soluble 
in aqueous ammonia, containing two dye residues per atom of aluminium; this was 
probably the acid alumini-complex, [Al(C,,H,)O,N.).]H,2H,O, corresponding with an acid 
complex already described (loc. cit.) in the case of chromium. 
2’-Hydroxy-5’-sulphobenzeneazo-f-naphthol condensed with aqueous aluminium 
sulphate in the presence of sodium hydroxide, giving lustrous red needles of the alumini- 
sulphonate octahydrate (III), soluble in hot water and in basic solvents, but not in the 
common neutral organic solvents. This substance, like the corresponding chromi-sulphon- 
ate hexahydrate, became almost insoluble in water when desiccated. With ammonia, it 


a 
~Y 
‘ Al 
(III.) 
i 
0,}3H, SO,NH, 


gave the seed red, glassy ammonium hexahydrate (IV), which was freely soluble in water. 

The conversion into (IV) without loss of aluminium demonstrates the structure of (III). 

The complex (IIT) had considerable affinity for fibres, but lacked the stability of its chromi- 
analogue. In the case of this azo-dye the lake with chromium was again much purpler in 
hue than the aluminium lake. 

When 2’-hydroxy-4’-sulphonaphthalene-1’ : 4-azo-1-phenyl-3-methylpyrazol-5-one was 
condensed with aluminium chloride in dilute aqueous solution, red needles of the alumini- 
sulphonate hexahydrate (V) were produced. This substance, like its chromi-analogue, 
was only sparingly soluble in hot water, but the purplish, glassy ammonium re sh 


>, wy . 


(VI) was readily soluble in water. On desiccation at 180°, (V) still retained 1H,O, as also 
does the chromi-analogue; on exposure to moist air, it regained two more molecules of 
water. In the case of this azo-dye, there is less difference of colour, as between the lakes 
with chromium and aluminium, than in the cases previously mentioned. 

A pure aluminium lake was not obtained either from o-carboxybenzeneazo-$-naphthol 
or from benzeneazosalicylic acid, but in both instances there was evidence that a lake 
could be prepared containing one metallic atom to each dye residue, involving union of the 
metallic atom with both the carboxyl and the hydroxyl grouping. 
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The case of alizarin has a special interest in connexion with the use of aluminium mor- 
dants. When a dilute alcoholic solution of alizarin was treated with excess over 1 mol. 
of sodium hydroxide and then with aluminium chloride, and the mixture boiled and after- 
wards filtered, the filtrate contained an aluminium lake, which, when freed from alizarin, 


2H,0OH 3H,0 29,0 OH 34,0 
Al— ) Y vaieaan 
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had a composition indicating a possible structure (VII), although this is only conjectural. 
This substance dissolved in dilute aqueous ammonia, with conversion into an insoluble 
substance and a soluble ved lake; the latter contained two aluminium atoms per residue of 
dye, its composition suggesting the formula (VIII). Substance (VII) dissolved in con- 
centrated aqueous ammonia with further loss of alumina, giving a dark red glassy substance 


2H,0 


dow, OH 
C Oy 


OK” (IX.) (X.) (XI) 


which contained one aluminium atom and one dye residue, together with a molecule 
of ammonia and two molecules of water, indicating the structure (IX) of the ammonium 
salt of aluminium alizarate dihydrate. 

Liebermann (1893) suggested for the aluminium derivative of alizarin a formula (X), 
but he does not seem to have obtained any substances of this kind at all; and a number of 
subsequent authors appear to have adopted his proposal without making any experiments. 
It is clear, particularly from its behaviour in the presence of ammonia, that the sub- 
stance to which we assign formula (IX) could not be represented as the ammonium de- 
rivative either of (X) or of the remaining possible structure (XI), for in the cases of such 
structures it would be expected that the metallic atom, not being co-ordinatively attached 
to the organic residue, would be removable by concentrated ammonia. There seems, 
therefore, every reason to suppose that in the aluminium lake of alizarin the metal is attached 
at a carbonyl grouping and the neighbouring hydroxyl group; the remaining hydroxy] is 
sufficiently acidic to attach further metal under suitable conditions, but this is more easily 
removed. 

The opinion seems to be fairly general that, in the brightest Turkey-red dyeings, both 
aluminium and calcium are present in the lake (although the calcium can be replaced by 
other metals, including further aluminium). Numerous compositions and structures have 
been proposed for the hypothetical complex aluminium-calcium lake, some of the formule 
being based on analyses of dyed fibre; but it seems clear, from the wide divergence of the 
findings, and from the fact that a pure lake has never been isolated, that the matter is still 
open to much doubt. For this reason, we attempted to ascertain whether chalk would 
interact with alizarin in the presence of water under conditions similar to those in the 
Turkey-red dyebath: a substance was isolated which appeared to be identical with the 
already known calcium alizarate (usually prepared from an alkali alizarate and calcium 
chloride), to which the structure (XII) had been assigned. It seems not improbable, 

88 
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therefore, that the complex aluminium-calcium lake of the Turkey-red process, if it actually 
occurs, is based upon a structure of type (XIII). If this be so, the lake might be derived 
from either (VII), (VIII), or (IX), in which case the probable ratios of alizarin 


O 
O 


residues : aluminium atoms: calcium atoms would be 2:3:2, 1:2:1, or 1:1:1. It 
must be noted, however, that the aluminium lakes described above are unstable to mineral 
acids im vitro, whereas the Turkey-red dyeings are fairly stable, although this difference 
might possibly be connected with the manner in which the lake is attached to the fibre. 
No aluminium or calcium derivative of alizarin, stable im vitro to mineral acid, seems to 
be known, and the present results suggest that such is unlikely to occur. 


EXPERIMENTAL. 


o-Hydroxybenzeneazo-B-naphthol.—The azo-dye (3-18 g.; 2 mols.), dissolved in warm 96% 
ethyl alcohol (250—300 c.c.), was mixed With a solution of aluminium chloride hexahydrate 
(1-44 g.; 1 mol.) in the same solvent (30 c.c.), and the mixture boiled under reflux for 8 hours, 
and then filtered whilst hot. The solvent was removed at room temperature, and the residue 
ground and extracted with ether (Soxhlet) until the extract (A) was nearly colourless. The 
residual solid (from the thimble) was then extracted with boiling 96% alcohol, the filtered extract 
allowed to evaporate, and the residue exposed to moist air on porous tile for some days; the 
solid so obtained was a red-brown powder consisting of the aluminichloride pentahydrate (1) 
(Found: C, 46-1; H, 5-1; Cl, 8-9; Al, 6-7. C,,H,,O,N,CIAI requires C, 46-3; H, 4-85; Cl, 
8-55; Al, 6-5%). This complex was soluble in water to a red solution, from which the free 
azo-dye separated on warming with dilute hydrochloric acid; it was almost insoluble in light 
petroleum, but dissolved freely in pyridine, aniline, and acetone; on being dried at 150°, the 
water of crystallisation was lost, together with part of the chlorine as hydrogen chloride. Dilute 
aqueous ammonia or potassium chromate gave the oxide, which was also prepared from the 
azo-dye, as described above in the preparation of (I) but with the further addition of sodium 
hydroxide (0-72 g.; 3 mols.) to the mixture before heating under reflux, the residue from the 
alcoholic filtrate being finally ground and extracted with light petroleum (b. p. 60—80°; 
Soxhlet) to remove soluble impurities, the residue dissolved in ether and recovered from the 
filtrate, and lastly dissolved in boiling 96% alcohol, and again recovered from the filtrate; 
after exposure to the atmosphere, the product, which was insoluble in water but soluble in ether, 
appeared to be the oxide tetrahydrate (II) (Found: C, 57-9; H, 4-4; Al, 7-8; H,O, loss at 120°, 
8-6. C,,H,,0O,N,Al, requires C, 57-7; H, 4:2; Al, 8-1; 3H,O, 8-25%); the last analytical 
figure suggests that the anhydrous hydroxide is formed on desiccation at 120°. 

The ethereal extract (A) was allowed to evaporate, and the residual solid extracted with 
light petroleum (b. p. 60—80°; Soxhlet); the residue, exposed to the air, was an almost black 
powder, insoluble in water but soluble in aqueous ammonia or pyridine (Found: Al, 4-8; 
H,O, loss at 120°, 6-6. C,,H,,O,N,Al requires Al; 4-6; 2H,O, 6-1%). This substance, the 
yield of which was very small, was probably the acid complex [Al(C,,H,,0,N,),)H,2H,O. 

2'-Hydroxy-5'-sulphobenzeneazo-B-naphthol.—To a solution of the free azo-sulphonic acid 
(5 g.) in water (750 c.c.) was added a solution of sodium hydroxide (1-75 g.; 3 mols.) in a little 
water. The violet mixture was warmed, and to it was added a solution of hydrated (+ 18H,O) 
aluminium sulphate (5 g.) in a little water; the whole was then boiled under reflux for 6 hours, 
a few c.c. of alcohol having been added to prevent frothing. The solution was filtered hot, and 
. the filtrate set aside in a wide, open dish; after some hours, red needles of the alumini-sulphonate 
octahydrate (III) separated (yield, about 5 g.); for analysis, it was recrystallised from hot water 
and dried in air on porous tile (Found: C, 37-6; H, 5-4; Al, 5-6; H,O, loss at 150°, 24-1. 
C,,H,,0,,;N,SAI requires C, 37-5; H 4-9; Al, 5-3; 7H,O, 246%); when heated at 180°, the 
loss of water was 26-0%, or about 7$ mols. The hydrated complex was soluble in cold water 
and much more so in hot, but on dehydration it became almost insoluble (polymerisation) ; 
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it was insoluble in neutral organic solvents (ether, benzene). The hydrated complex was readily 
decomposed by dilute hydrochloric acid, with regeneration of the azo-dye; it was freely soluble 
in basic solutions or solvents, forming purplish salts. The ammonium salt hexahydrate (IV) 
was a purplish-red glass (Found: N, 7-8; Al, 5-5; H,O, loss at 170°, 20-4. C,,.H,,0O,,N,SAl 
requires N, 8-2; Al, 5-3; 6H,O, 21-1%); it readily evolved ammonia when warmed with alkalis. 

2’ - Hydroxy - 4' - sulphonaphthalene - 1’ : 4 - azo-1-phenyl-3-methylpyrazol-5-one.—The azo- 
sulphonic acid (3 g.; not quite free from its sodium salt) was dissolved in boiling water (1} 1.) 
and a solution of hexahydrated aluminium chloride (2 g.) in a little water was added; there 
was a red precipitate (probably, of a simple salt), but this gave place to a deposit of red needles 
when the mixture was boiled under reflux for some 16 hours. The crystals, collected, washed 
with water, and exposed on porous tile in air, consisted of the alumini-sulphonate hexahydrate (V) 
(Found : C, 43-4; H, 4-7; Al, 4-7; H,O, loss at 180°, 15-8. C,9H,,0,,N,SAI requires C, 43-2; 
H, 4:5; Al, 4:8; 5H,O, 16-1%); the desiccated substance regained 2H,O on exposure to moist 
air (Found: gain, 7-9. Calc.: 7-7%). The complex was sparingly soluble in hot water, 
but readily soluble in bases with formation of salts. The purplish red, glassy, ammonium 
salt pentahydrate (VI) was prepared (Found: N, 12-0; Al, 46; H,O, loss at 170°, 16-7. 
CopH,,0,,N,SAI requires N, 12-2; Al, 4-7; 5H,O, 15-7%). 

Alizavin.—Powdered alizarin (3 g.; 2 mols.) was dissolved in boiling 96% alcohol (350 c.c.), 
and an alcoholic solution of sodium hydroxide (0-6 g.; 2-7 mols.) added, and then a solution of 
aluminium chloride hexahydrate (1-5 g.; 1 mol.) in a little warm alcohol, a red substance being 
precipitated; the whole was boiled under reflux for 6 hours, and filtered while hot; the residue 
contained much alumina, and was neglected; the filtrate was allowed to concentrate nearly 
to dryness, and the red solid which separated was collected, dried in the air, ground, and ex- 
tracted with ether (Soxhlet; 4 days) to remove free alizarin. Finally, the undissolved solid 
was freed from ether, boiled with water (some 400 c.c. in all) until the washings were free from 
halogen, washed with alcohol, and dried in air. This substance, which was only slightly soluble 
in alcohol, dissolved more readily in aqueous ammonia or pyridine, though not without chemical 
change; its aluminium content and chemical behaviour suggested formula (VII) (Found : 
Al, 13-2. C,,H,,0,,Al;,13H,O requires Al, 13-6%). Since this substance could not be re- 
crystallised, it was dissolved in dilute aqueous ammonia, the solution filtered, and the filtrate 
allowed to evaporate: the red substance so obtained contained two aluminium atoms to each 
alizarin residue, and the analytical data suggested the structure (VIII) (Found: C, 35-75; 
H, 5:2; Al, 11-5. C,,H,,0,,NAIl, requires C, 35-95; H, 4:95; Al, 116%). This substance 
was only rather sparingly soluble in dilute aqueous ammonia, but much more soluble in con- 
centrated ammonia. A further portion of (VII) was accordingly dissolved in cold aqueous 
ammonia (d 0-88) by shaking, and the solution filtered; the filtrate was allowed to evaporate, 
and the dark red, glassy residue ground and dried in air (yield, 0-5 g.) (Found: C, 47-55; H, 
4-75; N, 3-8; Al, 7-45; H,O + NH, loss at 170°, 18-1. C,,H,,O,NAl requires C, 47-6; 
H, 4-6; N, 3-95; Al, 7-65; 3H,O + 1NH;,20-1%). Thereseems little doubt that this substance 
was ammonium aluminium alizarate dihydrate (IX); the substance, like alumina itself, was 
probably not quite fully dehydrated, at 170°, with respect to its two hydroxyl groups. It was 
soluble in aqueous ammonia and to some extent also in boiling water; but it was decomposed, 
with regeneration of alizarin, by hydrochloric acid, although in extremely dilute cold hydro- 
chloric acid it dissolved to a red solution (probably of the dichloride). 

Calcium alizarate dihydrate was prepared as follows: alizarin (2-4 g.) and precipitated chalk 
(1-0 g.) were boiled under reflux with 250 c.c. of water for a day, and the mixture filtered 
while hot. The solid was extracted with boiling water, dried, then extracted for a long time 
with ether (Soxhlet) to remove free alizarin. The dried residue contained free calcium carbonate 
and was therefore extracted with hot pyridine and filtered; the purple filtrate was allowed to 
evaporate to dryness. The residue still contained pyridine; this was driven off by heating 
at 180° in an air stream, and the purplish-red material was then allowed to become rehydrated 
in the atmosphere [Found: C, 54-2; H, 4:2; Ca, 11-3; H,O, loss at 180°, 11-2. Calc. for 
(XII): C, 53-5; H, 3-2; Ca, 12-7; 2H,O, 115%]. Evidently this material still retained a 
little free alizarin, but the analytical figures show that it contained an atom of calcium to each 
alizarin residue. 


We thank the Department of Scientific and Industrial Research for a maintenance grant to 
one of us (W. F. B.), the Chemical Society for a research grant, and Imperial Chemical Industries 
Ltd. for supplying a sample of the pyrazolone dye. 
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112. Copper Lakes of Azo-dyes. Some Further Types. 
By W. F. Beecu and H. D. K. Drew. 


A number of copper lakes are described, in which copper is combined with azo-dyes 
containing reactive substituents in the 0o’-positions (OH, CO,H, NH,). The effect of 
introducing one or two sulphonic acid groups into the aromatic nuclei of the azo-dyes 
has been examined. The results show that both nitrogen atoms of an azo-group can 
become co-ordinated to metal atoms, and that the aromatic nuclei can revolve to 
either side of the azo-chain. The azo-dyes are able to adjust their configurations to 
conform with the structural requirements of substituents in the nuclei and with the 
valency of the lake-forming metal. 


IN a previous study of this subject (Drew and Landquist, J., 1938, 292), it was mentioned 
that copper, although it readily forms lakes with mono-o-hydroxyazo-dyes, has not yet been 
induced to form such complexes when a sulphonic acid group is present in one of the 
aromatic nuclei of the dye, unless this group has been neutralised by entering into salt 
formation with another basic atom or group. For instance, in several cases examined, there 
was formed, from an azo-dye of this kind and a copper salt, not the internal complex, ¢.z., 
(I), but merely the simple copper salt of the sulphonic acid; yet the sodium salt (II) of the 
internal complex could readily be prepared and could even be obtained directly from the 
simple copper salt of the azo-dye and sodium acetate. This behaviour, which suggested that 


Cu, fo u, 
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the sulphonic acid group was too strongly acidic to allow of the retention of copper by 
linkings to two azo-groupings and two o-hydroxyls, raised some interesting questions as to 
‘ what would occur when other types of azo-sulphonic acids were employed. Some of these 
cases are discussed in the present paper. 

The first point examined was as to whether the presence of a single sulphonic acid 
grouping in an 00’-dihydroxyazo-dye would be sufficient to prevent formation of an internal 
complex. When 2’-hydroxy-5’-sulphobenzeneazo-f-naphthol was condensed with cupric 
chloride, a reddish brown cupri-complex dodecahydrate, containing three atoms of copper to 
two azo-dye residues, was obtained in high yield. This substance can apparently only be 
formulated as (III), in which the azo-nitrogen atoms are necessarily in the anti-form in both 
of the dye residues. The substance presents the first case which demonstrates that both of 


4H,O{SO,° of 


“— 0,}4H,0 (IV.) 
2H,O (IIL) 


the nitrogen atoms of an azo-grouping can be co-ordinated to metallic atoms at the same 
time (although, necessarily, not to a single metallic atom; compare Joc. cit., p. 293), or, in 
other words, that both nitrogen atoms of an azo-group can remain co-ordinatively saturated. 
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Another point of interest is that a copper atom is, in this instance, able to maintain its 
position in a lake although it is ionised from a sulphonic acid grouping. This might mean 
that in the 0o’-dihydroxyazo-dyes the linkages from oxygen or from the azo-nitrogens (or 
both) are stronger than in the case of the mono-o-hydroxyazo-dyes; or, alternatively it 
might be assumed that such a lake as (IV) should be preparable. However, as described 


below, our attempts to isolate (IV) and similar lakes failed, and it therefore seems probable 
that each hydroxyl of the 0o’-dihydroxyazo-dyes is in fact more acidic than the hydroxy] of 
the mono-o-hydroxyazo-dyes. Lastly, two of the copper atoms of (III) are each singly 
ionised and co-ordinated with three other atoms, a condition not often met with in copper 
lakes (loc. cit., p. 293). The crystalline ammonium salt octahydrate (V) was prepared from 
(III) ; it retained two ammonia molecules co-ordinated to the outer copper atoms. 

A second point examined was the effect of the presence of two sulphonic acid groupings 
in the oo’-dihydroxyazo-dye. From 2’-hydroxy-5’-sulphobenzeneazo-$-naphthol-6-sul- 
phonic acid and cupric chloride in aqueous-alcoholic solution were obtained greenish- 
bronzed red crystals of the cupri-complex (VI), with 54 or 6 H,O; this substance was readily 
soluble in water. It appears to be the first case of a lake of a bivalent metal in which two 
atoms of the metal are combined with only one azo-dye residue. Its preparation affords 
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indirect confirmation of the structure of (III), since the ee of a substance of structure 
(VI) could have been predicted from that of (III); it confirms also the principle of the 
co-ordinative saturation of the azo-group. 

In (III) and (VI) it is seen that aromatic nuclei bearing the two o-hydroxyl groups have 
become rotated so as to bring the hydroxyls on opposite sides of the azo-chain, whereas it 
has already been shown (Drew and Landquist, Joc. cit.) that in o0’-dihydroxyazo-dyes devoid 
of sulphonic acid groupings simpler copper lakes are formed, with the two hydroxyls on the 
same side of the azo-chain. The above authors found that 2’-carboxybenzeneazo-$-naph- 
thol gave, with alcoholic cupric chloride, brown needles of a lake of this latter type (A); but 
that, with alcoholic cupric acetate, the azo-dye gave a brown basic copper derivative, the 
analysis of which agreed closely with the empirical formula C,,H,,0,N,Cu,Cu(OH),. 
They were then unable to suggest a likely structural formula, but it seems clear, in the light 
of the results now described, that the substance was the cupri-hydroxide complex (B). This 
case is of interest, since it indicates that both types of lake can be prepared from the same 
azo-dye under different conditions of acidity of the medium. 

In order to see whether the presence of an o-carboxylic acid grouping in the azo-dye 
would modify the type of lake formed in the case of a monosulphonic acid, 2’-carboxy- 
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benzeneazo-«-naphthol-4-sulphonic acid was condensed with cupric chloride in aqueous 
solution. The purplish-brown cupri-complex dihydrate contained one copper atom to each 
azo-dye residue and was sparingly soluble in water. The structure is probably (VII), but 
there are alternatives which cannot be eliminated. A crystalline red ammonium salt, 
probably (VIII), was obtained from (VII), but with a change of structure, involving the 
elimination of one-third of the azo-dye residues and also co-ordination of ammonia; on 
being kept for some weeks, this salt lost almost the whole of its water of crystallisation and 
co-ordinated ammonia. 
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Two further o-hydroxyazo-monosulphonic acid dyes were examined to try to obtain a 
copper lake with a free sulphonic acid group (as IV). Benzeneazo-«-naphthol-4-sulphonic 
acid gave with aqueous cupric chloride only the simpler copper salt octahydrate; 3’-sulpho- 
benzeneazo-$-naphthol gave a similar simple copper salt octahydrate. The action of 
ammonia on the latter salt was examined : the effect was, as in previous cases (loc. cit.), to 
transfer the copper to the inner complex, the ammonium salt of a cupri-hydroxide complex 
(IX) being isolated as red needles, the ammonia having in this instance removed one of the 
dye residues. The production of a salt of this type was not observed in the previous work, 
and it may be that the concentration of ammonia determines whether or not the cupri- 
hydroxide stage shall be attained. 


Lakes of a kind not before described were obtained from two azo-dyes containing an 
o-amino-group. 2’-Hydroxybenzeneazo-$-naphthylamine gave a purplish-red cupri- 
complex (X), which was anhydrous, but combined with pyridine to form the well-crystallised 
monopyridino-derivative of (X); the degree of co-ordinative unsaturation of (X) is com- 
patible only with the monomeric structure assigned toit. Similarly, 2’-carboxybenzeneazo- 
8-naphthylamine gave the red anhydrous cupri-complex (XI), which crystallised from 
aqueous pyridine probably as a monopyridino-derivative ; but, on exposure to moist air, the 
pyridine was displaced by water, giving the monohydrate of (XI). 

The lakes described in this paper illustrate the several ways in which the azo-dye 
molecules are able to adjust themselves in order to accommodate the varying stereochemical 
and structural factors brought into play by the introduction of different substituents into 
the aromatic nuclei. Thus, not only either but both azo-nitrogen atoms can become 
co-ordinated with the metal atoms, and at the same time the aromatic rings can revolve 
about the bonds joining them to the azo-group, bringing the reactive o-substituents into 
the most favourable positions for lake formation. If the results obtained with the copper 
lakes are compared with those described in the cases of chromium (Drew and Fairbairn, J., 
1939, 823) and aluminium (Beech and Drew, preceding paper), it will also be manifest that 
similar adjustments are brought into operation to satisfy the numerical difference of valency 
among the lake-forming metals. 
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EXPERIMENTAL. 


2’-Hydroxy-5'-sulphobenzeneazo-B-naphthol.—To a filtered, hot solution of the free azo- 
sulphonic acid (1-14 g.; 2 mols.) in water (150 c.c.) was added a solution of cupric chloride 
dihydrate (0-85 g.; 3 mols.) in a little cold water, whereupon a reddish precipitate separated. 
The mixture was boiled under reflux for one hour, and the precipitate filtered off, washed with 
boiling water (250 c.c.), and dried on porous tile in air (yield, 1-5 g.). When molecular propor- 
tions of dye and copper salt were employed in the preparation, the yield was only 0-8 g., and part 
of the dye was left unchanged in the filtrate. The product was the cupri-complex dodecahydrate 
(III), four molecules of water evidently being associated with two of the copper atoms (the 
remainder of the water has been assigned to the sulpho-groups, but, in this case and in others 
described in this paper, it is to be recognised that only what appears the most probable location 
of the water molecules has been indicated) ; the complex was very sparingly soluble in water but 
could be recrystallised from that solvent; it was soluble in basic solvents or solutions but in- 
soluble in the common organic solvents (Found : C, 35-45; H, 3-95; Cu, 17-2, 17-3; H,O, loss at 
170°, 19-8. C3,H,,0,9N,S,Cus,12H,O requires C, 35-25; H, 3-85; Cu, 17-5; 12H,O, 19-85%); 
exposed to moist air, the desiccated substance rapidly regained almost the whole of the lost 
water. Itcrystallised from dilute aqueous ammonia as small red-brown needles of the ammonium ; 
salt octahydvate (V), with two further ammonia molecules co-ordinated to the outer copper 
atoms (Found: N, 10-35; Cu, 16-95. C3,H;,0,,N,S,Cu;,8H,O requires N, 10-0; Cu, 17-0%). 
The complex (III) was stable to dilute acetic acid, but not to mineral acids. 
2'-Hydroxy-5'-sulphobenzeneazo-B-naphthol-6-sulphonic Acid.—Condensation between this 
azo-sulphonic acid and cupric chloride occurs in aqueous solution, but the separation of the 
product is difficult to effect, owing to its great solubility. The following method was preferable : 
the azo-sulphonic acid (1-1 g.; 1 mol.) was boiled with 96% alcohol, and a little water was 
added so as almost to complete the dissolution of the solid; the solution was filtered hot, and to 
the filtrate was added cupric chloride dihydrate (0-86 g.; 2 mols.) dissolved in a little warm 96% 
alcohol, whereupon precipitation began and the colour changed from orange to purplish. The 
mixture was boiled under reflux for 2 hours, and the precipitate filtered off; from the filtrate, 
good crystals separated in a few days and were removed. Both products, after being dried in 
air, were substantially the same, the latter being rather purer. They consisted of the cupri- 
complex (VI) (Found : C, 29-6; H, 3-45; Cu, 19-5, 19-6; H,O, loss at 170°, 15-5. 
C,,H,O,N,S,Cu,,6H,O 
requires C, 29-3; H, 3-05; Cu, 19-4; 6H,O, 16-5%); the substance was probably a hexahydrate 
but the analytical figures are closer to those for 54 mols. The complex formed red plates with 
green reflex; it was nearly insoluble in alcohol but readily soluble in cold water; mineral acids 
decomposed it. 
2’-Carboxybenzeneazo-u-naphthol-4-sulphonic Acid.—The dye (1-1 g.) was dissolved in boiling 
water (100 c.c.) and treated with cupric chloride dihydrate (0-65 g.) dissolved in a little water ; 
there was precipitation ; the mixture was boiled under reflux for one hour, and the reddish-brown 
precipitate was collected, washed with hot water, and dried in air [Found (two preparations) : C 
44-0, 43-95; H, 3-25, 3-3; Cu, 13-2; H,O, loss at 150°, 7-9. C,,H,gO,N,SCu,2H,O requires C, 
43-45; H, 3-0; Cu, 13-5; 2H,O, 7-65%]. Formula (VII) was considered the most probable for 
this cupri-complex dihydrate, which was much more soluble in water than (III); it separated 
from hot water in an amorphous state. When crystallised from hot dilute aqueous ammonia 
it gave red needles of an ammonium salt tetrahydrate with two co-ordinated ammonia molecules 
(Found: N, 10-4; Cu, 17-4; H,O + NH,, loss at 180°, 11-75. (C,,H,,0,,N,S,Cu,,4H,O 
requires N, 10-1; Cu, 17-3; 5H,O + 2NHs;, 11-2%), for which formula (VIII) is suggested. 
' When dried at 180°, it polymerised, apparently from a cupri-hydroxide to a polymeric cupri- 
oxide, the co-ordinated ammonia molecules also being lost; loss equivalent to nearly 4 mols. of 
water and 2 mols. of ammonia occurred even on keeping the salt in air for 2 weeks (Found: C, 
40-55; H, 2-95; H,O, loss at 180°, 275%). That the ammonium sulphonate group tends to lose 
its water of crystallisation in some cases is confirmed in the salt (IX), below. 
Benzeneazo-a-naphthol-4-sulphonic Acid.—This dye gave with boiling aqueous cupric chloride 
only the red simple copper salt octahydvate (Found: Cu, 7-3, 7-4; H,O, loss at 140°, 16-1, 
C,,H,,0,N,S,Cu,8H,O requires Cu, 7-4; 8H,O, 16-7%); it crystallised unchanged from hot 
water and was nearly neutral in reaction; when desiccated, it became nearly black but was 
rapidly rehydrated to the red material in moist air. 3'-Sulphobenzeneazo-B-naphthol gave in a 
similar way a red simple copper salt octahydrate (Found : Cu, 76%; empirical formula as in last 
case). When dissolved in hot aqueous ammonia, this simple salt was transformed into red 
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needles of the ammonium salt of a cupri-complex (IX), of which two preparations were analysed 
(Found : C, 44-2, 44-25; H, 4-2, 4-25; N, 12-35; Cu, 14-4, 14-3; H,O + NH,, loss at 160°, 5-9. 
C,¢H,,0;N,SCu requires C, 43-5; H, 4:1; N, 12:7; Cu, 14-4; }H,O + NH, 5-9%); evidently 
the cupri-oxide was here formed on desiccation. The salt (IX) was nearly insoluble in both 
water and aqueous ammonia. 

2'-Hydvoxybenzeneazo-B-naphthylamine.—The azo-dye (1-3 g.) was dissolved in boiling 96% 
alcohol (150 c.c.) and the solution filtered while hot; cupric acetate monohydrate (1 g.), dis- 
solved in hot alcohol (75 c.c.) containing glacial acetic acid (2 c.c.), was then added to the boiling 
solution of the dye; the reddish-brown precipitate was filtered off, boiled with alcohol (50 c.c.) 
and again collected and dried in air on porous tile. This substance was the anhydrous cupri- 
complex (X) (Found: C, 58-9; H, 3-2; Cu, 19-7. C,,H,,ON,Cu requires C, 59-15; H, 3-4; Cu, 
19-6%); there was negligible loss of weight at 130°. The complex was somewhat soluble in 
benzene and readily soluble in pyridine, but insoluble in water, alcohol, or ether; it was decom- 
posed by warm hydrochloric acid. When water was cautiously added to the intensely purple 
concentrated solution of the complex in hot pyridine, red hexagonal plates, with green reflex, 
separated on partial cooling; the crystals were removed at once, since they were liable to 
decompose on keeping in the mother-liquor. This product was the monopyridino-derivative of 
(X), the base being co-ordinated to the copper atom (Found: C, 62-8; H, 4:3; Cu, 15-6. 
C,,H,,ON,Cu requires C, 62-45; H, 4-0; Cu, 15-75%); warming with aqueous sodium hydroxide 
set free the pyridine. 

2'-Carboxybenzeneazo-B-naphthylamine.—To a hot, filtered solution of the azo-dye (1-5 g.) in 
96% alcohol (200 c.c.) was added a filtered solution of cupric acetate monohydrate (1-0 g.) in hot 
alcohol (75 c.c.) containing glacial acetic acid (2 c.c.); a red precipitate was formed. The 
mixture was boiled for a few minutes, and the precipitate was collected, boiled with alcohol 
(100 c.c.), and again filtered off and dried in air on porous tile. The substance was the anhydrous 
cupri-complex (XI) (Found: C, 57-55; H, 3-35; Cu, 18-2. C,,H,,O,N,Cu requires C, 57-85; 
H, 3-15; Cu, 18-0%); it was insoluble in water or aqueous ammonia, and was decomposed by 
warm dilute hydrochloric acid. It dissolved readily in pyridine, the hot solution depositing 
glistening red needles with strong green reflex; this substance, after being dried in air on porous 
tile, proved to be the monohydrate of (XI), a co-ordinated pyridine molecule having probably 
been displaced by a water molecule (Found: C, 55-05; H, 3-45; Cu, 17-4. C,,H,,0,;N,Cu 
requires C, 55-05; H, 3-5; Cu, 17-2%). 


We thank the Department of Scientific and Industrial Research for a maintenance grant to 
one of us (W. F. B.), the Chemical Society for a research grant, and Imperial Chemical Industries, 
Ltd., for supplying a sample of one of the azo-dyes. 
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113. Sapogenins. Part VII. The Structure of Quillaic Acid and 
its Relation to Echinocystic Acid. 


By DonaLp F. Etiiott, GEorGE A. R. Kon, and Henry R. SoPER. 


In continuation of previous work (J., 1939, 1130) it is shown that the second 
hydroxyl group of quillaic acid, which is not part of the group CH(OH)*CMe-CHO, is 
attached toacarbonatom immediately adjacent to the quaternary carbon atom carrying 
the carboxy] group, as in echinocystic acid (Noller and White, J]. Amer. Chem. Soc., 1939, 
61, 983). Quillaic acid has been converted, by the replacement of the aldehyde group 
by methyl, into deoxyquillaic acid and this has been compared with echinocystic acid. 
In spite of the great similarity between the two acids and their derivatives they are for 
the present regarded as distinct. 


In Part VI (Elliott and Kon, J., 1939, 1130) it was shown that the triterpene quillaic acid 
is a dihydroxy-aldehyde and that one hydroxyl is part of the group CH(OH)-CMe-CHO, 
which is also present in gypsogenin. On the grounds of analogy it may be assumed that 
quillaic acid belongs to the 8-amyrin group of triterpenes and is a hydroxygypsogenin (I). 
It is hoped to obtain support for this assumption as the result of degradation experiments 
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which are still in progress; in the meantime it is desirable to place on record observations 
bearing on the position of the second hydroxy] group. 

It has already been pointed out by Elliott and Kon that the comparatively ready 
hydrolysis of quillaic ester is probably due to the proximity of this hydroxyl group to the 
carbomethoxyl group. Moreover, this group occupies a sterically protected position. Thus, 
the diketo-lactone (II) previously obtained (loc. cit.), in which this group has been oxidised 
to carbonyl, only forms a monosemicarbazone and condenses with one molecule of 2 : 4- 
dinitrophenylhydrazine. It is now found that of the two carbonyl groups in this compound 
one resists reduction by Clemmensen’s method, whereas the other is very readily reduced, 
giving rise to the keto-lactone (III). The carbonyl group which is reduced is doubtless that in 
ring A, the structure of which is, if our assumption is justified, identical with that of methyl 
hedragone. The reduction of the latter compound has been carried out by Jacobs and 
Gustus under similar mild conditions (J. Biol. Chem., 1926, 61, 641). 


bs Sap “Xa \=0 OX eS} =0 


(II.) (III.) 
* Possible positions of second OH group. 


Confirmation of this view is afforded by the oxidation of the methy] ester of quillaic acid 
with chromic acid or with copper bronze. The product is the diketo-ester (IV), Csg9H,,0,, 
formed with the loss of carbon dioxide and degradation of the groups in ring A as in the 
formation of the diketo-lactone (II). One carbonyl group in this ester occupies a position 
8 with respect to the carbomethoxyl group, because the latter is readily eliminated as 
potassium carbonate on boiling with alcoholic potassium hydroxide, with the production of 
the diketone (V); there is evidence to show that this may be a mixture of stereoisomerides. 
Like the diketo-lactone (II), the ester (IV) is reduced by Clemmensen’s method with the 
elimination of one carbonyl group to the ester (VI); this still retains the inert carbonyl 
group in the £-position to the carbomethoxyl group, because it undergoes hydrolysis to 
carbon dioxide and a monoketone, C,,H,,O. The carbonyl group in the monoketone is no 


W : 
O.Me\ => 
Vi 
(IV.) 
(V.) (VI.) 


longer inert and reacts with 2 ; 4-dinitrophenylhydrazine, whereas the parent ester does not 
form derivatives with ketonic reagents. The ketonic esters (IV) and (VI) do not give 
colours with ferric chloride and it follows from this and the ready elimination of the carbo- 
methoxyl group that the latter is attached to a quaternary carbon atom. For the moment 
no attempt will be made to decide between the two possible positions of the second hydroxyl 
group, because it is hoped to obtain decisive evidence shortly. 

The reactions of the keto-esters outlined above are entirely parallel to those of the oxid- 
ation products of methyl echinocystate (Noller and White, J. Amer. Chem. Soc., 1939, 61, 
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983) and suggest that quillaic acid and echinocystic acid might be related in the same way 
as gypsogenin and oleanolic acid, in which case echinocystic acid should be formed from 
quillaic acid by conversion of the aldehyde group into methyl. 

The reduction of quillaic acid itself by Clemmensen’s method had been attempted in 
these laboratories some years ago by Dr. J. S. Fitzgerald, who found that the carbonyl 
group is not reduced and the only product is the diacetyl-lactone. The latter compound 
is also not reduced, but undergoes a partial isomerisation to a higher-melting compound. 
The methyl ester of quillaic acid is almost completely reduced, but we were unable to purify 
the product. The semicarbazone of the ester is, however, smoothly reduced by the Kischner- 
Wolff method to deoxyquillaic acid, which appears to have all the properties of echinocystic 
acid; the most characteristic is the fact that it crystallises from isopropyl alcohol in plates 
and from ethyl alcohol in fine needles (compare Bergsteinsson and Noller, J. Amer. Chem. 
Soc., 1934, 56, 1403) ; the rotations of the two acids are also similar. Certain discrepancies 
in the properties of derivatives have, however, been noted : the methyl ester of deoxyquillaic 
acid melts very sharply some 4° too low and the diketo-ester prepared from it by oxidation 
with chromic acid melts at 152—153° or 15° lower than the compound described by Noller 
and White (loc. cit.), and its oxime melts 12° too low. Unlike the diketo-ester described 
by Noller and Whitc, our compound does not give off methane under the conditions of the 
Zerevitinov test. 

These facts were communicated to Prof. C. R. Noller, who kindly sent us pure specimens 
of echinocystic acid and its methyl ester and a partially purified specimen of the diketo- 
ester; at the same time he informed us that all the melting points recorded in his papers 
(loc. cit.) are corrected and therefore necessarily higher than ours. 

We found that the melting points of the two acids were almost identical, but no great 
importance can be attached to this because the acids decompose at temperatures below the 
melting point and the latter is very dependent on the extent to which the bath is preheated. 
On the other hand, the melting points of methyl echinocystate and of the diketo-ester 
determined by us were distinctly higher than those of our compounds (3° and 6° respectively). 
The preparation of the diketo-ester from echinocystic acid was repeated; the ester melted 
at 158—159° after two crystallisations, but, contrary to Noller and White’s observation, 
gave no methane under the conditions of the Zerevitinov test. Mixtures of echinocystic 
and quillaic derivatives melted in every case at intermediate temperatures and a super- 
saturated solution of methyl echinocystate crystallised immediately on being seeded with a 
crystal of methyl deoxyquillaate. We nevertheless hesitate to conclude that the two series 
of compounds are identical, because differences in rotations were observed under exactly 
comparable conditions; for instance, methyl deoxyquillaate had [«]) + 33-9° in alcohol 
and methyl echinocystate [«], + 31-4°. We were unable to dissolve anhydrous echino- — 
cystic acid in alcohol and the rotations were compared in pyridine; deoxyquillaic acid again 
had the higher rotation (+-13-5° as against +-7-8°) ; the very marked influence of the solvent 
may be noted in passing. The differences may perhaps be attributable to partial race- 
misation of the acids in the course of preparation and it is hoped to examine the matter 
further. 

The oxidation of the diacetyl-lactone of quillaic acid has been re-examined in the hope of 
discovering analogies with the behaviour of the isoacetyl-lactone of gypsogenin under the 
same conditions (Kon and Soper, following paper). The formation of the lactone (II) is, 
indeed, entirely analogous to that of hedragone lactone and the properties of the two 
compounds are very similar. The nature of the acidic products is, however, different. 
Elliott and Kon (loc. cit.) had obtained three acids, designated as A,, A, and B. Of these, 
A, may have been the keto-hydroxy-acid C,g.H,,0, analogous to the Cy, acid from gypso- 
genin and A, appeared to be C,,H,,O,, but the amounts of these acids were so small as to 
preclude further examination. The yield of the acid B has, on the other hand, been 
improved and it has also been isolated in the form of a hydrate (?), which gives the same 
methyl ester as the acid B, although it could not be dehydrated to the latter without 
decomposition. The ester reacts, though slowly and incompletely, with methylmagnesium 
iodide, giving 0-7 mol. of methane. The absorption spectrum in alcoholic solution reveals 
a low intensity band at 2920 a. (« = 18-6) attributable to a carbonyl, like that of the ester 
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of the Cy, acid from gypsogenin. Repeated analyses of the acid, its ester and the 2: 4- 
dinitrophenylhydrazone of the latter suggest, however, that the acid is not the expected Cy, 
acid, but has the composition C,,H,,0,. Now this acid is obtained by the oxidation of a 
Cy9 compound, in the course of which a sterically protected carboxyl group of the latter is 
eliminated; the formation of a C,, compound can only be explained by assuming that a 
group such as acetyl is introduced at some period. We have, however, failed to detect this 
group by analytical methods; for example, the ester of the acid B is completely hydrolysed 
by boiling for an hour with methyl-alcoholic potassium hydroxide, but the product is the 
hydrate of the original acid; similarly, the acid ts unaffected by prolonged boiling with 
aqueous alkali. For the present we are unable to give a satisfactory explanation of the 
nature of these compounds. 


EXPERIMENTAL. 


M. p.’s are uncorrected ; unless otherwise stated, the specimens for analysis were dried at 
100°/1 mm. for 2 hours. 

Oxidation Products of the Diacetyl-lactone.—The oxidation of the diacetyl-lactone to the Cy, 
acid was carried out as described by Elliott and Kon (loc. cit.). In the oxidation of the C,, 
acid it was found preferable to use an equivalent amount of Kiliani’s solution in place of chromic 
acid and to introduce it more rapidly (34 hours for 5 g. of acid). In this way the yield of acid B 
was increased to 25%, whilst the amounts of the acids A, and A, became negligible and could be 
readily removed by extraction with ethyl acetate. The acid B had the properties previously 
described; the analysis figures recorded (loc. cit.) for the acid agree perfectly with those 
calculated for C,,H,,0, (Calc. : C, 69-9; H, 9-1%) and those for the ester with C,,H,,O0, (Calc. : 
C, 70:3; H, 92%). When the crude acid was crystallised from dilute methyl alcohol, the 
hydrate (?) was obtained, forming long needles melting indefinitely at 170—180° (Found: C, 
67:7; H, 9-4. C;,H,,0,,H,O requires C, 67-6; H,9-2%). All attempts to obtain the acid B 
from the hydrate were unsuccessful, although various degrees of dehydration were achieved. 
Sublimation in a high vacuum gave an unsaturated acid which could not be purified; the 
analytical figures correspond roughly with the loss of a molecule of acetic acid and one of 
water from the hydrate (Found: C, 74°4; H, 9-5. Cy H,,O, requires C, 73-6; H, 9-4%). On 
esterification with diazomethane the hydrate gave the ester of the acid B, which crystallised in 
characteristic, sparingly soluble rods; the ester prepared from the hydrate melted 4° higher than 
that from the anhydrous acid; a mixture of the two melted at an intermediate temperature 
(Found : C, 70:1, 70-1; H, 9-4, 95%). An identical 2: 4-dinitrophenylhydrazone, m. p. 283° 
(decomp.), was prepared from both specimens of the ester and crystallised from acetic acid in 
iridescent orange-yellow plates (Found: C, 62-9; H, 7-5; N, 7:5, 7°6. C3,H,,0,)N, requires 
C, 62-8; H, 7-5; N, 7°7%). A specimen of the ester was boiled for an hour with an excess of 
25% methyl-alcoholic potassium hydroxide, and the alcohol then evaporated; water was added, 
but no ester was precipitated. On acidification the hydrated acid was obtained and identified by 
reconversion into the characteristic ester, m. p. 210°. 

The yield of neutral product in the oxidation of the C,, acid is always poor; it consists of the 
diketo-lactone (II) previously described. We find that this compound crystallises best from 
acetic acid. 

Reduction of the Diketo-lactone (II).—500 Mg. of the diketo-lactone were boiled for $ hour 
with 32-5 c.c. of acetic acid, 7-5 c.c. of hydrochloric acid, and 12-5 g. of amalgamated zinc wool 
(compare Jacobs and Gustus, loc. cit.). _Thereaction, which was very vigorous at first, gradually 
subsided; the solution was diluted with water and extracted with ether. The extract was 
washed with water, then with alkali, again with water, dried, and evaporated; an almost 
theoretical yield of crude reduction product was obtained. It crystallised from acetic acid, in 
which it was much less soluble than the diketo-lactone, in iridescent plates, m. p. 293—295°, 
depressed by admixture of the diketo-lactone. The yield of recrystallised keto-lactone (III) was 
75% (Found: C, 78-9; H, 10-3. C,,H,,O, requires C, 79-1; H, 10-1%). 

Diketo-ester (IV).—1 G. of methyl quillaate was intimately ground with 3 g. of copper bronze 
(Kahlbaum) and heated at 270° until no more gas was evolved (} hour), then distilled at 170°/ 
0-0006 mm. The pale yellow glass crystallised from methyl alcohol in stout needles (150 mg.), 
m. p. 192° after two crystallisations. A better yield (25—30%) was obtained by treating a 
mechanically stirred solution of 2 g. of ester in 100 c.c. of acetic acid and a few drops of water 
dropwise with 8-5 c.c. of Beckmann’s solution diluted with 20 c.c. of acetic acid at about 10°. 
The solvent was distilled off under reduced pressure, water added, and the reaction products 
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extracted with ether. Extraction of the ethereal solution with alkali removed 700 mg. of 
uncrystallisable acidic material, which has not yet been investigated. The neutral material 
recovered by evaporation of the ether was purified by percolation of a benzene solution through 
a column of activated alumina, and the solid obtained crystallised from chloroform—methyl 
alcohol; m. p. 193°, [a]p + 8-9° (c = 4:024in chloroform). The analysis specimen was dried for 
12 hours at 80°/0-002 mm. and 1 hour at 110°/0-002 mm. (Found: C, 76-6,.76-6; H, 9-3, 9-4. 
C3,H,,O, requires C, 76-9; H, 9-5%). 

Diketone (V).—200 Mg. of the above ester were boiled with 10 c.c. of 5% alcoholic potassium 
hydroxide for 24 hours. A yellow coloyr developed almost at once and darkened to deep 
orange; a deposit of potassium carbonate soon formed. The solution was poured into water and 
extracted with ether; the yellow extract became colourless on treatment with a drop of mineral 
acid. On evaporation a solid crystallising from acetone in small plates, m. p. 197°, together with 
a little unchanged diketo-ester, could be isolated. On a larger scale 1-15 g. of ester were 
similarly hydrolysed for 34 hours. No starting material was recovered; the neutral material 
was purified by percolation of a benzene solution through alumina, but it was found to melt 
lower than before (yield, 250 mg.). After several recrystallisations from acetone it formed 
needles melting to an opaque liquid at 185° and clearing at 210°, not depressed by admixture of 
the compound of m. p. 197° (Found : C, 81-8; H, 10-1. C,,H,,O, requires C, 81:9; H, 10-3%). 
It appears probable that a mixture of stereoisomerides is formed in this hydrolysis. 

Keto-ester (V1).—(i) Reichstein’s procedure (Helv. Chim. Acta, 1937, 20, 1050) was followed : 
500 mg. of the diketo-ester (IV) in 80 c.c. of acetic acid and 70 c.c. of hydrochloric acid were 
heated on the steam-bath with 30 g. of amalgamated zinc wool, a slow stream of hydrogen 
chloride being passed through the liquid for 3 hours. The reaction mixture was poured into 
water and extracted with ether, the extract washed with alkali and evaporated, and the residue 
crystallised from chloroform-—methyl alcohol. It formed short prisms (150 mg.), m. p. 178°, 
[@]p ++ 52° (c = 2-656 in chloroform) (Found: C, 79-1; H, 10-1. C3 9H,,O, requires C, 79-2; 
H, 10-2%). (ii) A yield of 300 mg. of the same compound was obtained when the reduction was 
carried out exactly as described on p. 615. 

Hydrolysis of the Ester (V1).—This was carried out exactly as described above. The solution 
remained practically colourless throughout; the product formed needles, m. p. 185—187°, after 
repeated crystallisation from methyl alcohol (Found: C, 84-4; H, 11-1. C,,H,,O requires 
C, 84-8; H,11-2%). The 2: 4-dinitrophenylhydrazone formed brownish-yellow, silky needles 
from acetic acid, m. p. 268° (decomp.). 

Attempted Reduction of Quillaic Acid Derivatives.—Attempts to reduce quillaic acid by 
Clemmensen’s method in acetic acid solution gave the diacetyl-lactone. The diacetyl-lactone 
was reduced by the method of Jacobs and Gustus (loc. cit.) as described on p. 615. The product 
contained, in addition to unchanged diacetyl-lactone, a more soluble isomeride, which crystallised 
from ethyl or methyl alcohol in needles, m. p. 272—274°, depressed by admixture of quillaic 
lactone, which might have been produced by deacetylation (Found : C, 71-3, 71-1; H, 9-0, 8-9. 
C,,H,,O0, requires C, 71-5; H, 8-9%). The methyl ester of quillaic acid was reduced by the 
same method, but the product did not crystallise even after sublimation in a high vacuum, 
although it gave analytical figures approximating to those required for a deoxy-ester. 

Methyl quillaate was kept for 48 hours with a solution prepared by grinding a 15% excess of 
semicarbazide hydrochloride with sodium acetate and methyl alcohol (compare Ruzicka and 
Giacomello, Helv. Chim. Acta, 1936, 19, 1136). The solvent was then evaporated, leaving an 
oily mass, which solidified on grinding with water. It was collected, washed, and dried. The 
semicarbazone was repeatedly crystallised from dilute methyl alcohol, but a preparation with a 
satisfactory melting point could not be obtained: it sintered at 186° and melted between 200° 
and 220°; it was, however, analytically pure (Found: N, 7-5. C,,H;,0O,N; requires N, 7-4%). 

2-6 G. of the semicarbazone were heated in a sealed tube with 1-5 g. of sodium in 25 c.c. of 
alcohol for 36 hours at 160—170°. The contents of the tube were diluted with 300 c.c. of water 
and thoroughly extracted with ether, which removed only a small amount of neutral material. 
The aqueous layer contained a considerable amount of an insoluble sodium salt; it was acidified 
with hydrochloric acid and extracted with ether. The dried extract gave on evaporation about 
1-5 g. of solid deoxyquillaic acid. This had a great tendency to separate from solvents in a 
gelatinous form, but crystallised when its solution in isopropyl alcohol was concentrated. It 
formed fine plates, m. p. 302° with previous sintering, [a] + 34° (c = 1-768 in 95% alcohol).* 

* We were unable to obtain a satisfactory reading for the green mercury line, but on the assumption 
that the dispersion of the acid is of the same order as that of related ‘compounds, the above value is 
in good agreement with the rotation of echinocystic acid found by Bergsteinsson and Noller (loc. cit.). 
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The analysis specimen was dried for 3 hours at 150—160° in a high vacuum (Found: C, 76-5; 
H, 10-3. C3,H,,O, requires C, 76-2; H, 10-2%). The methyl ester, prepared with the aid of 
diazomethane, formed needles from methyl alcohol, m. p. 209—210° (Found: C, 76-3; H, 10-6. 
C3,;H5,O, requires C, 76-5; H, 10-4%). 

The methyl ester of deoxyquillaic acid was oxidised to the diketo-ester according to the direc- 
tions of Noller and White (loc. cit.); the ester, obtained in excellent yield, crystallised from 
dilute methyl alcohol in needles, m. p. 152—153°; it was recovered unchanged after another 
treatment with chromic acid (Found: C, 76-9; H, 9°7. Cs,H,,O, requires C, 77-1; H, 9-6%). 
The oxime was prepared as described by Noller and White; it was sparingly soluble in methyl 
alcohol, from which it separated in needles, m. p. 246—247° (Found : C, 75:2; H, 9-8. C,,H,,O,N 
requires C, 74:8; H, 95%). 





The authors thank the Royal Society and the Chemical Society for grants and Mr. R. H. 
Kerlogue for absorption spectra. 
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114. Sapogenins. Part VIII. The Sapogenin of Fuller's Herb. 
By Georce A. R. Kon and Henry R. Soper. 


The sapogenin obtained from Saponaria officinalis L. is shown to be gypsogenin 
and it is suggested that githagenin from corncockle is identical with this. The j 
isoacetyl-lactone of gypsogenin has been oxidised in two stages to methyl hedragone | 
lactone and a monobasic ketonic acid C,,.H,,O;. 





Amoncst plants containing comparatively large amounts of saponins those belonging to 
the Caryophyllacee are worthy of note; they include white soapwort (Gypsophila Spp.), 
fuller’s herb (Saponaria officinalis), the corncockle (Agrostemma githago) and others. 

In recent years the sapogenin obtained by the hydrolysis of Gypsophila saponin 
(gypsogenin) has been fully investigated and its constitution largely established by Ruzicka 
and Giacomello (Helv. Chim. Acta, 1936, 19, 1136; 1937, 20, 299); the sapogenin of the 
corncockle (githagenin) has been studied by Wedekind and Krecke (Z. physiol. Chem., 
1926, 155, 122) and by Wedekind and Schicke (tbid., 1929, 182, 72; 1930, 190, 1). We 
have now reinvestigated the sapogenin of saporubrin, the saponin of fuller’s herb. 

The crude saponin obtained by extracting the root with methyl alcohol or, better, with 
water, constitutes up to 20% of the root. It can be hydrolysed to the sapogenin without 
resort to heating under pressure, by the procedure found successful with quillaic acid 
(Elliott and Kon, J., 1939, 1130). The sapogenin crystallises somewhat reluctantly, but 
the acetate can easily be obtained pure and reconverted into the sapogenin, which is finally ; 
purified by sublimation in a high vacuum (compare Ruzicka, Giacomello, and Grob, ! 
Helv. Chim. Acta, 1938, 21, 83). This sapogenin must already have been obtained, though | 
not fully purified, by v. Schulz (Arbeiten Pharm. Inst. Dorpat, 1896, 14, 82) and there 
is little doubt that it is identical with gypsogenin. The sapogenin itself is not easy to | 
identify because the properties of different preparations vary somewhat, but the acetate 
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is characteristic and gives rise to a well-defined methyl ester, a brome-lactone and an 
tsoacetyl-lactone, the identities of which appear to be beyond question. 

The oxidation of the isoacetyl-lactone has been examined in order to compare its 
behaviour with that of the diacetyl-lactone of quillaic acid (Elliott and Kon, loc. cit.; 
Elliott, Kon, and Soper, preceding paper). The first product is the corresponding acid, 
which is readily deacetylated to the lactone of gypsogenic acid (I); this, like gypsogenic ) 
acid itself (below), is obtained in the form of Aydrate, from which the methyl ester of the 
anhydrous acid is formed with diazomethane. Further treatment of the lactonic acid with 
chromic acid gives, exactly as with the corresponding derivatives of quillaic acid, a mixture 
of a neutral and an acidic product. The former is hedragone lactone (II) (Kitasato, Acta { 
Phytochim., 1934—5, 8, 1), which has been characterised by its 2 : 4-dinitrophenylhydrazone ; f 
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it shows a great resemblance to the diketo-lactone prepared by Elliott and Kon ((oc. cit.). 
The acid formed at the same time consists of only one compound, which evidently repre- 
sents the first stage in the oxidation of the lactone (II). It is a ketonic acid C,.H,,0, (III) ; 
its methyl ester shows the expected absorption spectrum with a weak band at 2925 a. 
(e = 18-1) and readily forms a 2 : 4-dinitrophenylhydrazone. 
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A critical review of Wedekind’s work leads to the conclusion that githagenin must be 
identical with gypsogenin. Here again little importance can be attached to the melting 
point of the sapogenin and it is known to give low figures on combustion unless purified as 
above (compare Ruzicka and Giacomello, loc. cit.), but the melting points of the acetate, 
oxime and semicarbazone are comparable with the values for gypsogenin derivatives found 
by Karrer, Fioroni, Widmer, and Lier (Helv. Chim. Acta, 1924, 7, 789); the isolation of a 
by-product of m. p. 328° (isoacetyl-lactone) in the acetylation of githagenin is particularly 
suggestive. 

Wedekind and his collaborators carried out several degradation experiments on 
githagenin, but were unable to interpret their data owing to the scanty knowledge of 
triterpenes available at the time; their results are, however, in excellent agreement with 
the view expressed above. Thus, githagonolic acid, prepared by fusing githagenin with 
potassium hydroxide (Brandl, Arch. Exp. Path., 1908, 59, 245; Wedekind and Schicke, 
Z. physiol. Chem., 1930, 190, 1), is evidently identical with gypsogenic acid and is formed 
by a Cannizzaro reaction (CHO —> CO,H); the melting points of the acid, its acetyl 
derivative, and their methyl esters (364°, 321°, 245° and 171°) agree well with those of 
Ruzicka and Giacomello’s gypsogenin derivatives when it is remembered that the latter 
values are corrected (380°, 325°, 249—-250° and 178—179°). Wedekind and Schicke’s 
analysis figures agree perfectly with those required for gypsogenic acid C,)H,,0, (the 
acid itself was a hydrate) and its derivatives; it must be left an open question whether 
their githagoic acid was identical with this or not. The formation of githagic acid 
Cy9H,,0, by the oxidation of githagenin with chromic acid is analogous to the production 
of the acid (III) and is formulated as follows : 


“N 


It would thus appear that gypsogenin is widely distributed as a constituent of saponins 
occurring in the Caryophyllace@ and may, indeed, be characteristic of them. 


EXPERIMENTAL. 


Saporubrin.—500 G. of powdered Rad. Saponariz Rub. were boiled under reflux with 
1-5 1. of methyl alcohol for 3 hours, the liquid filtered hot through a double layer of muslin 
(extract I), and the solid well pressed and washed with 250 c.c. of solvent. The extraction was 
repeated twice with 1 1. of methyl alcohol. 19 G. of almost colourless solid separated from 
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extract I overnight; the filtrate and the second and third extracts were evaporated, yielding 
60, 30 and 27 g. of brown gum respectively. 

Gypsogenin.—126 G. of crude saporubrin obtained as above were dissolved in 460 c.c. of hot 
water, and 334 c.c. of hydrochloric acid added, causing a crimson colour to develop. The 
solution was boiled in an oil-bath with mechanical stirring for 7 hours. The black solid was 
filtered off and extracted with hot water until coloured impurities were no longer removed; 
- it was then dried, powdered, and extracted with ether (500 c.c.) in a modified Soxhlet apparatus 
(compare J., 1939, 1126). The solvent was changed after 3 hours, 6 hours and 16 hours. The 
first extract was concentrated to a small volume, and the solid filtered off and washed with 
ether, giving almost colourless gypsogenin, the filtrate being added to the second extract, 
which was similarly treated. In this way a total of 5-2 g. of crude gypsogenin, sintering at 267°, 
m. p. 276—277°, was obtained in addition to 10 g. of saporubrin. 

For the preparation of gypsogenin the isolation of the saponin is not necessary and the 
procedure of Karrer, Fioroni, Widmer, and Lier (loc. cit.) can be used; the aqueous extract 
from 1 kg. of root is concentrated to 1 1., 340 c.c. of hydrochloric acid added, and the hydrolysis 
and extraction carried out as above. In this way 14-5 g. of nearly colourless gypsogenin were 
obtained in addition to 1-5 g. of very dark material. The latter could be purified by solution 
in about 150 c.c. of ether, shaking with 10 c.c. of N-potassium hydroxide, and decantation of 
the ether from the semi-solid, slimy precipitate of potassium salt, which was once more washed 
with ether. It was then covered with ether and shaken with dilute hydrochloric acid; the 
light brown ethereal solution was dried and shaken with norit. The filtered solution was 
yellow and gave an almost colourless solid on evaporation, which gave an excellent yield of the 
acetate on acetylation. 

The crude sapogenin crystallised from alcohol on standing; from methyl alcohol it tended 
to separate in an amorphous form. The analytical specimen was prepared by allowing a 
solution of the pure acetate in methyl alcohol to stand with a slight excess of N-potassium 
hydroxide overnight. The potassium salt of gypsogenin soon began to separate in long needles 
and gypsogenin was recovered from it by shaking with ether and dilute acid; more was obtained 
by acidifying and extracting the mother-liquors from the potassium salt. The sapogenin was 
finally sublimed in a high vacuum at about 180°; at higher temperatures some decomposition 
was apparent. Even the sublimed material crystallised slowly from alcohol, forming felted 
needles, m. p. 269—270° after sintering (Found: C, 76-4; H, 10-0. Calc.: C, 76-6; H, 99%). 
The semicarbazone formed plates, m. p. 270—272° (decomp.), as found by Karrer et al. (loc. 
cit.). The acetate was readily obtained from the crude sapogenin with acetic anhydride and 
pyridine in the cold, forming fine needles sintering at 173°, m. p. 188—189° (Karrer e¢ al., 
loc. cit.), [a]p + 79° (c = 6-70 in chloroform) (Found: C, 74:7; H, 9-5. Calc.: C, 74-9; 
H, 9-4%). It seems unlikely that the unsatisfactory m. p. of our acetate is due to an admixture 
of the acetyl-lactone, as found by Ruzicka and Giacomello (loc. cit.) not only on account of the 
method of preparation used by us, but also because the compound regenerated from the sodium 
salt and therefore presumably freed from lactone, still retained the same properties; no lactone 
could be isolated from the acetate after repeated fractional crystallisation from methyl alcohol. 
The methyl ester of the acetate was prepared with diazomethane and formed long needles, 
m. p. 191°, [a]p + 80° (c = 1-318 in chloroform). 

The acetate was converted into the bromo-lactone, which formed iridescent plates from 
methyl alcohol, m. p. ca. 180° (decomp.), and the isoacetyl-lactone, which crystallised in plates 
from acetic acid or, better, chloroform—methyl alcohol, m. p. 330—332°, in agreement with 
Ruzicka and Giacomello (Helv. Chim. Acta, 1937, 20, 299). The isoacetyl-lactone is very readily 
prepared by merely keeping the crude genin with ten times its weight of acetic acid saturated 
with hydrogen bromide for 2 days. The rotation of our specimen was somewhat lower than the 
value recorded by Ruzicka and Giacomello, namely, [«]p + 27° (¢ = 2-629 in chloroform). 

Lactone of Gypsogenic Acid (III).—3-8 G. of the isoacetyl-lactone were suspended in 190 
c.c. of ‘‘ AnalaR ” acetic acid and kept rapidly stirred while a solution of 1-37 g. of chromic 
acid in the minimum quantity of water, 68-5 c.c. of acetic acid, and 1-2 c.c. of sulphuric acid 
were dropped in during 5 hours. The excess of chromic acid was destroyed with methyl alcohol, 
the solvent distilled off under reduced pressure, and the residue treated with water and ether 
containing some chloroform. The ethereal solution was extracted with 200 c.c. of 10% potassium 
hydroxide solution to remove the acid formed; it gave on evaporation 0-7 g. of unchanged 
lactone. The alkaline solution was warmed on the steam-bath for 2 hours and acidified ; 
an emulsion was then produced. This was shaken with ether, in which the new acid was vir- 
tually insoluble, and filtered, 2-7 g. of colourless solid being collected. It crystallised from 
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alcohol in needles, m. p. 353—355°, and was the hydrate of the acid (I) (Found: C, 71-5; H, 
10-0. Cs 9H,.O5,H,O requires C, 71-4; H, 96%); the methyl ester had m. p. 344—345° (Found : 
C, 74-4; H, 9-5. (C,,H,,0, requires C, 74-4; H, 9-7%). 

Oxidation of the Acid (I).—2 G. of the above acid in 200 c.c. of “‘ AnalaR ”’ acetic acid were 
mechanically stirred while 8-5 c.c. of Kiliani’s solution were dropped in during 4} hours. The 
oxidation was slow and an excess of chromic acid appeared to be present throughout; the 
excess was destroyed with methyl alcohol, the solvent distilled off under reduced pressure, 
and the residue extracted with ether and divided into neutral and acidic products; approxi- 
mately equal amounts of these were isolated. The acid (III) crystallised from alcohol in thick 
prisms melting indefinitely at 270—280°, not altered by further crystallisation (Found: C, 
73-6; H, 9-6. C,,H,,O, requires C, 73:7; H, 9°4%). The methyl ester formed thick transparent 
plates from methyl alcohol, m. p. 191—192° (Found: C, 73-9; H, 9-7. Cy 9H,,.O, requires 
C, 74:1; H, 95%). The 2: 4-dinitrophenylhydvazone formed yellow plates, m. p. 246—247° 
(Found: C, 64-6; H, 7-5. C5.H,,O,N, requires C, 64:8; H, 7-6%). 

The neutral product (II) separated from solvents in a gelatinous form unless it had been 
purified by percolation of its benzene solution through a column of activated alumina; there- 
after it crystallised with great readiness, a behaviour characteristic of the diketo-lactone from 
quillaic acid (compare Elliott and Kon, loc. cit.); it formed needles from acetic acid or from 
chloroform-—methyl alcohol, m. p. 298—301°, clearing at 304° (decomp.) (Found: C, 79-2; 
H, 10-2. Calc.: C, 79-0; H, 10-1%). It gave on treatment with bromine the sparingly 
soluble bromide, m. p. 283° (Kitasato, loc. cit.); the 2 : 4-dinitrophenylhydrazone separated from 
acetic acid in orange-yellow plates, m. p. 274—276° (decomp.) (Found: C, 68-1; H, 7-9. 
Cs5H,gOgN, requires c, 67-7; H, 7-8%). 
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115. The Properties of 3: 6-Anhydrogalactose. 


By W. N. Hawortn, J. Jackson, and F. SMITH. 


The syntheses of 3: 6-anhydro-«- and -$-methylgalactopyranosides and their 
various methylated derivatives are described. 2: 4-Dimethyl 3 : 6-anhydro-a-methyl- 
galactopyranoside (IV), whichis a liquid, can be directly transformed into crystalline 2 : 4- 
dimethyl 3 : 6-anhydro-B-methylgalactopyranoside (VIII) by small amounts of hydrogen 
chloride in air, hydrogen bromide in air, ethereal hydrogen chloride, ethyl-alcoholic 
hydrogen chloride and by methyl-alcoholic hydrogen chloride. This direct « —> 6 
isomerisation also takes place spontaneously when the «a-form is kept for several 
months. None of these methods appears to involve the intermediate formation of a 
free reducing group. With excess of methyl-alcoholic hydrogen chloride both the 
a- and the 8-form of 2 : 4-dimethy] 3 : 6-anhydromethylgalactopyranoside, which have 
strained structures, yield the relatively strainless 2 : 4-dimethyl 3 : 6-anhydrogalactose 
dimethylacetal (XVI). Treatment of the latter either with hydrogen chloride or with 
hydrogen bromide effects the removal of the elements of methyl alcohol and there is 
produced 2: 4-dimethyl 3 : 6-anhydro-§-methylgalactopyranoside (VIII). It is sug- 
gested that the steric effect of the stable five-membered 3 : 6-anhydro-ring is respon- 
sible for some of the peculiar properties of 3 : 6-anhydrogalactose and its derivatives. 


THE transformation of an «-methylglycoside or a B-methyglycoside into an equilibrium 
mixture of the two forms may be effected by means of methyl-alcoholic hydrogen chloride 
and it is usually accepted that this transformation involves the intermediate formation 
of the free sugar. Haworth, Jackson, and Smith (Nature, 1938, 42, 1075) have drawn 
attention to a glycoside, namely, 2: 4-dimethyl 3 : 6-anhydro-a-methylgalactopyranoside 
(IV), which does not appear to conform to this explanation of the «8 isomerisation. This 
substance was prepared as follows. Treatment of «-methylgalactopyranoside (I) with 
p-toluenesulphonyl chloride in pyridine solution yields 6-tosyl «-methylgalactopyranoside 
(II), which is smoothly converted by the action of sodium hydroxide into crystalline 
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3 : 6-anhydro-«-methylgalactopyranoside (III). This compound has also been prepared 
by Valentin (Coll. Czech. Chem. Comm., 1932, 4, 364) and by Ohle and Thiel (Ber., 1933, 
66, 528). Methylation of (III) with Purdie’s reagents affords 2 : 4-dimethyl 3 : 6-anhydro- 
a-methylgalactopyranoside (IV) as a liquid. 
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This liquid 2:4-dimethyl 3: 6-anhydro-«-methylgalactopyranoside (IV) is very 
sensitive to traces of acid; it is rapidly transformed into the corresponding crystalline 
8-form (VIII) by brief contact with (a) air containing hydrogen chloride or hydrogen 
bromide, (b) a drop of a solution of hydrogen chloride in ether or in ethyl alcohol. It 
has been observed that the «——> 8 isomerisation takes place spontaneously when the 
a-glycoside is kept in a stoppered tube. The transformation can also be effected by a 
drop of methyl-alcoholic hydrogen chloride, but since the change occurs in the absence 
of methyl alcohol there can be no loss of a methyl residue and hence the mechanism of 
the reaction does not admit of the intermediate formation of the free sugar. Further- 
more we have now discovered that 2: 4-dimethyl 3: 6-anhydrogalactose dimethylacetal 
(XVI), obtained from (IV) and from (VIII) (see below), is also quickly transformed by 
brief contact with hydrogen chloride or hydrogen bromide into 2 : 4-dimethyl 3 : 6-anhydro- 
§-methylgalactopyranoside (VIII). Both the «- and the @-form of 2: 4-dimethyl 3 : 6- 
anhydromethylgalactopyranoside appear, by ebullioscopic methods, to be monomeric 
and this is confirmed for the §-form by X-ray examination. 

The designation of the crystalline substance obtained from the liquid «-form as 2 : 4- 
dimethyl 3 : 6-anhydro-$-methylgalactopyranoside follows from the fact that it is obtained 
when either 6-tosyl B-methylgalactopyranoside (V) or 6-methylgalactopyranoside 6-bromo- 
hydrin (VI) is treated with sodium hydroxide and the product, 3 : 6-anhydro-B-methyl- 
galactopyranoside (VII), completely methylated with silver oxide and methyl iodide. 
The same conclusion was reached independently by Percival and Forbes (Nature, 1938, 
142, 1076). The enantiomorph of 2 : 4-dimethyl 3 : 6-anhydro-8-methylgalactopyranoside 
has been encountered by Hands and Peat (ibid., p. 797) and by Forbes, Percival, and 
Somerville (ibid., p. 797) during their investigations upon the structure of the poly- 
saccharide agar-agar. 


Both the «- and the oii of 2 : 4-dimethyl 3.: 6 ishdiy atcinbtiepipiictoekas are very 
labile towards dilute acids and behave like methylfuranosides inasmuch as each is hydro- 


lysed with 0-1N-sulphuric acid, slowly at room temperature and rapidly on heating, with 
TT 
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the formation of 2 : 4-dimethyl 3 : 6-anhydrogalactose. From a comparison of the rates 
of hydrolysis it seems that the @-form is more stable than the a-form. The reducing 
methylated sugar, which can be characterised as a crystalline anilide, appears to have an 
aldehydic structure as shown in (IX), for it restores the colour to Schiff’s reagent and 
immediately decolorises neutral potassium permanganate. Oxidation of (IX) with 
bromine affords crystalline 2 : 4-dimethyl 3 : 6-anhydrogalactonic acid (X) and this acid on 
treatment with diazomethane yields the corresponding crystalline methyl ester, which 
can be distilled unchanged. When the acid (X) is heated above its melting point for 
some time and then subjected to distillation, there is produced 2 : 4-dimethyl 3 : 6-anhydro- 
galactonolactone (XI); the latter and the above methyl ester can be characterised by 
their conversion into the corresponding crystalline amide (XII). Some indication of the 
stability of the 3 : 6-anhydro-ring is revealed by the observation that the acid (X) may 
be prepared by the oxidation of 2: 4-dimethyl 3 : 6-anhydro-«-methylgalactoside (IV) 
with nitric acid. 

Both forms of 3: 6-anhydromethylgalactopyranoside undergo hydrolysis at room tem- 
perature when treated with 0-1n-sulphuric acid to give 3: 6-anhydrogalactose, the 
properties of which indicate that it has an aldehydic structure as in (XIII). In agree- 
ment with the observation that dimethyl 3 : 6-anhydro-f-methylgalactopyranoside (VIII) 
is more stable than the «-form (IV) it is found that 3 : 6-anhydro-8-methylgalactopyranoside 
(VII) is hydrolysed more slowly than the a-form (III). 


(XVIL.) (XVIII.) 


When either the «- or the 8-form of 2 : 4-dimethyl 3 : 6-anhydromethylgalactopyranoside 
is treated at room temperature with an excess of 0-5% methyl-alcoholic hydrogen chloride, 
there is produced 2 : 4-dimethyl 3 : 6-anhydrogalactose dimethylacetal (XVI). Similarly, 
when the «- and the $-form of 3: 6-anhydromethylgalactopyranoside are treated with 
excess of methyl-alcoholic hydrogen chloride, the pyranose ring opens and in each case 
there is produced 3: 6-anhydrogalactose dimethylacetal (XV). The assignment of an 
open-chain aldehydic structure to (XVI) and (XV) is based upon the following experi- 
mental facts. The 2: 4-dimethyl 3 : 6-anhydrogalactose dimethylacetal (XVI) yields a 
mono-p-nitrobenzoate and the 3: 6-anhydrogalactose dimethylacetal (XV) gives a #ri-p- 
nitrobenzoate; the acetal methyl groups attached to position 1 are easily eliminated from 
(XVI) and from (XV) by acid hydrolysis with the formation of 2 : 4-dimethyl 3 : 6-anhydro- 
galactose (IX) and aldehydo 3 : 6-anhydrogalactose (XIII) respectively. It is particularly 
interesting to note that the 2 : 4-dimethyl 3 : 6-anhydrogalactose dimethylacetal (XVI) is 
directly transformed into 2: 4-dimethyl 3 : 6-anhydro-8-methylgalactopyranoside (VIII) 
by the agency of hydrogen chloride or hydrogen bromide in air and in the process one 
methyl group is eliminated. Moreover both (XVI) and (XV) give on methylation with 
Purdie’s reagents, 2:4: 5-trimethyl 3: 6-anhydrogalactose dimethylacetal (XVII). Two 
of the methyl groups of the latter, those attached to position 1, are easily removed on 
hydrolysis with dilute sulphuric acid to give 2:4: 5-trimethyl aldehydo 3 : 6-anhydro- 
galactose (XVIII), which quickly restores the colour to Schiff’s reagent and immediately 
decolorises potassium permanganate. Oxidation of (XVIII) with bromine yields 2 : 4 : 5- 
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trimethyl 3 : 6-anhydrogalactonic acid (XIX), which with ethereal diazomethane gives the 
corresponding methyl ester (XX). The latter is also produced by complete methylation 
of the 3 : 6-anhydrogalactonic acid (XIV) obtained from aldehydo 3 : 6-anhydrogalactose 
(XIII) by bromine oxidation. 

Inspection of the above experimental facts demonstrates that the properties of the 
3 : 6-anhydrogalactose and its derivatives are unusual in several ways. For instance, 
the a- and the @-form of 3 : 6-anhydromethylgalactopyranoside and the two forms of its 
2 : 4-dimethyl derivative are transformed by excess of acid methyl alcohol into the corre- 
sponding dimethylacetals (XV and XVI respectively); and also worthy of note is the 
great ease with which the anhydromethylgalactopyranosides undergo acid hydrolysis to 
give the reducing methylated sugars, which appear to exist in the aldehydic forms (XIII) 
and (IX). These facts point to instability of the dicyclic system present in the 3: 6- 
anhydromethylgalactosides. An examination of models furnishes an explanation of 
these remarkable properties; a molecule containing a 1 : 5-pyranose ring and a 3: 6- 
anhydro-ring is in a state of considerable strain and furthermore this strain can be elimin- 
ated by the opening of either of the ring systems. Under the conditions employed in this 
work the etheric 3 : 6-anhydro-ring is more stable than the 1 : 5-pyranose ring and the 
molecule relieves itself of strain by the opening of the 1: 5-ring; hence the formation 
of the aldehydo-sugars and the dimethylacetals. Elimination of strain due to the presence 
of the two ring systems is apparently not achieved by the rupture of the 3 : 6-anhydro- 
ring, the steric effect of which is so pronounced that it appears to govern the form of 
the molecule in which it exists. It is clear that the formation of the dicyclic structure 
in the anhydromethylgalactopyranoside is facilitated by the 1: 5-pyranose ring being 
stabilised (as methylgalactopyranoside) before closure of the 3: 6-anhydro-ring takes 
place. 

The direct transformation of 2: 4-dimethyl 3 : 6-anhydro-«-methylgalactopyranoside 
(IV) into the corresponding $-isomeride (VIII) appears to be a new phenomenon in the 
sugar series; the mechanism of the reaction involved in this isomerisation and also that 
involved in the transformation of 2: 4-dimethyl 3: 6-anhydrogalactose dimethylacetal 
(XVI) into the 2: 4-dimethyl 3 : 6-anhydro-8-methylgalactopyranoside are not yet clear. 
With regard to the conversion of the anhydro-a-methylgalactoside (IV) into the §-form 
(VIII) it is noteworthy that treatment of 2 : 4-dimethyl 3 : 6-anhydro-«-methylgalactoside 
with an excess of a solution of hydrogen chloride in methyl alcohol affords an equilibrium 
mixture consisting of the dimethylacetal (XVI) and the anhydro-$-methylgalactoside 
(VIII) while little or no anhydro-«-methylgalactoside remains unchanged and hence it 
would appear that the dicyclic 8-form (VIII) is more stable than the «-form (IV). On 
the other hand it is abundantly clear that the conversion of the dimethylacetal (XVI), 
which has only one ring, into the 2 : 4-dimethyl 3 : 6-anhydro-8-methylgalactoside (VIII), 
which possesses a two-ring system, cannot be explained on the basis of a change from an 
unstable configuration to a more stable one, because the acetal (XVI) has a more stable 
structure than the anhydro-§-methylgalactoside (VIII). Although the 2: 4-dimethyl 
3 : 6-anhydrogalactose dimethylacetal (XVI) can be crystallised (m. p. 36°), it is usually 
obtained as a liquid and it seems significant that both 2: 4-dimethyl 3 : 6-anhydro-«- 
methylgalactoside (IV) and the acetal (XVI) are liquid while the 2: 4-dimethyl 3 : 6- 
anhydro-f-methylgalactoside (VIII) obtained from both of these liquids is a crystalline 
compound (m. p. 83°); furthermore the conversion of (IV) and (XVI) into (VIII) pro- 
ceeds more nearly to completion with gaseous hydrogen chloride than with an excess of 
a solution of hydrogen chloride in an organic solvent which dissolves all the reaction 
products. These facts suggest that both the transformation from the liquid «-form (IV) 
and from the liquid dimethylacetal (XVI) to the solid 8-form (VIII) is a question of an 
equilibrium in which the @-form crystallises as it is produced, with the result that more 
of (IV) and of (XVI) will pass into the crystalline 2 : 4-dimethyl 3 : 6-anhydro-8-methyl- 
galactoside. 

EXPERIMENTAL. 

6-Tosyl a-Methylgalactopyranoside (II).—A solution of syrupy anhydrous «-methylgalacto- 

pyranoside [prepared from the crystalline monohydrate (100 g.) by heating under reduced 
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pressure at 100—110°] in dry pyridine (150 c.c.) was treated with p-toluenesulphonyl chloride 
(1-5 mols.) for 12 hours at room temperature and for 2 days at 30°. The viscous product was 
poured into water with stirring and the insoluble syrupy precipitate was triturated many times 
with water to remove as much of the pyridine as possible. The crude material was triturated 
with methyl alcohol or acetone, and the crystalline 6-tosyl «-methylgalactoside filtered off, 
washed with acetone, and dried. Yield, 40 g.; m. p. 178° (decomp.). After recrystallisation 
from pyridine-light petroleum it had m. p. 188°, [«]}7’ + 118° in pyridine (c, 1-4) (Ohle and 
Thiel, Joc. cit., record m. p. 170°, [aJ]}* + 103-5°) (Found: C, 48-1; H, 5-8; OMe, 8-8; S, 9-4. 
Calc. for C,4H,,0,S: C, 48-3; H, 5-8; OMe, 8-9; S, 9-2%). 

Removal of the solvent under diminished pressure from the mother-liquors gave a syrupy 
product, which was dissolved in chloroform. The solution was extracted several times with 
dilute sulphuric acid to remove pyridine, with a solution of sodium bicarbonate, and finally 
with water, dried over anhydrous magnesium sulphate, filtered, and concentrated to a syrup, 
which was dissolved in ethyl alcohol and allowed to crystallise. Recrystallisation from ethyl 
alcohol gave a ditosyl a-methylgalactopyranoside, m. p. 148°, [a]i®* + 68° in pyridine (c, 2-0) 
(Found: C, 49-9; H, 5-1; OMe, 6-1. C,,H 0,95, requires C, 50-2; H, 5-2; OMe, 6-2%). 
The disposition of the two tosyl groups in this compound is now under investigation. 

3 : 6-Anhydro-a-methylgalactopyranoside (III).—A solution of 6-tosyl «-methylgalactoside 
(5 g.) in ethyl alcohol (200 c.c.), after addition of N-sodium hydroxide (16 c.c.), was heated for 
1 hour at 60°, neutralised with carbon dioxide, and evaporated to dryness under reduced 
pressure. Extraction of the solid residue with acetone gave 3 : 6-anhydro-«-methylgalacto- 
pyranoside in almost quantitative yield, m. p. 140°, [«]}§° + 80° in water (c, 1-0), after recrys- 
tallisation from ethyl acetate (Found: C, 48-0; H, 6-6; OMe, 17-7. Calc. for C,H,,0,: 
C, 47-7; H, 6-8; OMe, 17-6%). 

2:4-Dimethyl 3: 6-Anhydro-a-methylgalactopyranoside (IV).—3: 6-Anhydro-«-methylgal- 
actopyranoside (4 g.) was subjected to methylation with methyl iodide and silver oxide in the 
presence of sufficient acetone to dissolve the crystalline material. The partly methylated 
product, isolated by means of acetone, was given two further treatments with Purdie’s reagents 
(without the addition of acetone) and then distilled, giving 2 : 4-dimethyl 3 : 6-anhydvo-a-methyl- 
galactopyranoside as a colourless mobile liquid (4-3 g.), b. p. (bath temp.) 90°/0-01 mm., jj" 
1-4640, [«]}” + 73° in water (c, 1-2), [«]}*° + 99° in ether (c, 0-6) (Found: OMe, 45:3; M, 208 
by elevation of b. p. of chloroform. C,H,,O, requires OMe, 45:6%; M, 204). 

After being kept for 4 months in a tube closed with a rubber stopper, the liquid «-form 
had changed into a solid crystalline f-form. After recrystallisation from ether-light petroleum 
or, better, from a small volume of water 2 : 4-dimethyl 3 : 6-anhydro-B-methylgalactopyranoside 
had m. p. 83°, [a]}® — 77° in water (c, 0-7), [a]? — 81° in methyl alcohol (c, 0-7), [«]}® — 87° 
in chloroform (c, 0-8) (Found: C, 53-1; H, 8-0; OMe, 45-5; M, 202, by elevation of b. p. of 
chloroform. C,H,,0, requires C, 52-9; H, 7-8; OMe, 45-6%; M, 204). The syrup obtained 
from the mother-liquors had a positive rotation ([«]) + 21°), showing that complete trans- 
formation into the $-form had not taken place. 

2: 4-Dimethyl 3 : 6-Anhydrogalactose (IX).—(a) Hydrolysis of 2 : 4-dimethyl 3 : 6-anhydro-B- 
methylgalactoside. A solution of 2: 4-dimethyl 3 : 6-anhydro-$-methylgalactoside (0-1 g.) in 
0-1n-sulphuric acid (20 c.c.), which showed [a], — 70°, was heated for 24 hours on the boiling 
water-bath. The hydrolysis was then complete and the rotation was constant ({«]p + 21°); 
the solution was neutralised with 0-1n-sodium hydroxide (20 c.c.) and evaporated to dryness. 
Extraction of the residue with acetone gave 2 : 4-dimethyl 3 : 6-anhydrogalactose, m. p. 112° 
(after recrystallisation from ethyl alcohol-ether). This crystalline material changed to a 
syrup after a few days and it has not been found possible to repeat the preparation of the 
crystalline material. Several subsequent preparations have furnished a syrupy product. 

A solution of 2 : 4-dimethyl 3 : 6-anhydro-B-methylgalactoside (0-0397 g.) in 0-1N-sulphuric 
acid showed [a], — 76° (initial value), — 68° (after 16 hours), — 55° (64 hours), — 42° (88 
hours), — 21° (144 hours), — 2-5° (240 hours), + 23° (44 days). The solution ([«]) + 23°) 
quickly restored the colour to Schiff’s reagent. 

A solution in n-sulphuric acid showed [a], — 70-5° (after 2} hours), — 65° (4 hours), — 54-5° 
(6 hours), — 46-5° (9 hours), — 9-5° (23 hours), + 20° (47 hours), + 23° (59 hours), + 25° 
(71 hours), + 26-5° (95 hours) (constant for 20 hours). The product isolated from this experi- 
ment was a colourless syrup which failed to crystallise. It restored the colour to Schiff’s reagent 
and reduced hot Fehling’s solution. 

(b) Hydrolysis of 2: 4-dimethyl 3 : 6-anhydvo-a-methylgalactopyranoside (IV).—A solution 
of 2: 4-dimethyl 3: 6-anhydro-a-methylgalactoside (1-7 g.) in 0-ln-sulphuric acid (50 c.c.) 
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was heated on the boiling water-bath for 1 hour. The solution, which now had [a], + 22°, 
was neutralised with barium carbonate, filtered, and evaporated to a syrup, which was dis- 
tilled, giving a colourless liquid, b. p. (bath temp.) 150°/0-03 mm., nl" 1-4830, [a] + 24° in 
water (c, 1-4). This material, aldehydo 2 : 4-dimethyl 3 : 6-anhydrogalactose, restored the colour 
to Schiff’s reagent; it decolorised an aqueous solution of potassium permanganate and reduced 
hot Fehling’s solution actively (Found : OMe, 33-0. C,H,,O, requires OMe, 32-6%). 

A solution of 2 : 4-dimethy] 3 : 6-anydro-«-methylgalactopyranoside (0-3 g.) in 0-1N-sulphuric 
acid had [a]p + 53° (initial value), + 47-5° (after 24 hours), + 28-7° (19} hours), + 26-5° 
(26 hours), -+- 26° (39 hours) (constant for 6 days). The solution was neutralised with barium 
carbonate, filtered, and evaporated under reduced pressure to a syrup, which was distilled, 
giving 2: 4-dimethyl 3: 6-anhydrogalactose, b. p. (bath temp.) 145°/0-05 mm., nj 1-4820 
(Found: OMe, 33-3%). The distillate restored the colour to Schiff’s reagent and readily 
reduced hot Fehling’s solution. 

When a solution of this syrupy 2: 4-dimethyl 3 : 6-anhydrogalactose (50 mg.) (prepared 
from either the a- or the @-form of the corresponding galactoside) was treated with aniline 
(30 mg.) in boiling ethyl alcohol (2 c.c.) for 3 hours, the corresponding 2 : 4-dimethyl 3 : 6- 
anhydrogalactose anilide was produced. Removal of excess of the solvent furnished crystals, 
m. p. 123°, [aJ}i® + 56° (equilibrium value) in ethyl alcohol (c, 0-8) (after recrystallisation from 
ethyl alcohol-ether) (Found: C, 63-5; H, 7:4; OMe, 23-0; N, 5:4. C,,H,,O,N requires 
C, 63-4; H, 7-2; OMe, 23-4; N, 53%). 

2:4-Dimethyl 3: 6-Anhydrogalactonolactone (XI).—A solution of 2:4-dimethyl 3: 6- 
anhydrogalactose (0-5 g.) in water (10 c.c.) was treated with bromine (0-5 c.c.) and left at room 
temperature for 3 days. The solution was freed from excess of the bromine by aeration, 
neutralised with silver oxide, filtered before and after treatment with hydrogen sulphide, and 
evaporated to dryness under reduced pressure. The syrupy product was distilled, giving a 
mixture of 2 : 4-dimethyl 3 : 6-anhydrogalactonolactone and the free acid as a liquid, b. p. (bath 
temp.) 150°/0-01 mm., m}?" 1-4690, [«}i® + 36° (initial value) in water (c, 1-3). The distillate 
showed an acid reaction to Congo paper (Found : OMe, 32-8. C,H,,O, requires OMe, 32-95%). 

Treatment of this lactone with methyl-alcoholic ammonia for 2 days at — 5° gave the 
amide of 2: 4-dimethyl 3 : 6-anhydrogalactonic acid, m. p. 151°, [a]}7 + 81° in water (c, 0-7) 
(after recrystallisation from ethyl alcohol). The yield was not good owing to the lactone 
being contaminated with some of the corresponding acid (Found: C, 46-9; H,7-4; OMe, 30-1; 
N, 6-8. C,H,,0,;N requires C, 46-8; H, 7-3; OMe, 30-2; N, 6-8%). 

2: 4-Dimethyl 3: 6-Anhydrogalactonic Acid.—When a solution of the lactone was slowly 
evaporated in air, crystals of 2 : 4-dimethyl 3 : 6-anhydrogalactonic acid (X) were obtained, m. p. 
152°, [a]}*" — 66°, initial value in water (c, 1-0) (after recrystallisation from ethyl acetate) 
(Found: C, 46-4; H, 6-9; OMe, 29-1. C,H,,O, requires C, 46-6; H, 6-9; OMe, 30-1%). 

The following method proved to be better than the previous one for the preparation of 
2: 4-dimethyl 3 : 6-anhydrogalactonic acid. To a solution of 2: 4-dimethyl galactose (0-5 g.) 
in water (15 c.c.), bromine (1 c.c.) and excess of basic lead carbonate were added. From time 
to time the mixture was shaken and after 12 hours the oxidation was complete. The solution 
was filtered, treated with hydrogen sulphide, filtered, and concentrated to half volume to 
remove hydrogen sulphide. The solution was neutralised with silver oxide to remove hydro- 
bromic acid, filtered before and after treatment with hydrogen sulphide, and evaporated to 
dryness, giving crystalline 2: 4-dimethyl 3 : 6-anhydrogalactonic acid, m. p. 152°, [a]}}" + 66° 
in water (c, 0-9) (after recrystallisation from ethyl acetate) (Found: OMe, 29°9%; equiv., 
207). The stability of this acid is shown by the fact that it can be sublimed unchanged in a 
vacuum. If, however, the acid is heated for 4 hours above its m. p. and then distilled, some 
lactone is produced as a colourless liquid, b. p. (bath temp.) 140—150°/0-01 mm., n}}° 1-4720; 
[a}i* + 4°, initial value in water (c, 1-2), constant for 4 days; no change in rotation took 
place when the solution was boiled, but after about 3 minutes’ heating with 1-5 equivalent pro- 
portions of n-sodium hydroxide the rotation was + 59°. 

Methyl 2: 4-Dimethyl 3 : 6-Anhydrogalactonate.—When a solution of 2: 4-dimethyl 3: 6- 
anhydrogalactonic acid (0-03 g.) in methyl alcohol (2 c.c.) was treated with a slight excess of 
ethereal diazomethane (i.e., until the yellow colour due to excess of diazomethane persisted 
for several minutes), esterification proceeded rapidly; removal of the solvent gave methyl 
2: 4-dimethy] 3 : 6-anhydrogalactonate, m. p. 51°, [«]}*° + 67° in water (c, 3-3) (after recrystal- 
lisation from ether—light petroleum) (Found: C, 49-3; H, 7-3; OMe, 41-3. Calc. for C,5H,,0, : 
C, 49-1; H, 7°35; OMe, 42-25%) (see Forbes and Percival, J., 1939, 1844). Treatment of this 
ester with methyl-alcoholic ammonia gave an almost quantitative yield of the corresponding 
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amide of 2: 4-dimethyl 3 : 6-anhydrogalactonic acid, m. p. 151° (after recrystallisation from 
ethyl alcohol). 

Oxidation of 2: 4-Dimethyl 3: 6-Anhydro-a-methylgalactopyranoside with Nitric Acid.—A 
solution of 2: 4-dimethyl 3: 6-anhydro-«-methylgalactoside (0-6 g.) in nitric acid (10 c.c., 
d 1-42) was heated for 1 hour at 50—60° and for 2 hours at 80°. Water was then added and 
the solution was evaporated to dryness under reduced pressure to remove nitric acid, water 
and finally methyl alcohol being added to facilitate the process. When quite free from nitric 
acid, the acidic product was distilled in the presence of a few mg. of barium carbonate, giving 
a colourless distillate (0-4 g.), b. p. 140°/0-02 mm., nj 1-4610 (Found: OMe, 29%). The 
distillate reacted acid to Congo paper and when treated with methyl-alcoholic ammonia it 
yielded the amide of 2 : 4-dimethyl 3 : 6-anhydrogalactonic acid, m. p. and mixed m. p. 151°, 
[a}iS* +- 79° in water (c, 1-2) (after recrystallisation from ethyl alcohol). 

Transformation of 2: 4-Dimethyl 3 : 6-Anhydvo-a-methylgalactopyranoside (IV) into 2: 4-Di- 
methyl 3 : 6-Anhydvo-B-methylgalactopyranoside (VIII).—(a) With hydrogen chloride. 2: 4-Di- 
methyl 3 : 6-anhydro-«-methylgalactoside (20 mg.), contained in a small ignition tube, was 
subjected to the action of dry hydrogen chloride, issuing from a narrow jet, for about 30 seconds. 
On scratching, the product solidified and after removal of the hydrogen chloride, either by 
evacuation over soda lime or, better, by dissolving the solid in ether and neutralising the 
ethereal solution with silver carbonate, followed by removal of the solvent, there was obtained 
2: 4-dimethyl 3 : 6-anhydro-8-methylgalactopyranoside, m. p. and mixed m. p. 83°, [a]}®*° — 77° 
in water (c, 1-0) (after recrystallisation from water) (Found: OMe, 45-3%). 

(b) With hydrogen bromide. By following the procedure used in (a), the a-form (20 mg.) 
gave the 6-form in good yield, m. p. and mixed m. p. 83° (after recrystallisation from water). 

(c) With ethereal hydrogen chloride. 2: 4-Dimethy] 3 : 6-anhydro-a-methylgalactoside shows 
[«]p + 99° in ethereal solution; when dissolved in ethereal hydrogen chloride (2-4n), the 
solution had [a]}* — 22° (initial value). Treatment of the liquid a-form (50 mg.) with 1 drop 
of ethereal hydrogen chloride (2-4n) caused almost immediate crystallisation and, when dis- 
solved in ether, the crude product showed [«]}*" — 60°. This second procedure therefore appears 
to be the better method for effecting the isomerisation. Removal of the hydrogen chloride, 
followed by crystallisation from water, gave the pure $-form, m. p. and mixed m. p. 83°. 

(d) With ethyl-alcoholic hydrogen chloride. Treatment of the liquid a-form (20 mg.) with 
1 drop of ethyl-alcoholic hydrogen chloride (2-6n) caused immediate crystallisation. Ether 
(1—2 c.c.) was added, and the hydrogen chloride immediately neutralised with silver car- 
bonate; the solution was filtered and freed from solvent, and the product crystallised from 
ether-light petroleum, giving the pure B-form, m. p. and mixed m. p. 83°. 

(e) With methyl-alcoholic hydrogen chloride. The «-form (30 mg.) was transformed into the 
6-form by treating it with 1 drop of methyl-alcoholic hydrogen chloride (2N). Isolated as 
under (d), the 2 : 4-dimethy] 3 : 6-anhydro-8-methylgalactoside had m. p. and mixed m. p. 83°, 
[a]}** — 82° in methyl alcohol (c, 0-5). 

Unsuccessful attempts were also made to effect the isomerisation with small amounts of 
chloroformic hydrogen chloride (0-4N), ethyl-alcoholic hydrogen chloride (0-5n), and with 
hydrochloric acid (0-1nN). The 2: 4-dimethyl 3 : 6-anhydro-a-methylgalactopyranoside is not 
affected by solutions of ammonia in ether or in methyl alcohol. 

Preparation of 2:4-Dimethyl 3: 6-Anhydrogalactose Dimethylacetal (XVI1).—(a) From 
2: 4-dimethyl 3 : 6-anhydvo-a-methylgalactoside. A solution of 2: 4-dimethyl 3 : 6-anhydro-a- 
methylgalactoside (0-118 g.) in 0-5% methyl-alcoholic hydrogen chloride (9 c.c.) showed the 
following change in rotation when left at room temperature : [a] ca. + 54° (after 1 min.), + 48° 
(3 mins.), + 40° (40 mins.), + 33-7° (100 mins.), + 30° (170 mins.), + 28° (840 mins.). Neutral- 
isation of the mineral acid, followed by removal of the solvent, gave 2 : 4-dimethyl 3 : 6-anhydro- 
galactose dimethylacetal, which distilled as a colourless mobile liquid, b. p. (bath temp.) 
107°/0-03 mm., m}*° 1-4525, [«]}* + 20° in water (c, 2-0) (Found: OMe, 49-7. C,9H,,O, re- 
quires OMe, 52-6%). The low methoxyl value is due to the presence of some 2: 4-dimethyl 
3: 6-anhydro-$-methylgalactoside. When the 2 : 4-dimethyl 3 : 6-anhydro-a«-methylgalactoside 
is boiled with 1-5% methyl-alcoholic hydrogen chloride, the dimethylacetal is accompanied 
by more 2: 4-dimethyl 3 : 6-anhydro-$-methylgalactoside than is the case when cold 0-5% 
methyl-alcoholic hydrogen chloride is employed. Thus from the product obtained with boil- 
ing acid methyl alcohol in this way there is produced a liquid, b. p. 110—120° (bath temp.) /0-03 
mm., ni" 1-4564 (Found: OMe, 46-4%), which crystallised on nucleation with 2 : 4-dimethyl 
3: 6-anhydro-f-methylgalactoside. The crystals were isolated by tiling and had m. p. and 
mixed m. p. 82° (after recrystallisation from water). 
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(b) From 2:4-dimethyl 3: 6-anhydro-B-methylgalactoside. A solution of 2: 4-dimethyl 
3: 6-anhydro-8-methylgalactoside in 1% methyl alcohol at room temperature showed [a]) ca, 
— 46° (after 2 mins.), — 20° (6 mins.), + 20° (23 mins.), + 40° (4 hours), + 30° (6 hours) 
(constant for several hours). The action of 0-5% methyl-alcoholic hydrogen chloride also 
effects the same rotational change and from 2: 4-dimethyl 3 : 6-anhydro-$-methylgalactoside 
(0-4 g.) there was obtained 2: 4-dimethyl 3: 6-anhydrogalactose dimethylacetal (0-37 g.), 
b. p. (bath temp.) 110°/0-02 mm., nj} 1-4540, [a]p + 23° in water (c, 0-8) (Found: OMe, 
51-0%). 

When specimens of 2: 4-dimethyl 3: 6-anhydrogalactose dimethylacetal (30 mg.) pre- 
pared as in (a) and (b) were subjected to the action of gaseous hydrogen chloride for about 
30 seconds, the liquid acetal was almost immediately converted into the crystalline 2 : 4-di- 
methyl 3: 6-anhydro-$-methylgalactoside. The crystalline product was dissolved in ether 
(2 c.c.); the solution was neutralised with silver carbonate, filtered, and freed from solvent, 
and 2: 4-dimethyl 3 : 6-anhydro-8-methylgalactoside was obtained, m. p. and mixed m. p. 83°, 
(after recrystallisation from water) (Found: OMe, 45°3%). 

A solution of the 2 : 4-dimethyl 3 : 6-anhydrogalactose dimethylacetal (0-2 g.) in pyridine 
(0-3 c.c.) was treated with p-nitrobenzoyl chloride (0-18 g.) for 3 days at room temperature. 
The syrupy crystalline mass was triturated with a saturated solution of potassium bicarbonate 
to react with the excess of the -nitrobenzoyl chloride; the syrupy product was dissolved in 
chloroform (10 c.c.) and the chloroform solution was washed twice with 0-1n-sulphuric acid to 
remove pyridine, once with an aqueous solution of sodium bicarbonate, and then twice with 
water. After being dried over anhydrous magnesium sulphate, the chloroform solution was 
filtered and evaporated to a syrup, which was distilled, giving fraction (i) 2: 4-dimethyl 3: 6 
anhydro-§-methylgalactoside (0-05 g.), b. p. (bath temp.) 90°/0-03 mm.; this material solidified 
immediately and had m. p. and mixed m. p. 83° (after recrystallisation from water); fraction 
(ii) 5-p-nitvobenzoyl 2: 4-dimethyl 3: 6-anhydrogalactose dimethylacetal (0-2 g.), b. p. (bath 
temp.) 215°/0-03 mm., n>” 1-4513 (Found: C, 52-8; H, 6-1; OMe, 32-0; N, 3-7. C,,H,,0O,N 
requires C, 53-0; H, 6-0; OMe, 32-2; N, 3-6%). 

In order to make certain that the pure 2: 4-dimethyl 3: 6-anhydrogalactose dimethyl- 
acetal can be transformed into the crystalline 2 : 4-dimethyl 3 : 6-anhydro-8-methylgalactoside 
the acetal was regenerated from the mono-p-nitrobenzoate and treated with hydrogen chloride 
as follows. To a solution of the mono-p-nitrobenzoate (0-5 g.) in dry methyl alcohol (165 c.c.), 
sodium (8 mg.) was added and the solution was left for 12 hours at room temperature. Re- 
moval of the solvent under reduced pressure gave a mixture of crystalline methyl p-nitro- 
benzoate and the syrupy acetal. The mixture was triturated with water and filtered to remove 
the methyl p-nitrobenzoate; evaporation of the filtrate gave the crude acetal, which was 
purified by extraction with a mixture of acetone (5 c.c.) and ether (15c.c.). The 2: 4-dimethyl 
3: 6-anhydrogalactose dimethylacetal was obtained as a colourless liquid (0-25 g.), b. p. (bath 
temp.) 95°/0-02 mm., ni" 1-4525, [«]}® + 35° in water (c, 0-7) (Found: C, 50-7; H, 8-6; 
OMe, 51-9%). Redistillation of this liquid acetal gave a colourless distillate, which crystallised 
spontaneously on keeping, and after recrystallisation from light petroleum containing a little 
ether the 2: 4-dimethyl.3 : 6-anhydrogalactose dimethylacetal had m. p. 36°; [a]}®* + 36° in 
water (c, 3-6) (Found: C, 50-9; H, 83; OMe, 52:3. C, ,H,,O, requires C, 50-8; H, 8-6; 
OMe, 52-6%). 

When the pure liquid acetal (20 mg.) was subjected to the action of gaseous hydrogen 
chloride for about 30 seconds at room temperature, it was quickly transformed into the crys- 
talline dimethyl 3 : 6-anhydro-8-methylgalactoside. The hydrogen chloride was removed as in 
previous cases and there was obtained 2 : 4-dimethyl 3 : 6-anhydro-$-methylgalactopyranoside, 
m. p. 83°, [a]?” — 78° in water (c, 0-6) (after recrystallisation from water) (Found: C, 52-8; 
H, 7:95; OMe, 45-65%). The same transformation can be effected by means of hydrogen 
bromide. 

Hydrolysis of 2:4-Dimethyl 3: 6-Anhydrogalactose Dimethylacetal.—A solution of the 
2:4-dimethyl 3: 6-anhydrogalactose dimethylacetal in 0-1Nn-sulphuric acid had [a], + 36° 
(initial value); + 33° (after 2 days); + 30° (3 days); + 28° (4 days); + 26° (7 days); 
+ 25° (9 days); + 20-5° (14 days, constant value). The solution ({«],) + 20-5°) quickly 
restored the colour to Schiff’s reagent. 

The dimethylacetal (0-2 g.), dissolved in 0-1n-sulphuric acid (5 c.c.),, was hydrolysed by 
heating for 14 hours on the boiling water-bath; after neutralisation of the sulphuric acid 
with barium carbonate the solution was filtered and evaporated to dryness under reduced 
pressure to give syrupy 2: 4-dimethyl aldehydo 3: 6-anhydrogalactose, b. p. (bath temp.) 
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140° /0-03 mm., mp 1-4825, [a], + 20° in water (c, 1-0) (Found: OMe, 33-6%). The distillate 
readily reduced Fehling’s solution and restored the colour to Schiff’s reagent. When it was 
treated with ethyl-alcoholic aniline (see above), the characteristic anilide of 2: 4-dimethyl 
3 : 6-anhydrogalactose was obtained, m. p. and mixed m. p. 122° (after recrystallisation from 
ethyl alcohol-ether). 

2:4: 5-Trimethyl 3: 6-Anhydrogalactose Dimethylacetal (XVII).—2:4-Dimethyl 3: 6-an- 
hydrogalactose dimethylacetal (2-5 g.; OMe, 51-0%) which probably contained a little 2 : 4-di- 
methyl 3: 6-anhydromethylgalactoside was methylated once with silver oxide and methyl 
iodide to give a liquid, b. p. (bath temp.) 120°/0-03 mm., n}* 1-4465, [«]) + 28° in water 
(c, 0-9) (Found: OMe, 57-5%). This product was then treated with 0-5% methyl-alcoholic 
hydrogen chloride (50 c.c.) for 12 hours; neutralisation of the mineral acid with silver car- 
bonate, followed by removal of the solvent, furnished a liquid, which was treated once with 
Purdie’s reagents. The product obtained in this way was distilled, giving 2: 4: 5-trimethyl 
3 : 6-anhydrogalactose dimethylacetal as a colourless mobile liquid (2-4 g.), b. p. (bath temp.) 
120°/0-03 mm., nis 1-4450, [a]}?” + 41-0° in water (c, 0-8) (Found: OMe, 61:1. C,,H,,0, 
requires OMe, 61- 9%). A 1% solution of 2: 4: 5-trimethyl 3 : 6-anhydrogalactose dimethyl- 
acetal in 0-1n-sulphuric acid showed [a«]}3° + 38°; on keeping for 20 hours, no change in 
rotation was observed and the solution neither reduced Fehling’s solution nor restored the 
colour to Schiff’s reagent. 

2:4:5-Trimethyl Aldehydo 3: 6-Anhydrogalactose (XVIII).—A solution of the 2:4: 5- 
trimethyl 3 : 6-anhydrogalactose dimethylacetal (2-2 g.) in 0-Oln-sulphuric acid (45 c.c.) was 
heated for 2 hours on the boiling water-bath; the rotation changed from [a], + 37° (initial 
value) to + 27° (equilibrium value). The solution at this stage reduced Fehling’s solution 
actively and quickly restored the colour to Schiff’s reagent. After neutralisation of the sul- 
phuric acid with barium carbonate, and removal of the solvent under reduced pressure, there 
was obtained a liquid, which was purified by extraction with ether. This material was dis- 
tilled, giving 2:4: 5-trimethyl aldehydo 3: 6-anhydvogalactose (0-9 g.), b. p. (bath temp.) 
105° /0-02 mm., ni7° 1-4510, [«}}?" + 41° in water (c, 0-5) (Found: OMe, 45-8. C,H,,0, requires 
OMe, 45°6%). The low yield of the 2: 4: 5-trimethyl 3 : 6-anhydrogalactose may be partly 
due to loss which is inevitable during the concentration of an aqueous solution of such a volatile 
liquid and partly due to decomposition during distillation; support for the latter view is forth- 
coming from the eseerenten that a second viscous fraction can be distilled, b. p. (bath temp.) 
160° /0-02 mm., }® 1-4710 (Found: OMe, 40-6%), which also reduces Fehling’s solution and 
gives a positive Schiff’ s test. 

The 2: 4: 5-trimethyl 3: 6-anhydrogalactose appeared to react with aniline; heat was 
produced when equimolecular proportions were mixed but no crystalline product was isolated. 

When a solution of the 2:4: 5-trimethyl 3: 6-anhydrogalactose (0-2 g.) in 1% methyl- 
alcoholic hydrogen chloride (10 c.c.) was kept at room temperature for 12 hours, the corre- 
sponding acetal was regenerated. The solution was neutralised with silver carbonate, filtered, 
and evaporated to dryness, giving 2: 4: 5-trimethyl galactose dimethylacetal (0-2 g.), b. p. 
(bath temp.) 115°/0-02 mm., nis 1-4450, [«]}% + 42° in water (c, 1-1) (Found: OMe, 61-1%). 

2:4: 5-Trimethyl 3: 6-Anhydrogalactonic Acid (XIX).—A solution of 2: 4: 5-trimethyl 
3: 6-anhydrogalactose (0°45 g.) in water (6 c.c.) was treated with bromine (1 c.c.) for 2 days 
at room temperature. The solution, which no longer reduced Fehling’s solution, was freed 
from excess of the bromine by aeration, neutralised with silver oxide, filtered before and after 
treatment with hydrogen sulphide, and evaporated to dryness under reduced pressure, giving 
a syrup, which was purified by extraction with ether. The 2: 4: 5-tvimethyl 3 : 6-anhydro- 
galactonic acid (0-4 g.) was a mobile liquid which had [a]}" + 64°. The substance reacted acid 
to Congo paper [Found : equiv., 215 (by direct titration with n/50-sodium hydroxide); OMe, 
40-5. C,H,,O, requires equiv., 220; OMe, 42-2%]. 

Methyl 2:4: 5-Tvrimethyl 3: 6-A nhydrogalactonate (XX).—When a solution of 2:4: 5- 
trimethyl 3 : 6-anhydrogalactonic acid (0-35 g.) in methyl alcohol (2 c.c.) was treated with 
excess of an ethereal solution of diazomethane, esterification rapidly ensued, and on removal 
of the solvent there was obtained methyl 2: 4: 5-trimethyl 3 : 6-anhydrogalactonate as a colour- 
less liquid, b. p. (bath temp.) 115°/0-03 mm., n}%" 1-4480, [a]}?" + 67° in water (c, 1-1). Yield, 
0-31 g. [Found: equiv., 230 (by heating with n/50-sodium hydroxide); OMe, 52-1. Cy, 9H,,0, 
requires equiv., 234; OMe, 530%]. By heating with barium hydroxide one methoxyl group 
is eliminated with the formation of a barium salt (Found: OMe, 38-0. Calc. for loss of one 
methoxyl group: OMe, 39-8%) (see Haworth, Hirst, and Smith, J., 1934, 1556). 

This ester failed to give either a crystalline amide or a methylamide. The brucine salt of 














[1940] The Properties of 3: 6-Anhydrogalactose. 629 — 


2:4: 5-trimethyl galactonic acid was prepared from the ester as follows. A solution of methyl 
2:4: 5-trimethyl 3: 6-anhydrogalactonate (0-11 g.) in 0-1N-sodium hydroxide (5-0 c.c.) was 
heated for 1 hour at 60°; 0-1N-sulphuric acid (5-0 c.c.) was then added, and the solution 
evaporated to dryness. Extraction of the residue with acetone gave 2: 4: 5-trimethyl 3 : 6- 
anhydrogalactonic acid (yield, almost quantitative). To a solution of this acid in acetone 
(2 c.c.) the calculated amount of brucine (1 mol.) was added. More acetone (2 c.c.) was then 
added, followed by ether and light petroleum until a faint turbidity was produced. On cooling, 
the brucine salt separated in needles, m. p. 114°, [a]p ca. — 3° in water (c, 3-0), after recrystal- 
lisation from ethyl acetate (Found: OMe, 24-0; N, 4°7. C3,H,,O,)N, requires OMe, 25-2; 
N, 45%). 

Synthesis of 3 : 6-Anhydro-B-methylgalactopyranoside (VII).—Method A. 6-Tosyl galactose, 
prepared according to the directions of Ohle and Thiel (Ber., 1933, 66, 528), had m. p. 128°, 
[a]}** + 46° in pyridine (c, 2-0). Toa solution of 6-tosyl galactose (14-5 g.) in pyridine (75 c.c.) 
cooled to — 10°, acetic anhydride (20 c.c.) was slowly added with stirring. The acetylation 
mixture was kept for 12 hours at 0° and then poured into water, giving a syrup; this was 
freed from pyridine, most of it by trituration with water. and the last traces by washing a 
chloroform solution of the acetate several times with 3n-sulphuric acid. The chloroform 
solution was then washed with sodium bicarbonate solution and with water, dried over anhydrous 
magnesium sulphate, and filtered. Removal of the solvent under diminished pressure gave a 
syrup, which was dissolved in a small volume of methyl alcohol and left at room temperature 
for 12 hours, crystallisation then appearing to be complete. After a second recrystallisaton 
from methyl alcohol the 6-tosyl tetra-acetyl galactose had m. p. 107°, [a]p + 42° in chloroform 
(c, 1-3); yield, 16-0 g. (Ohle and Thiel, Joc. cit., record m. p. 127°, [a]p + 9°3° in chloroform 
for the $-form and m. p. 147°, [«]p + 16-1° in chloroform for the a-form) (Found: C, 50-3; 
H, 5-3; S, 6-55. Calc. for C,,H,,0,,.S: C, 50-2; H, 5-2; S, 6-4%). 

6-Tosyl tetra-acetyl galactose (3 g.) was treated for 2} hours at room temperature with a 
saturated solution of hydrogen bromide in glacial acetic acid (12 c.c., saturated at 0°). The 
tosyl acetate quickly dissolved, giving a pale yellow viscous liquid from which no crystalline 
material separated. The pale yellow liquid was diluted with ether (50 c.c.) and poured into 
ice-water with stirring, and the aqueous layer separated immediately. From the ethereal 
layer crystals separated; these were filtered off, washed with ether, and dried [yield, 1-3 g.; 
m. p. 149° (decomp.)]. Benzene (40 c.c.) was added to the ethereal mother-liquors and the 
solution was washed three times with water, dried over anhydrous magnesium sulphate, and 
filtered. Removal of the solvent from the filtrate yielded more of the acetobromo-compound, 
which, when crystallised from benzene-ether-light petroleum, had m. p. 148° (decomp.) (yield, 
1-7 g.). After recrystallisation from ethyl alcohol the 6-tosyl a-acetobromogalactose had 
m. p. 149° (decomp.), [«]?" + 165° in chloroform (c, 0-9) (Found: C, 43-8; H, 4-7; S, 6-0; 
Br, 14:3. Calc. for C,,H,,0,,SBr: C, 43-6; H, 4-2; S, 5-8; Br, 145%). 

A solution of 6-tosyl «-acetobromogalactose (12-9 g.) in dry methyl alcohol (300 c.c.) was 
shaken with an excess of dry silver carbonate for 12 hours. The solution was filtered and 
evaporated under reduced pressure, giving 6-tosyl 2 : 3 : 4-triacetyl 8-methylgalactoside, which 
did not crystallise. It had [a]}~* ca. 2-5° in chloroform (c, 1-0) (Found: OMe, 6-8. C, ,H,,0,,S 
requires OMe, 6-6%). 

To a solution of the 6-tosyl 2 : 3 : 4-triacetyl 6-methylgalactoside, obtained in the previous 
experiment, in dry methyl alcohol (200 c.c.) there was added a small amount of sodium (ca. 
20 mg.) (see Zemplén and Pacsu, Bey., 1929, 62, 1613). Deacetylation proceeded smoothly and 
after 36 hours the solution was evaporated to dryness, giving crystalline 6-tosyl 6-methylgalacto- 
pyranoside, m. p. 137°, [a], ca. — 3-5° in pyridine (c, 0-8) (after crystallisation from acetone— 
ether-light petroleum or from ethyl alcohol-light petroleum). Yield, 7 g. (Found: C, 48-6; 
H, 5-9; OMe, 8-8; S, 9-1. C,,4H,,0,S requires C, 48-3; H, 5-25; OMe, 8-9; S, 9-2%). 

A solution of 6-tosyl 8-methylgalactoside (4-1 g.) in ethyl alcohol (50 c.c.) was heated under 
reflux for 2 hours with n-sodium hydroxide (13 c.c.; calc. for 1 equiv., 11-8c.c.). The solution 
was neutralised with carbon dioxide and evaporated to dryness under reduced pressure. The 
residue was exhaustively extracted with acetone and on removal of the solvent there was 
obtained a quantitative yield of 3 : 6-anhydvo-B-methylgalactopyranoside, m. p. 119°, [a}}® — 115° 
in water (c, 1-0) (after crystallisation from ethyl acetate) (Found: C, 48-0; H, 6-85; OMe, 
17-65. C,H,,0, requires C, 47-7; H, 6-9; OMe, 17-6%). 

Method B. A Carius tube containing well-powdered, dry a-penta-acetyl galactose (5 g.) 
was cooled in liquid air, and dry hydrogen bromide admitted. After about 15 c.c. of liquid 
hydrogen bromide had collected and solidified, thé tube was sealed off and left at room 
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temperature for 8 hours. The reaction mixture was then cooled in liquid air and when the con- 
tents of the tube had solidified the tube was opened. On keeping at room temperature the 
hydrogen bromide melted and most of it volatilised, leaving a reddish syrupy residue which 
still contained hydrogen bromide. A solution of the syrup in chloroform (100 c.c.) was quickly 
washed with ice-cold water (twice) and with sodium bicarbonate solution (once) and then with 
water (once). After the chloroform solution had been dried over anhydrous magnesium 
sulphate, it was filtered, and evaporated under reduced pressure, giving 1 : 6-acetodibromo- 
galactose (cf. Schlubach and Wagenitz, Ber., 1932, 65, 304). The product did not crystallise 
when kept for 2 hours and hence it was converted into 2: 3: 4-triacetyl -methylgalactoside 
6-bromohydrin as follows. A solution of the syrupy 1: 6-acetodibromogalactose (11 g.) in 
dry methyl alcohol (200 c.c.) was shaken for 3 hours with an excess of silver carbonate. The 
solution was filtered and evaporated to dryness under diminished pressure, giving 2:3: 4- 
triacetyl B-methylgalactopyranoside 6-bromohydrin (8-0 g.), m. p. 94° (after recrystallisation 
from ethyl alcohol or aqueous alcohol) (Found: OMe, 8-0. Calc. for C,;H,,O,Br: OMe, 
81%). 

To a solution of 2: 3: 4-triacetyl 6-methylgalactoside 6-bromohydrin (4 g.) in dry methyl 
alcohol (100 c.c.), sodium (15 mg.) was added. After keeping overnight, the deacetylation was 
complete and removal of the solvent under diminished pressure gave B-methylgalactopyranoside 
6-bromohydrin (VI), m. p. 106° after sintering at 75° (after recrystallisation from dioxan). 
The substance appeared to contain dioxan of crystallisation and after drying under reduced 
pressure over phosphoric oxide it had [a]? + 11° in water (c, 1-3) (Found: C, 36-1; H, 6-0; 
OMe, 15-7; Br, 25-2. C,H,,0;Br,4C,H,O, requires C, 35-8; H, 5°7; OMe, 15-4; Br, 26-6. 
C,H,,0,Br requires C, 32-7; H, 5-1; OMe, 12-05; Br, 31-1%). 

A solution of 8-methylgalactoside 6-bromohydrin (1-0 g.) in water (10 c.c.) was warmed for 
1 hour at 80° with n-sodium hydroxide (10 c.c.). The solution was cooled, neutralised with 
carbon dioxide, and evaporated to dryness under reduced pressure. The 3: 6-anhydro-f- 
methylgalactoside was extracted from the residue with a mixture of ethyl acetate and ethyl 
alcohol (1:1) and on removal of the solvent the product crystallised spontaneously (yield, 
almost quantitative). In order to remove a small amount of impurity which could not be 
eliminated by crystallisation the substance was distilled, b. p. (bath temp.) 190°/0-07 mm., 
m. p. 119° alone or in admixture with a specimen previously prepared from 6-tosyl 6-methyl- 
galactoside (see above). [a]? — 114° in water (c, 0-5) (after recrystallisation from ethyl 
acetate). 

Complete methylation of 3: 6-anhydro-f-methylgalactopyranoside prepared by each of 
the methods (A and B), by three treatments with Purdie’s reagents, yielded 2 : 4-dimethyl 
3 : 6-anhydro-8-methylgalactopyranoside (in the first Purdie methylation sufficient acetone 
was added to the methyl iodide to dissolve the 3: 6-anhydro-f-methylgalactoside). The 
product had m. p. 83°, [a]}®° — 76° in water (c, 1:0). No depression of the m. p. was observed 
when it was mixed with 2: 4-dimethyl 3 : 6-anhydro-$-methylgalactoside prepared from the 
dimethyl 3 : 6-anhydro-«-methylgalactoside or from the 2: 4-dimethyl 3 : 6-anhydrogalactose 
dimethylacetal by the methods previously described. 

Preparation of 3:6-Anhydrogalactose Dimethylacetal (XV).—({a) From 3: 6-anhydro-a- 
methylgalactoside. Toa solution of 3 : 6-anhydro-a-methylgalactoside (5-2 g.) in methyl alcohol 
(90 c.c.) which showed [a], + 90°, was added methyl alcohol (10 c.c.) containing hydrogen 
chloride (0-8 g.). The solution had [a], + 55-2° (after 2 mins.), + 60° (6 mins.), + 57° (40 
mins.) (constant for 174 hours). After neutralisation of the mineral acid with silver carbonate 
followed by removal of the solvent, 3 : 6-anhydrogalactose dimethylacetal was obtained as a 
liquid, [«]}* + 36-5° in water (c, 0-9). The product did not reduce Fehling’s solution even on 
prolonged boiling (Found: OMe, 29-0. C,H,,O, requires OMe, 29-8%). 

(b) From 3: 6-anhydvo-B-methylgalactoside. To a solution of 3: 6-anhydro-$-methyl- 
galactoside (0-333 g.) in methyl alcohol (8-5 c.c.) which showed [a]}” — 114°, was added 5-4% 
methyl-alcoholic hydrogen chloride (1-5 c.c.); the solution showed [a], — 58° (after 3 mins.) ; 
— 39° (4 mins.), — 16° (6 mins.), — 6° (7 mins.), + 8° (9 mins.), + 14° (10 mins.), + 27° 
(13 mins.), + 33° (15 mins.), + 43° (20 mins.), + 50° (27 mins.), + 52° (30 mins.), + 54° 
(35 mins.), + 55° (40 mins.), + 57° (50 mins.), + 57-5° (120 mins.), + 58° (180 mins.) (constant 
for 12 hours). After neutralisation of the hydrogen chloride with silver carbonate, followed 
by removal of the solvent under reduced pressure, 3 : 6-anhydrogalactose dimethylacetal was 
obtained as a liquid, [«]}* + 34° in water (c, 1-2) (Found: OMe, 285%). 

A solution of the 3: 6-anhydrogalactose dimethylacetal (0-6 g.) in 0-In-sulphuric acid 
showed [a]}" + 35°5°; no change in rotation took place when the solution was kept at room 
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temperature for 12 hours and the solution neither reduced boiling Fehling’s solution nor restored 
the colour to Schiff’s reagent. When the solution was heated on the boiling water-bath, 
hydrolysis was complete in 2} hours and the solution had [a], + 22° (prolonged heating causes 
decomposition). The solution ([«]) + 22°) reduced Fehling’s solution and restored the colour 
to Schiff’s reagent. After neutralisation of the sulphuric acid with barium carbonate the 
solution was evaporated to dryness under reduced pressure to give 3 : 6-anhydrogalactose as 
a glass (0-4 g.), [a]p + 24° in water (c, 1-0). The anhydro-sugar readily reduced Fehling’s 
solution and quickly restored the colour to Schiff’s reagent (Found : OMe, nil). 

When a solution of the 3 : 6-anhydrogalactose (0-2 g.) in 30% aqueous acetic acid (3-0 c.c.) 
was heated for 2 hours at 75—80° with phenylhydrazine (0-45 g.), 3: 6-anhydrogalactose- 
phenylosazone was obtained as a pale yellow crystalline solid, which was filtered off, washed 
with dilute acetic acid, water, and methyl alcohol, and dried, m. p. and mixed m. p. 216°. 
The osazone showed no appreciable rotation in pyridine (c, 1-2) (Found: N, 16-8. Calc. for 
CygH,03N,: N, 16-5%). 

A solution of 3 : 6-anhydrogalactose dimethylacetal (0-1 g.) in pyridine (1-5 c.c.) was treated 
with p-nitrobenzoyl chloride (0-3 g.) for 3 days at room temperature; the pasty mass was 
triturated several times with a saturated solution of potassium bicarbonate and then with 
water and dried. The crude product was dissolved in ethyl acetate, and ethyl alcohol added, 
giving a small precipitate which was rejected; to the ethyl acetate-ethyl alcohol solution a 
little ether and also a little light petroleum were added, giving a further small precipitate 
which was also rejected. After addition of more light petroleum, the solution was left at 
room temperature; there then separated the crystalline 2: 4 : 5-tvi-p-nitrobenzoyl 3 : 6-anhydro- 
galactose dimethylacetal, m. p. 112° (after further recrystallisation from ether—acetone—light 
petroleum), insoluble in water and light petroleum, sparingly soluble in ethyl alcohol, and 
soluble in methyl alcohol, acetone, ethyl acetate, and benzene (Found: C, 53:2; H, 3-9; 
OMe, 9-2; N, 6-6. C,,H,,0,;N requires C, 53-2; H, 3-9; OMe, 9-5; N, 64%). 

Complete methylation of the 3 : 6-anhydrogalactose dimethylacetal with Purdie’s reagents 
afforded 2:4: 5-trimethyl 3: 6-anhydrogalactose dimethylacetal, a colourless liquid, b. p. 
(bath temp.) 120°/0-02 mm., mi%° 1-4430, [a]i® + 37° in water (c, 1-0) (Found: OMe, 62-1%). 
When a solution of this product in 0-01N-sulphuric acid was heated on the boiling water-bath 
for 2 hours, hydrolysis took place and the rotation changed from [a], + 36° to + 27°. Neutral- 
isation of the mineral acid, followed by the removal of the solvent, gave 2: 4: 5-trimethyl 
aldehydo 3: 6-anhydrogalactose, a colourless liquid, b. p. (bath temp.) 105°/0-02 mm., nj" 
1-4510, OMe, 45-2%. The product restored the colour to Schifi’s reagent and reduced Fehling’s 
solution actively. 

Hydrolysis of the 3:6-Anhydromethylgalactopyranosides with 0-1N-Sulphuric Acid.—A 
solution of 3 : 6-anhydro-f-methylgalactopyranoside (0-031 g.) in 0-1Nn-sulphuric acid (3-0 c.c.) 
showed [a], — 109° (initial value), — 72° (after 18} hours), — 65° (224 hours), — 29° (424 
hours, + 0° (664 hours), + 15° (94 hours), + 23° (116 hours), + 26° (138 hours, constant 
value). This solution ([a], + 28°) readily reduced Fehling’s solution and restored the colour 
to Schiff’s reagent. To the remainder of the solution containing 3 : 6-anhydrogalactose, 
sodium acetate (0-2 g.),. glacial acetic acid (1-5 c.c.), and phenylhydrazine (0-08 g.) were added ; 
when the mixture was heated for 14 hours at 85°, pale yellow needles of 3 : 6-anhydrogalactose- 
phenylosazone separated which, when purified as above, had m. p. and mixed m. p. 217°. 

A solution of 3: 6-anhydro-a-methylgalactopyranoside (0-05 g.) in 0-ln-sulphuric acid 
(2-5 c.c.) had [a]p + 78° (initial value), + 60° (1 hour), + 46° (2} hours), + 38° (3} hours), 
+ 32° (44 hours), + 29° (5$ hours), + 26-5° (6} hours), + 26° (74 hours), + 24° (12 hours, 
constant value). The solution ([a], + 24-5°) readily reduced hot Fehling’s solution and restored 
the colour to Schiff’s reagent. The solution was then treated with sodium acetate (0-2 g.), 
acetic acid (1 c.c.), and phenylhydrazine (0-1 g.) at 75—80° for 2 hours and there separated 
3 : 6-anhydrogalactosephenylosazone, m. p. 216° after being purified as described above 
(Found: C, 63-7; H, 5-9; N, 16-6. Calc. for C,,H,,O,N,: C, 63-5; H, 5-9; N, 16-5%). 

3 : 6-Anhydvogalactonic Acid (XIV).—A solution of 3 : 6-anhydro-a-methylgalactopyranoside 
(2 g.) in 0-1n-sulphuric acid (25 c.c.) was kept for 2 days at room temperature, neutralised 
with barium carbonate, filtered, and evaporated to a glass (1-8 g.) under reduced pressure. A 
solution of 3 : 6-anhydrogalactose (1-5 g.) in water (20 c.c.) obtained in this way was treated 
with bromine (2 c.c.); an excess of lead carbonate was added and from time to time the reaction 
mixture was shaken. After 12 hours the oxidation was complete; the excess of bromine was 
removed by aeration, the lead bromide filtered off, and the filtrate treated with hydrogen 
sulphide. The filtrate was concentrated to half volume under reduced pressure to remove 
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hydrogen sulphide, neutralised with silver oxide, filtered before and after treatment with 
hydrogen sulphide, and then evaporated to dryness under reduced pressure to give 3: 6- 
anhydrogalactonic acid, [«]?” + 33° in water (c, 1-5). This anhydro-acid reacts acid to Congo 
paper. Treatment of a solution of this acid in acetone (20 c.c.) with an excess of an ethereal 
solution of diazomethane furnished the methyl ester, which was obtained as a syrup on removal 
of the solvent. The product was distilled, b. p. (bath temp.) 160—170°/0-03 mm., nj" 1-4840, 
[a]p + 38° in water (c, 1-6) (Found: OMe, 17-0. C,H,,0, requires OMe, 16-2%). 

Complete methylation of the methyl ester of 3 : 6-anhydrogalactonic acid by three treat- 
ments with Purdie’s reagents afforded methyl 2: 4: 5-trimethyl 3: 6-anhydrogalactonate, 
b. p. 130°/0-08 mm., ni? 1-4490, [a]? + 68° in water (c, 1-1) (Found: OMe, 52-3%). This 
ester was converted, as described previously, into the brucine salt, which had m. p. 114°, 
[a}i?" ca. — 2-5° in water (c, 2-5) (Found: N, 4-7%). 

Crystallographic Data for 2: 4-Dimethyl 3 : 6-Anhydro-B-methylgalactoside.—This substance 
forms monoclinic crystals, elongated parallel to the b axis, and flattened on (001). The dimen- 
sions of the unit cell, which contains two molecules, are approximately a = 9-1, b = 6-6, 
c¢ = 81la.; 8 = 81°. These results show that the substance is unimolecular (density observed 
1-33 g./c.c., whence M = 195; calc., 204). 


The authors are grateful to Mr. W. Costain and Dr. E. G. Cox of this Department for the 
above crystallographic examination. 
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116. Constituents of the Higher Fungi. Part I. The Triterpene 
Acids of Polyporus betulinus F’r. 


By L. C. Cross, C. G. Exiot, I. M. HEILBRon, and E. R. H. JONEs. 


An examination of the birch tree fungus, Polyporus betulinus Fr., has resulted in the 
isolation, after saponification of the extracts, of polyporenic acids A, B and C, all of 
which are probably triterpenoid. Acids A and B appear to be isomeric C,,H,,O, acids, 
and both contain two hydroxyl groups and two ethylenic linkages. Polyporenic acid 


C may be identical with gypsogenin, C,,H,,0,, isolated from Gypsophila and other 
species of Saponaria. 


CHEMICAL studies on the higher fungi have been extensive, the numerous publications of 
Zellner and his co-workers (Monatsh., 1904, 25, 537; 1905, 26,727; 1908, 29, 1171; 1909, 
80, 231, 655; 1911, 32, 133; 1913, 34, 321; 1915, 36, 611; 1917, 38, 319; 1918, 39, 603; 
1920, 41, 443; 1923, 44,9; 1928, 50, 193, 201; 1929, 53—4, 146; 1930, 56, 200; 1933, 62, 
214; 1934, 64,6; 1935, 66, 76) covering a large part of the field in a general survey of the 
constituents. 

In addition to numerous references to the isolation of ergosterol from the higher fungi 
in the works of Zellner, Ratcliffe (Biochem. J., 1937, 31, 240) records the isolation of this 
sterol from Boletus edulis along with another sterol closely resembling spinasterol, and 
King (J., 1922, 121, 1753) and Rosenthal (Monatsh., 1922, 48, 237) isolated ergosterol from 
Amanita muscaria. Sumi (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1933, 20, 254) 
has studied the ‘‘ ergosterol ’’ content, estimated by digitonin precipitation, of the gills 
and stipes of various members of the Basidomycetes. There appears to be little doubt 
that the sterols and other constituents of the non-saponifiable portion of fungal extracts 
form the usual complicated mixture of phytosterols and while the isolation of pure 
fungisterol (C,;H, 0?) has been recorded (Zellner and Zikmunda, Monatsh., 1930, 56, 200; 
Hartmann and Zellner, ibid., 1928, 50, 193) it seems probable that this is not a completely 
homogeneous sterol, but is contaminated with other constituents of the non-saponifiable 
complex. 

As far as we are aware, no well-characterised members of the terpene group, such as the 
triterpene resinols, have been isolated from fungi; there are, however, a number of sub- 
stances described in the literature which might possibly fall into this category. Fréschl 
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and Zellner (Monatsh., 1928, 50, 201) concluded that “lentinol”’ (C,,H,,O,), m. p. 265°, 
which they isolated from Lentinus squamosus Schroet, was a “ resinol.’”” The a- and 6- 
pinicolic acids, m. p. 198—208-5° and 265—271° respectively, obtained by the same authors 
(Monatsh., 1929, 583—4, 146) from Polyporus pinicola Fr. (a fungus parasitic on pine), were 
suggested to be isomeric C,,H,,O, acids; the analytical data are in agreement, however, 
with a formula C,,H;,O3, and in the absence of molecular weight determinations their 
molecular formulz must remain uncertain. In an earlier paper on the constituents of the 
same fungus, Hartmann and Zellner (Monatsh., 1928, 50, 193) describe a number of neutral 
and acidic substances of high melting point, analyses of which suggest sterol and tri- 
terpenoid formule, and it is recorded that one of the “ resin acids,’’ decomp. about 180°, 
gives a red-brown colour with greenish fluorescence with the Liebermann-Burchard reagent 
(cf. polyporenic acid A, qg.v.). From another member of the Polyporacee, Polyporus 
sulfureus L., Zellner and Zikmunda (loc. cit.) isolated a crystalline product, m. p. 265° 
(decomp.), which apparently gave no sterol colour reactions although the analytical data 
suggested a sterol or triterpenoid formula. A similar crystalline substance, m. p. 250°, 
exhibiting no sterol colour reactions (Salkowski and Liebermann—Burchard), is recorded by 
Ellis (Biochem. J., 1918, 12, 173) as being a constituent of Polyporus nigricans, and Sumi 
(Chem. Zentr., 1931, I, 1773) describes the isolation of an alcohol (C,,H,,0), m. p. 245— 
255°, from Cortinellus shiitake. 

Polyporus betulinus Fr., a large white shelf-fungus, parasitic on the birch tree (Betula 
alba) was examined by Zellner (Monatsh., 1913, 34, 331) during the course of his survey. 
He found that a light petroleum extract, after saponification, yielded a sterol mixture, 
m. p. 139—144° (also obtained by Ellis, loc. cit., in an examination of the same fungus), and 
the fatty acids contained a white “ non-acidic’’’ amorphous substance, m. p. about 260° 
(decomp.), readily separable owing to its sparing solubility in alcohol, ether or chloroform. 
With the Liebermann test (acetic anhydride-sulphuric acid) a violet coloration wasobserved, 
and the Salkowski reagent (chloroform-sulphuric acid) produced a strong red coloration. 
From the subsequent ethereal extract, after hydrolysis, an amorphous yellow powder, m. p. 
about 250° (decomp.), was isolated, which Zellner, believing it to be an alcohol, designated 
“ polyporol,” and analyses of this substance indicated the formula (C,H,,O), or better 
C,,H;,0,;. Like the high-melting substance isolated from the light petroleum extract, 
it gave characteristic colour reactions with the Liebermagn and Salkowski reagents and it 
was concluded that they both belonged to the ergosterol or resin alcohol group. 

In commencing a systematic examination of these fungi we have undertaken a re- 
investigation of Polyporus betulinus Fr. After many experiments with a variety of solvents 
we find that the best extraction procedure is to treat the fresh minced fungus, first with 
alcohol in the cold, and subsequently under reflux with a mixture of acetone and ether. 
From the alcoholic extract after saponification, in addition to a mixture of sterols containing 
ergosterol, which is at present being investigated, we have isolated a crystalline acid, 
m. p. 194°, the analytical data for which suggest a formula Cz9H,,0O, or C,,;H,90,, and for 
which we suggest the name folyporenic acid A.* Attempts to isolate acetyl and benzoyl 
derivatives of the acid have been unsuccessful, possibly owing to mixed anhydride form- 
ation, but the acid has been characterised by the preparation of a monomethyl ester, m. p. 
142°, which yields a methyl ester monoacetate, m. p. 112°. A Zerewitinoff determination 
on the methyl ester indicated the presence of two active hydrogen atoms, suggesting that 
the unidentified oxygen atom may be present either as an unreactive hydroxyl group or as a 
readily enolised carbonyl group. Titration of the methyl ester with perbenzoic acid and a 
confirmatory microhydrogenation experiment indicate the presence in the acid of two 
ethylenic linkages; these are not conjugated, since the acid shows no absorption of 
appreciable intensity in the ultra-violet region of the spectrum. It is probable that the 
low melting point of polyporenic acid A is not unconnected with the presence of two 
ethylenic linkages in the molecule, especially since the melting point of the doubly un- 
saturated tetracyclic basseol is considerably lower than that of the fully cyclised 6-amyrenol 

* The name polyporic acid has been given to a hydroxy-quinone pigment present in some of the 
Polyporacee (Kégl, Annalen, 1926, 447, 78) and betulic acid to an oxidation product of betulin which 
has been isolated from the bark of Cornus florida L. (Robertson, Soliman, and Owen, J., 1939, 1267). 
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(Beynon, Heilbron, and Spring, J., 1937, 989), and the marked green fluorescence observed 
in the Liebermann—Burchard test (see experimental) is also exhibited by basseol. 
Preliminary experiments indicate that the acid is unstable towards reagents which are 
effective in cyclising basseol acetate to B-amyreny]l acetate. 

Hydrolysis of the acetone-ether extract yields two further acids, polyporentc acids B and 
C. The former, m. p. 300—310° (decomp.), gave similar analytical figures to those of 
acid A and, like the latter, gave uncrystallisable gums on acetylation or benzoylation, but 
was characterised readily by the preparation of a crystalline monomethyl ester, m. p. 160°, 
on which a Zerewitinoff determination showed the presence of two active hydrogen atoms. 
Both the acid and its methyl ester give yellow colorations with tetranitromethane in 
chloroform solution and on microhydrogenation the ester absorbs two moles of hydrogen. 
Polyporenic acid C, m. p. 270—275°, has not so far been available in sufficient quantity for 
detailed examination, but its methyl ester, m. p. 192—193°, is obviously different from 
those of polyporenic acids A and B, and analysis suggests a formula C,,H,,0, (or C,,;H;,0,) 
for the ester. The melting points of the acid and its ester are practically identical with 
those (273° and 192° respectively) given for gypsogenin (albsapogenin), C,5H,,O, (Karrer, 
Fioroni, Widmer, and Lier, Helv. Chim. Acta, 1924, 7, 781; Ruzicka and Giacomello, 
ibid., 1937, 20, 299; 1936, 19, 1136), and when further quantities of polyporenic acid C are 
available a direct comparison will be made. 

It is thus apparent that these acids isolated from Polyporus betulinus Fr. are comparable 
with a number of well-defined, naturally occurring triterpene acids (Cj9H,,0,). Among 
such are hederagenin and sumaresinolic acid (Ruzicka and Furter, Helv. Chim. Acta, 1932, 
15, 472), chenopodium sapogenin (Dafert et al., Sci. Pharmaceutica, 1934, 5, 84), gleditschia 
sapogenin (Kuwada, J. Pharm. Soc. Japan, 1935, 55, 242), and echinocystic acid 
(Bergsteinsson and Noller, J. Amer. Chem. Soc., 1934, 56, 1403). Further evidence for the 
relationship of the polyporenic acids to the above triterpenes must await the results of 
dehydrogenation experiments, but it is interesting to speculate as to a possible simple 
inter-relationship between the acids of the parasitic fungus and the dihydric triterpene 
alcohol betulin, C,,H;,0,, which forms a major constituent of the bark of the host tree. 
Such a hypothetical relationship, involving the interchange of a methyl and a carboxyl 
group, CO,H = CH, is not novel in the triterpene series, where oleanolic acid (C39H,,0,) 
is related in such a way to $-agyrenol (Cz95H;,O) and ursolic (C395H,,0,) and $-boswellic 
(Cy9H,,O0,) acids are similarly related to a-amyrenol (Ruzicka and Schellenberg, Helv. Chim. 
Acta, 1937, 20, 1553; Goodson, J., 1938, 999; Ruzicka and Wirz, Helv. Chim. Acta, 1939, 
22, 948). The occurrence of betulic acid, an oxidation product of betulin, in which the 
primary carbinol group has been replaced by a carboxyl group, CH,-OH = CO,H, in the 
bark of Cornus florida L. has recently been observed (Robertson, Soliman, and Owen, 
loc. cit.) and Ruzicka and Brenner (Helv. Chim. Acta, 1939, 22, 1523) have succeeded in 
converting betulin into lupeol (C395H;,0) by replacement of the same primary alcohol group 
by a methyl group. 


EXPERIMENTAL. 


The minced fungus (3-4 kg.) was kept under alcohol at room temperature for 3 days; the 
filtered solution on dilution with water then yielded a white flocculent precipitate, which was 
taken up in ether. The aqueous solution was saturated with salt and further extracted, and 
the combined extracts washed and dried. The residual fungus was now heated under reflux 
with a mixture of ether (1500 c.c.) and acetone (1500 c.c.) for 6 hours, and the solution filtered, 
washed with water, and dried. After removal of solvent from the combined ethereal extracts 
the residue, which formed a greasy yellow solid (70 g.), was hydrolysed by heating under reflux 
for 5 hours with potassium hydroxide (75 g.) in methyl alcohol (1500 c.c.); the orange-red 
solution was diluted with water and extracted with ether. This extraction was rendered 
difficult by the presence of large amounts of insoluble potassium salts. Concentration of the 
dried ethereal solution of the non-saponifiable portion gave a residue, from which, by crystallis- 
ation, some impure ergosterol, m. p. 151—153°, was isolated, giving with antimony trichloride 
the characteristic red coloration changing to blue. Light absorption in alcohol : Maxima, 2815, 
2720 a.; E}%, 210 (for pure ergosterol, E}%, about 310). The filtered potassium salts were 
dissolved in hot acetic acid ; on cooling, crude polyporenic acid B (1 g.) separated in an amorphous 
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form, m. p. 295—300°. After cautious addition of water to the hot filtrate a gelatinous 
precipitate of polyporenic acid C separated on cooling, which when dry formed a horny mass 
(2 g.), m. p. about 240°. On further dilution of the mother-liquors with water, crude polyporenic 
acid A separated as a pale yellow solid (15 g.), m. p. 180°. In subsequent experiments the 
alcoholic and ether-acetone extracts were saponified separately, the former yielding mainly 
acid A and the latter acids B and C. 

Polyporenic Acid A.—The acid after several crystallisations from dilute acetic acid, aqueous 
methyl alcohol or acetone, separated in needles, m. p. 194°, readily soluble in cold pyridine, 
moderately easily soluble in alcohol, acetone, ethyl acetate and acetic acid, but sparingly soluble 
in ether, chloroform and benzene. With tetranitromethane in chloroform solution the acid 
gives a yellow coloration, with chloroform and sulphuric acid a red colour with slight green 
fluorescence and with the Liebermann-—Burchard reagent it gives an immediate red coloration 
with brilliant green fluorescence, slowly changing to brown with the fluorescence unimpaired ; 
it gives no colour with antimony trichloride in chloroform solution. [a]? +69° (i = 1,c = 1-0 
in pyridine). For analysis the acid was dried in a high vacuum for 3 hours at 80° [Found : 
C, 76-4, 76-6; H, 10-7, 10-6; M (by titration), 485, 484, 486, 485, 486. C,,H,,O, requires C, 
76-2; H, 102%; M, 472. C,,H,,0O, requires C, 76-5; H, 10-4%; M, 486]. Methyl ester. 
The acid in dry acetone was treated with an excess of diazomethane in ether. After several 
hours the ethereal solution was washed with water and sodium carbonate solution, dried, and 
evaporated, and the crystalline mass taken up in methyl alcohol. Cautious addition of water 
and cooling gave the estey in needles, which after two further crystallisations had the constant 
m. p. 142°. It is readily soluble in most organic solvents, and gives with the Liebermann-— 
Burchard test a pinkish-violet coloration. [a]? +177° (1 = 1, c = 3-0 in chloroform). For 
analysis the ester was dried in a high vacuum for 3 hours at 80° (Found: C, 76-6; H, 10-7. 
C3,H,,O0, requires C, 76-5; H, 10-4%. (C,,H,,0, requires C, 76-7; H, 10°5%). Active hydrogen 
determination (Zerewitinoff) : The ester (6-291 mg.) evolved 0-65 c.c. of methane at 763 mm. and 
18°, equivalent to 2-1 active hydrogen atoms per mole. Quantitative microhydrogenation : 
6-621 mg. of the ester required 0-62 c.c. of hydrogen at 766 mm. and 19° (after heating to 95°), 
corresponding to 1-9 double bonds. 

The methyl ester (150 mg.) was set aside at 0° with a solution of perbenzoic acid in chloroform 
(20 c.c.; 0-2n). At intervals samples of the solution-were titrated against 0-1Nn-sodium thio- 
sulphate, all measurements being standardised against a blank consisting of the same volume of 
perbenzoic acid in chloroform. After 48 and again after 90 hours it was found that 1 mole of 
methyl ester had absorbed 2-04 atoms of oxygen. 

Hydrolysis of the ester (200 mg.) with methyl-alcoholic potassium hydroxide (25 c.c.; 5%) 
by heating on the steam-bath for 3 hours yielded, after extraction of the diluted alkaline solution 
with ether, unchanged ester (110 mg.). Acidification of the aqueous portion with acetic acid, 
isolation by means of ether, and crystallisation from aqueous acetone gave polyporenic acid A 
(75 mg.), m. p. 190—191°, alone and mixed with authentic material. 

Methyl ester acetate. The ester (100 mg.) was heated on the steam-bath for 4 hours with 
pyridine (1 c.c.) and acetic anhydride (1 c.c.); the mixture was then poured into water, and the 
acetate isolated by means of ether. Three crystallisations from aqueous methyl alcohol gave 
the methyl ester acetate in needles, m. p. 112°, [«]?” +88° (J = 1, c = 1-2 in chloroform). For 
analysis it was dried in a high vacuum at 60° for 3 hours (Found: C, 75-0; H, 9-85. C,,H,,0, 
requires C, 74-9; H,9-9%. C,,H,,O, requires C, 75-2; H, 10-0%). 

Polyporenic Acid B.—This acid usually separates from dilute alcohol in a gelatinous form, 
but it can be crystallised from either acetone or acetic acid, separating from the latter solvent 
in an asbestos-like mass, m. p. 300—310° (decomp.). After drying in a high vacuum at 100° for 
12 hours the acid melts at 275—280°, but recovers the original m. p. after solution in alcoholic 
alkali and precipitation with acid. The acid is very soluble in cold pyridine, sparingly soluble in 
alcohol, acetone, and ethyl acetate, and practically insoluble in ether, benzene, and chloroform. 
It gives a yellow coloration with tetranitromethane and an orange coloration with chloroform 
and sulphuric acid; with the Liebermann—Burchard reagent a violet colour is produced. For 
analysis the acid was dried in a high vacuum at 100° for 12 hours (Found: C, 76-3; H, 10-2; 
M, 470, 474, 488. C,9H,,O, requires C, 76-2; H, 10:2%; M, 472. C,,H,,O0, requires C, 
76-5; H, 10-4%; M, 486). Methyl ester. This was prepared with diazomethane in dry acetone 
solution, and crystallised first from acetone and finally from aqueous methyl alcohol, separating 
in needles, m. p. 160° after softening at 165°. For analysis the ester was dried in a high vacuum 
at 80° for 3 hours (Found: C, 76-7; H, 10-4. C,,H,,O, requires C, 76-5; H,10-4%. C,,H,,0, 
requires C, 76-7; H, 10-56%). Active hydrogen determination : The ester (4-587 mg.) evolved 
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0-46 c.c. of methane at 17° and 752 mm., equivalent to 2-03 active hydrogen atoms per mole. 
Quantitative microhydrogenation : 3-50 Mg. of the ester required 0-34 c.c. of hydrogen at 767 mm. 
and 17° (after heating to 95°), corresponding to 2-0 double bonds. 

Polyporenic Acid C.—This acid, which has not yet been obtained analytically pure, separates 
from aqueous alcohol or dilute acetic acid in microscopic crystals, m. p. about 263—266°; this 
can be raised to 270—275° by solution of the acid in hot alcoholic potassium hydroxide and 
precipitation with dilute hydrochloric acid. With chloroform and sulphuric acid, the acid gives 
an orange lower layer, with acetic anhydride and sulphuric acid a blue-violet coloration is 
produced, and with the Liebermann—Burchard reagent a reddish-violet colour, which rapidly 
fades, is observed. Methyl ester. The ester, prepared in the usual manner, crystallises from 
aqueous methyl alcohol in needles or thick prisms, m. p. 192—193° after softening at 189°. 
For analysis the ester was dried in a high vacuum at 80° for 3 hours (Found: C, 76-6, 76-5; 
H, 9-8, 9-7. Cs,H,,O, requires C, 76-8; H, 100%. C3,H59O, requires C, 76-5; H, 10-4%). 
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117. The Production of Polycyclic Aromatic Types through the 
cycloDehydration of Unsaturated Ketones. 


By W. S. Rapson and R. G. SHUTTLEWORTH. 


Condensation products of o-methyl aromatic aldehydes with various cyclic ketones 
have been submitted to the action of dehydrating agents. When dehydration was 
effected, the usual product was a methylfluorene derivative, where this was possible ; 
and it was only when the free ortho-position was blocked that dehydration occurred 
between the methyl group and the ketonic group. No convenient method for the 
preparation of 2-methyl-A!-cyclohexenealdehyde, which was required for the study of 
the dehydration of its condensation products with various ketones, has been found, but 
the preparation of «$-unsaturated cyclic aldehydes has been explored. A further 
extension of the problem has involved a preliminary study of the condensation of 
crotonaldehyde with certain ketones. 


In spite of the poor yields of products obtained by means of it in many cases, the Elbs 
reaction has been extensively used in recent years in the production of polycyclic aromatic 
structures. It seemed possible that the cyclodehydration of structures such as (I) might, 
if it occurred between the methyl and the ketonic group, offer a useful variation of this 
synthesis. Analogous dehydrations of aliphatic types have been frequently recorded, and 
at least one such dehydration, that of 2: 2’-dimethyl-1 : 1’-dianthraquinonyl to yield 
pyranthrone (Scholl, Ber., 1910, 43, 346), has been exploited. 

Dehydration of (I, R = H) did not yield (II, R = H), but with phosphoric oxide a 
hydrocarbon C,,H,, was isolated which gave a ketone C,,H,,0 on oxidation with chromic 
acid. It is presumably 8-methyl-3 : 4-benzfluorene (III), since 2-benzylidene-«-tetralone 
yielded 3:4-benzfluorene itself under analogous conditions. These dehydrations are 
similar to those recorded by Cook, Dansi, Hewett, Mayneord, Iball, and Roe (J., 1935, 
1323). in which 2-naphthylmethyl- and 3-phenanthrylmethyl-cyclohexanones yielded 
fluorene derivatives. Attempts to dehydrate simpler structures such as 2-0-tolylidene- 
cyclohexanone and o-tolylideneacetophenone (Weygand and Schachter, Ber., 1935, 68, 
231) met with failure, an experience paralleled by that of Cook e¢ al. (loc. cit.) with simpler 
structures of the type studied by them. 

Dehydration involving the methyl group was effected in the case of 2-(2’: 4’ : 6’- 
trimethylbenzylidene)-a-tetralone (I, R = Me), which gave a 34% yield of hydrocarbons, 
CyoH,,, formulated as 5: 7-dimethyl-x : x'-dihydro-1 : 2-benzanthracenes, of which (II, 
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R = Me) is possibly one. 2-(2’: 4’ : 6’-Trimethylbenzylidene)-«-hydrindone, however, yielded 
no hydrocarbon with phosphoric oxide. This may be due to the fact that it is structurally 
incapable of enolisation. 
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In view of these results it was desirable to explore the dehydration of substances such as 
([V), in which the methyl group should show increased reactivity; no simple preparation 
of the necessary 2-methyl-A!-cyclohexenealdehyde, however, has been found. The tetra- 
hydro-o-toluonitrile formed by dehydration of the cyanohydrin of 2-methylcyclohexanone 
(Linstead and Millidge, J., 1936, 482, 485) is not reduced by the Stephen method. The 
failure is not due to the steric effect of the methyl group as in o-toluonitrile and seems to be 
common to all cyclic «$-unsaturated nitriles, since A}-cyclohexenenitrile also was not 
reduced by this method. Hydrolysis of tetrahydro-o-toluonitrile produced under all 
conditions a homogeneous acid, which was identical neither with the 2-methyl-A?-cyclo- 
hexenecarboxylic acid described by Perkin (J., 1905, 87, 1068) nor with the 6-methyl-A1- 
cyclohexenecarboxylic acid as described by Mazza and Cremona (Gazzetta, 1927, 57, 318). 
That it is the latter acid, however, is indicated by its degradation with ozone to yield 
a-methyladipic acid. It was readily reduced by the method of Sonn and Muller (Ber., 
1919, 52, 1927) to 6-methyl-A!-cyclohexenealdehyde without any shift occurring in the 
position of the double bond. An attempt to dehydrate its condensation product with 
acetophenone failed. As other possible procedures for the preparation of the desired 
aldehyde were all very long, the preparation of (IV) was abandoned. 

Attention was then directed to the condensation of crotonaldehyde with ketones, the 
products of which might yield aromatic structures on dehydration. No condensation could 
be effected with «-tetralone, the crotonaldehyde undergoing self-condensation. In the case 
of cyclohexanone a complex mixture of products was formed, which contained crotonylidene- 
cyclohexanone, but it was found impossible to separate it. An aldol-like compound 
accompanied it, since cyclohexanone was generated on shaking with dilute alkali solution. 
After hydrogenation of the crude material 2-n-butylcyclohexanol could be separated by 
fractional distillation. The other product of the hydrogenation was a mixture of Cy, 
compounds containing two oxygen atoms in the molecule. Their nature has not been 
ascertained, but exactly similar products were isolated after condensation of crotonaldehyde 
with acetone and with cyclopentanone. It seems likely that the ketones react with the 
crotonaldehyde not only at the carbonyl group, but also at the double bond (cf. Stobbe, 
J. pr. Chem., 1912, 86, 209). 


EXPERIMENTAL. 


a-Tetralone (cf. Hartmann and Seiberth, Helv. Chim. Acta, 1932, 15, 1390).—A slow current 
of air was passed for 3 days through tetralin at 60—80°, a little tin being added as catalyst. The 
peroxide formed was decomposed by the slow addition, with cooling and shaking, of an excess of 
concentrated ferrous sulphate solution. The aqueous layer was separated, and the product 
washed, dried, and distilled. Yield of a-tetralone, 12%. 

2-Benzylidene-a-tetralone.—When a mixture of benzaldehyde (21 g.) and a-tetralone (29 g.) 
was treated with 4% alcoholic potassium hydroxide (200 c.c.), it became warm and crystals were 
deposited almost immediately. After 2 hours the solution was neutralised with acetic acid, 
water added, and the crystals filtered off. The crystals, together with some material derived 
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from an ethereal extraction of the filtrate, gave 2-benzylidene-a-tetralone on distillation, b. p. 
210—212°/2 mm., which crystallised from alcohol in light yellow rhombohedra (40 g.), m. p. 
105° (Found : C, 87-0; H, 6-0. C,,H,,O requires C, 87-2; H, 60%). 

2-Benzylidene-«-tetralone (25 g.) was dissolved in xylene and refluxed for 15 hours with 
successive portions of phosphoric oxide. After decantation the xylene was evaporated, and the 
residue distilled in a vacuum. The distillate (7 g.), on treatment with alcoholic picric acid, 
slowly formed a picrate, m. p. 130—131°, from which on decomposition with aqueous ammonia 
a hydrocarbon (0-4 g.), m. p. 124—125°, was obtained. Cook and co-workers (loc. cit.) give 
m. p.'124—125° and 130—131° for 3 : 4-benzfluorene and its picrate respectively. 

2-0-T olylidene-u-tetvalone (I, R = H).—o-Tolualdehyde (12 g.), «-tetralone (14 g.), and 4% 
alcoholic potassium hydroxide (100 c.c.) were mixed and after 2 hours 2-0-tolylidene-a-tetralone 
(20 g.) was obtained, b. p. 213°/2 mm. It crystallised from aqueous alcohol in light yellow 
needles, m. p. 68° (Found : C, 86-7; H, 6-6. C,,H,,O requires C, 87-1; H, 65%). 

8-Methyl-3 : 4-benzfluorene.—The above product (20 g.) was dissolved in xylene (100 c.c.) and 
refluxed with phosphoric oxide for 20 hours, the oxide being renewed at intervals. The xylene 
solution was decanted, the xylene evaporated, and the residue distilled in a vacuum. The 
distillate (9 g.) was treated with picric acid in absolute alcohol and the picrate formed was 
filtered off. The material obtained from the mother-liquor after removal of the picric acid was 
again treated with phosphoric oxide, and in this way a total of 10 g. of picrate was obtained. 
This picrate was recrystallised from ethyl alcohol, separating in red needles, m. p. 127—-128° 
(Found: C, 62-8; H, 3-7. C,gH,,C,H,;O,N; requires C, 62-8; H, 3-7%). Decomposition of 
this material with aqueous ammonia yielded the hydrocarbon (5 g.), which crystallised from 
alcohol in colourless plates, m. p. 104—105°, b. p. 203°/2 mm. (Found: C, 93-7; H, 5-8. C,,H,, 
requires C, 93-9; H,6-1%). Thesame hydrocarbon was obtained by the use of sodamide as con- 
densing agent. It was left (0-5 g.) with sodium dichromate (1 g.) in acetic acid (20 c.c.) for } hour, 
and the mixture then diluted with water. The solid obtained was washed with alkali solution 
and recrystallised from alcohol, from which it separated in orange needles, m. p. 139-5—140-5°. 
It is formulated as 8-methyl-3 : 4-benzfluorenone (III) (Found: C, 88-2; H, 5-2. C,,H,,0 
requires C, 88-5; H, 49%). 

Condensation of 0-Tolualdehyde with cycloHexanone.—o-Tolualdehyde (9-5 g.) and cyclo- 
hexanone (8-5 g.) were suspended in 4% aqueous potassium hydroxide solution (100 c.c.) and 
refluxed for 2-5 hours (cf. Poggi and Guastalla, Gazzetta, 1931, 61, 405; Vorlander and Kunze, 
Ber., 1926, 59, 2078). The products, worked up in the usual way, were separated by vacuum 
distillation. 2-0-Tolylidenecyclohexanone (11-3 g.) boiled at 151—154°/4 mm. and crystallised 
on standing; recrystallised from light petroleum, it formed slightly yellow, elongated plates, 
m. p. 66—67° (Found: C, 83-8; H, 8-0. C,,H,,O requires C, 84:0; H, 8-0%), very soluble in 
most organic solvents. The residue in the flask was identified as 2 : 6-di-o-tolylidenecyclo- 
hexanone : it formed the main product when the reaction was carried out in alcoholic medium. 
It crystallised from alcohol in yellow plates, m. p. 138—139° (Found: C, 87-2; H, 7-3. C,,H,,O 
requires C, 87-4; H, 7-3%). Unsuccessful attempts were made to dehydrate the former of these 
products by prolonged boiling, by the action of sodamide, and by the action of phosphoric oxide. 

2-(2’ : 4’ : 6’-Trimethylbenzylidene)-a-tetralone.—Mesitylaldehyde (18 g.; Hinkel, Ayling, and 
Beynon, J., 1936, 342) and a-tetralone (18 g.) were left with 4% alcoholic potassium hydroxide 
(100 c.c.) for 3 hours. The product was isolated by ether extraction, and the residue left after 
evaporation of the ether was distilled up to 150°/15 mm. to remove unchanged materials and then 
crystallised from aqueous alcohol, from which it separated in colourless rhombohedra (28-5 g.), 
m. p. 92—92-5° (Found : C, 86-9; H, 7-2. C, 9H,,O requires C, 86-9; H, 7-2%). 

Dehydration of 2-(2' : 4’ : 6’-Trimethylbenzylidene)-a-tetralone.—The above substance (10 g.) 
was refluxed in xylene solution with successive portions of phosphoric oxide for 24 hours. After 
the usual treatment (see above) the distillate (4-5 g.) was converted into the picrate (5 g.), 
which crystallised from benzene in red needles, m. p. 190—191° (Found: C, 64-3; H, 4:5. 
Cy9H,5,C,H,O,N, requires C, 64:1; H, 43%). Decomposition of the picrate yielded a hydro- 
carbon, presumably a 5 : 7-dimethyl-x : x'-dihydro-1 ; 2-benzanthracene (2-5 g.), which crystallised 
in colourless rhombohedra, m. p. 146—147°, from glacial acetic acid (Found: C, 92-9; H, 7-0. 
C,9H,, requires C, 93-0; H, 7-0%). 

Concentration of the mother-liquor from the crystallisation of the above picrate yielded two 
isomeric picrates. One of these decomposed during recrystallisation, yielding a second hydro- 
carbon (0-6 g.), also formulated as a 5: 7-dimethyl-x : x'-dihydro-1 : 2-benzanthracene, which, 
recrystallised from absolute alcohol, formed colourless rhombohedra, m. p. 114° (Found: C, 
92-7; H, 7-2%). The other picrate was stable, separating from absolute alcohol in red needles, 





— wcIe4 ees oe co) 


Aes DD &, 


go ore © 


mm €4 © 4 4 4 TI eet OD 4 SA wD BAO ke Oo 


— — kd om ott Ph ket het lUrrlC kh lCUrrF 


ii _ ae ge le a 


= 


1 
i 


o-G@Etr es Fae es ee: Oe ee ee od 


+ & 


\ 4 


we 
- 


[1940] Types through the cycloDehydration of Unsaturated Ketones. 639 


m. p. 165°: there was not sufficient of it available for analysis. On decomposition it yielded a 
third hydrocarbon (0-1 g.), which crystallised from absolute alcohol in colourless plates, m. p. 
115-5—116-5°. It showed marked depression of m. p. with the other two hydrocarbons and is 
probably a third 5 : 7-dimethyl-x : x'-dihydro-1 : 2-benzanthracene (Found: C, 92:7; H, 7-2%). 
The total yield of purified hydrocarbons isolated was 3-2 g. or 34%. All showed a faint blue 
fluorescence in solution. 

The hydrocarbon, m. p. 146—147°, was subjected to the action of selenium. Reaction was 
difficult to control, as the substance sublimed away from the selenium, but a small yield of a 
substance was obtained, which crystallised from acetic acid and had m. p. 120—121° (Found : 
H, 6:4. Calc. for C,H,,: H, 63%. An accident to the carbon dioxide absorbing vessel 
vitiated the carbon value). This substance is formulated as 5 : 7-dimethyl-1 : 2-benzanthracene. 

2-(2’ : 4’ : 6'-Trimethylbenzylidene)-a-hydrindone.—This was prepared from mesitylaldehyde 
and a-hydrindone inthe usual way. Itcrystallised from aqueous alcohol in prisms of rectangular 
outline, m. p. 93-5—94-5°, which turned bright yellow on exposure to light (Found: C, 86-9; 
H, 7-0. C,,H,,O requires C, 87-0; H, 6-9%). Several attempts were made to effect the elimin- 
ation of water from this substance without success; extensive polymerisation always occurred 
as in other dehydration experiments, but no hydrocarbon product could be isolated. 

6-Methyl-A'-cyclohexenecarboxylic Acid.—This was best obtained from the tetrahydro-o- 
toluonitrile of Linstead and Millidge (loc. cit.) by hydrolysis with 95% phosphoric acid (cf. 
Berger and Olivier, Rec. Tyav. chim., 1927, 46, 600). The nitrile (25 g.) was heated for 6—8 
hours at 120—130° with 95% phosphoric acid (100c.c.). After dilution with water, the mixture 
was extracted with ether, and the acidic fraction separated by shaking with sodium carbonate 
solution. From the alkaline extracts the above acid, m. p. 105-5°, was obtained in 60—70% 
yield on acidification (Found: C, 68-4; H, 8-3. C,H,,O, requires C, 68-6; H, 8-6%). It 
crystallised in colourless needles from water or aqueous alcohol. When a drop of bromine was 
added to this acid (1-2 g.) in chloroform (10 c.c.), the solution still retained its colour after 3 hours. 
It could be recovered unchanged after boiling with alkali solution. Repeated attempts to 
obtain homogeneous degradation products from this acid with potassium permanganate failed. 
The acid (3 g.) was therefore dissolved in water, the solution made faintly alkaline, and ozonised 
oxygen passed through it. The ice-cooled solution was then treated with n/10-potassium 
permanganate till a faint pink coloration was obtained, a stream of carbon dioxide being passed 
during the addition. The manganese dioxide was dissolved by the addition of sodium bisulphite, 
and the solution concentrated, acidified, and thoroughly extracted withether. From the extracts 
a-methyladipic acid was obtained, its identity being proved by mixed m. p. determination with 
an authentic specimen. Price (J. Amer. Chem. Soc., 1939, 61, 1847) has reported failure to 
obtain a-methyladipic acid on permanganate oxidation of 1-methyl-A*-cyclohexene. 

Hydrolysis of the nitrile with sulphuric acid of various strengths gave yields less than that 
obtained by the above method. Hydrolysis with alcoholic potash proceeded very slowly. The 
nitrile (5 g.) was added to a solution of potassium hydroxide (7 g.) in the minimum quantity of 
water, and alcohol added till the mixture was homogeneous. After boiling for 9 days, two 
products were isolated : an acid amide forming colourless plates, m. p. 128°, from alcohol—light 
petroleum (Found: C,.69-0; H, 9-2. C,H,,ON requires C, 69-1; H, 9-3%), and an acidic 
substance, m. p. 105-5°, identical with that described above. With shorter reaction periods the 
yield of acid diminished, and after 24 hours none could be isolated. In the latter case, however, 
the amide isolated had m. p. 146° (Found: C, 68-8; H, 9-3. C,H,,ON requires C, 69-0; H, 
9-2%), and was accompanied by a very sparingly soluble material melting above 300° (Found : 
N, 9-7. C,gH,,ON requires N, 10°1%). This substance is perhaps a polymerised form of one of 
the isomeric amides described above. As it was insoluble in camphor and most organic solvents, 
no molecular weight determination could be made. 

6-Methyl-A'-cyclohexenealdehyde.—The acid chloride (8 g.), b. p. 92°/12 mm., obtained by the 
action of thionyl chloride on 6-methyl-A!-cyclohexenecarboxylic acid was dissolved in benzene 
(25 c.c.), and to the ice-cooled solution a mixture of aniline (15 g.) and chloroform (100 c.c.) was 
added. By evaporation of the washed and dried reaction mixture, the corresponding anilide 
was obtained (12 g.). It crystallised in needles, m. p. 106-5—107-5°, from light petroleum (Found : 
C, 78:3; H, 7-6. C,H,,ON requires C, 78-1; H, 79%). The reaction between this anilide 
(10 g.) and phosphorus pentachloride (10 g.) in dry toluene (50 c.c.) was completed on the water- 
bath at 100°, and to the syrup obtained by evaporating the toluene and the phosphorus oxy- 
chloride a solution of stannous chloride (25 g.) in ethereal hydrogen chloride (100 c.c.) was 
added. Crystals separated, and after 2 hours the reaction mixture was distilled with steam. 
From the ethereal portion of the distillate the above aldehyde (3-5 g.; 60%) was isolated, 
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b. p. 66—68°/10 mm., “171-4898. Its semicarbazone was recrystallised from aqueous alcohol and 
had m. p. 207—-209° (Found: C, 60-1; H, 85. C,H,,ON, requires C, 59-7; H, 8-3%). 
Its 2: 4-dinitrophenylhydrazone, m. p. 179°, was recrystallised from the same solvent (Found : 
N, 18-3. C,,H,,O,N, requires N, 18-4%). Shaken with an ammoniacal solution of silver nitrate, 
the above aldehyde gave 6-methyl-A!-cyclohexenecarboxylic acid. 

Condensation of Crotonaldehyde with cycloHexanone.—After trial experiments the following 
procedure was adopted—with more active condensing agents self-condensation of the croton- 
aldehyde tended to take place to the exclusion of its condensation with the ketone. Redistilled 
technical crotonaldehyde (100 c.c.), cyclohexanone (300 c.c.), and alcohol (300 c.c.) were mixed, 
1% potassium hydroxide solution (400 c.c.) added, and the flask securely corked and left for 
3—4 hours with occasional shaking. The temperature of the reaction mixture was kept below 
30° throughout. After neutralisation with acetic acid, the products were isolated by dilution 
with water and extraction with ether. The residue left on evaporation of the extracts was 
worked up by vacuum distillation, the main product being a fraction, b. p. 140—155°/14 mm. 
The resinous residue appeared to undergo considerable decomposition at higher temperatures. 
Separation of this main product into its components was not possible, owing to the small boiling 
range and the tendency of part of the material to polymerise on prolonged distillation. The 
lower-boiling fractions from it, however, were markedly more refractive than the later fractions 
and yielded a semicarbazone which rapidly turned yellow on exposure to air. This semi- 
carbazone sintered at 187° and gave a meniscus at 191°, and is probably the semicarbazone of 
crotonylidenecyclohexanone, though the analytical figures indicate that in all probability 
autoxidation had occurred before the material was analysed (Found for material exposed to air : 
C, 51-7; H, 7:3; N, 15-8. C,,H,,ON; + H,O + O, requires C, 51-3; H, 7-4; N, 163%). 
The highest-boiling fractions gave none of this semicarbazone. 

The crude product was dissolved in methyl alcohol, a palladium-strontium carbonate catalyst 
added, and the whole shaken with hydrogen at 1-5—2 atms. The product of the reaction was 
fractionally distilled, and the following fractions isolated: (a) b. p. 45°/9 mm., identified as 
cyclohexanol by its oxidation to adipic acid and its lack of ketonic properties; (b) b. p. 90—100°' 
9mm. Thison redistillation gave 2-n-butylcyclohexanol, b. p. 95°/9 mm., 7° 1-4711, which wa’ 
identified by its oxidation with chromic acid to 2-n-butylcyclohexanone, which has been char- 
acterised by Weizmann, Bergmann, and Haskelberg (Chem. and Ind., 1937, 56, 587). (c) A 
fraction, b. p. 146—153°/17 mm., which constituted the bulk of the material. This was a 
mixture, since on further fractionation it yielded fractions of different refractive index (Found : 
C, 70:1; H, 10-1. C, .H,,O, requires C, 71-4; H,9-5%. Cy 9H,,O0, requires C, 70-6; H, 10-6%. 
Cy9H.,O, requires C, 69-8; H, 11-6%). Repeated attempts to characterise and identify the 
constituents of this fraction failed. 

Condensation of Crotonaldehyde with cycloPentanone.—The nature of the product obtained 
was found to vary considerably with the conditions used. Crotonaldehyde (10 c.c.), cyclo- 
pentanone (30 c.c.), alcohol (30 c.c.), and 1% potassium hydroxide solution (20 c.c.) yielded a 
partially solid product under the conditions described in the case of cyclohexanone. The oily 
material was washed away by organic solvents on the filter, and a residue of a light yellow to 
brown resin (5-5 g.) was left, very similar in physical characteristics to the product of the reaction 
between ethylene dichloride and sodium polysulphide. A portion of this was purified by re- 
peated boiling with organic solvents, in which it was insoluble. The light yellow product from 
its analysis would appear to be derived from the crotonaldehyde by polymerisation [Found : 
C, 69-1, 68-8; H, 8-3, 8-1. (C,H,O), requires C, 68-6; H, 86%]. With decreasing amounts of 
alkali, the yield of this resin fell rapidly, and when one quarter of the amount specified above was 
used no resin could be isolated. The product of the reaction under these conditions was distilled 
and yielded first cyclopentanone (7-5 g.), and then a fraction (6 g.), b. p. 115—135°/10 mm. A 
residue of high-boiling material remained. The product, b. p. 115—135°/10 mm., could not be 
separated into its components, and in trial fractionations, a semicarbazone, m. p. 215—216° 
(decomp.), could be isolated from all fractions of the distillate (Found: C, 62-6; H, 7-5. 
C,9H,,ON; requires C, 62-2; H, 78%). This substance, which turned yellow on exposure to air 
and light, crystallised in needles from aqueous alcohol; its analytical figures correspond with 
those of the semicarbazone of crotonylidenecyclopentanone. 

In an attempt to characterise the other products of the reaction, the material (45 g.) was 
hydrogenated as described above. From the hydrogenation mixture two distinct fractions were 
obtained on distillation. A fraction (16 g.), b. p. 89°/10 mm., n?° 1-4568, was identified as 
2-n-butylcyclopentanone by comparison of its semicarbazone with a synthetic specimen. 
a-n-Butyladipic acid, prepared by hydrolysis of ethyl 3-n-butylcyclopentan-2-one-l-carboxylate, 
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crystallised from benzene-—light petroleum, on ice-cooling, in colourless prisms, m. p. 59-5° 
(Found: C, 59-4; H, 9-0. Cy, 9H,,0, requires C, 59-4; H, 8-9%). Ondistillation from a flask 
containing a small amount of barium oxide this acid yielded 2-n-butylcyclopentanone (yield, 71%). 
Its semicaybazone separated from aqueous alcohol in needles, m. p. 185—-186° (Found : C, 61-1; 
H, 9-6. Cy 9H, ,ON, requires C, 60-9; H, 9-6%), identical with the semicarbazone mentioned 
above. A second fraction (18 g.), b. p. 127—135°/10 mm., was obviously a mixture, and pre- 
sented the same difficulties with regard to its separation into its constituents as the corresponding 
product from cyclohexanone. Analytical data indicated that it was approximately C,H,,O,. 

Condensation of Crotonaldehyde with Acetone.—A mixture of acetone (600 c.c.) and croton- 
aldehyde (100 c.c.) was neutralised to phenolphthalein, and 1% potassium hydroxide solution 
(170 c.c.) added with cooling. After 1-5—2 hours the mixture was neutralised with acetic acid, 
the acetone distilled off, and the residue extracted with ether. Distillation of the product so 
obtained yielded a fraction (50 g.), b. p. 66—77°/15 mm., and a residue of resin. Fractionation 
of the distillate effected only its partial separation, though a fraction, b. p. 74—75°/15 mm., n}°° 
1-5210, so obtained was chiefly crotonylideneacetone, since it gave a semicarbazone, which 
separated in white plates, m. p. 164—166°, from aqueous alcohol (Found: C, 57-4; H, 7-7. 
C,H,,;ON, requires C, 57-5; H, 7°8%). The crystals gradually turned yellow on standing. 
Attempts to obtain toluene by dehydration of this fraction failed. In an attempt to elucidate 
the nature of the other products formed, the crude material (50 g.) was hydrogenated, and the 
product fractionally distilled. Methyl n-amyl ketone (20 g.), b. p. 50°/15 mm., was identified 
as one product of the reduction; the other product was a liquid, b. p. 61—63°/15.mm., ni 
1-4253, which gave no reaction with ketonic reagents and analyses for which were inconclusive. 
It definitely contained two reactive hydrogen atoms, however [Found : C, 62-8, 63-4; H, 10-7, 
10-9 (different samples); reactive H (Zerewitinow), 1-47. Calc. for C,H,,O, (2 reactive H’s) : 
C, 64-6; H, 10-8; reactive H, 154%. Calc. forC,H,,0,: C, 63-6; H, 12-1; reactive H, 1-51%). 


One of the authors (R. G. S.) acknowledges with gratitude the tenure of a University Research 
Scholarship during the above investigation. 
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418. The Reaction between Dibenzyl Disulphide and Sulphuryl 
Chloride. 


By G. H. Extiotr and J. B. SPEAKMAN. 


The action of sulphuryl chloride on a simple disulphide, Ph-CH,*S-S-CH,Ph,” has 
been investigated in order to provide by analogy an explanation of the action of 
sulphuryl chloride in imparting an unshrinkable finish to wool. In absence of water, 
the reaction follows a simple course, benzyl chloride and sulphur dioxide being the 
main products, although sulphur is liberated when the ratio of sulphuryl chloride to 
disulphide is not excessive. Fission of the same type may also occur in presence of 
water, but some disulphide is oxidised to the disulphoxide, which then undergoes 
fission in reaction with more sulphuryl chloride. In this case, therefore, the products 
include benzylsulphonyl chloride, as well as benzyl chloride and sulphur dioxide. 
Whether or not water is present, however, disulphide bond breakdown takes place, and 
it seems probable that sulphuryl chloride, like chlorine, renders wool unshrinkable by 
rupturing the cystine linkages between the peptide chains of the fibres. Support for 
this view is to be found in the fact that thionyl chloride, which is unsuitable for use in 
making wool unshrinkable, has no significant action on either dibenzyl disulphide or 
dibenzyl disulphoxide at low temperatures. 


PRESENT-DAY methods of imparting an unshrinkable finish to wool depend for their success 
on the formation of a gelatinous degradation product of keratin on or under the surface 
scale structure of the fibres. As a rule, the necessary degradation is brought about by 
chlorine, the layer of cortex immediately underlying the scales being attacked preferenti- 
ally when an aqueous solution of chlorine is used (Speakman and Goodings, J. Text. Inst., 
1926, 17, 1607). The attack may, however, be restricted to the surface of the fibres by 
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taking advantage of the inaccessibility of dry fibres to reagents of comparatively low 
molecular weight (Speakman, Trans. Faraday Soc., 1930, 26, 61), as, for example, in the 
processes where gaseous chlorine (Wool Industries Research Association, King, and Galley, 
B.P. 417,719) or solutions of chlorine in inert organic solvents are applied to wool of low 
water content. 

From first principles, it is evident that the degradation essential for unshrinkability 
must be realised by the fission of disulphide bonds or peptide linkages, the former being 
the more important. Apart from the fact that chlorine is known to cause disulphide 
bond breakdown (Zincke, Ber., 1911, 44, 769; Amnalen, 1912, 391, 55; Douglass and 
Johnson, J. Amer. Chem. Soc., 1938, 60, 1486), proof of this generalisation is afforded by the 
fact that chlorine peroxide, which converts cystine into cysteic acid (Schmidt and Brauns- 
dorf, Ber., 1922, 55, 1529; Schmidt, Haag, and Sperling, Ber., 1925, 58, 1934), imparts an 
unshrinkable finish to wool when applied from solution in carbon tetrachloride. Further, 
since potassium permanganate, manganese heptoxide and Caro’s acid can, under the 
correct conditions, be used to impart an unshrinkable finish to wool, it seems clear that 
any oxidising agent capable of causing disulphide bond breakdown is ipso facto a potential 
agent for producing unshrinkability (Speakman, Nilssen, and Elliott, Nature, 1938, 142, 
1035). 

Hall (J. Soc. Dyers and Col., 1939, 55, 389; B.P. 464,503) has shown that wool is 
rendered-unshrinkable by treatment with a solution of sulphuryl chloride in white spirit, 
but the cause of unshrinkability was not explained. By analogy with the behaviour 
of other reagents which serve the same purpose, however, it seemed probable that sulphuryl 
chloride would be found capable of causing disulphide bond breakdown. Its action on a 
simple disulphide was therefore investigated.* Although cystine, because of its presence 
in wool, may be regarded as the ideal disulphide for use in such experiments, dibenzyl 
disulphide was preferred on account of its ready solubility in organic solvents and its 
freedom from amino-groups. It has the further merit that the disulphide bond, as in 
cystine and wool, is situated between methylene groups. 

According to Hall, the extent to which sulphuryl chloride minimises the felting power 
of wool depends to a marked extent on its water content : whereas wet wool is rendered 
unshrinkable by treatment with a 2-25% solution of sulphuryl chloride in white spirit 
for 1 hour at room temperature, dry wool is capable of marked shrinkage after similar 
treatment. It is not clear, however, whether the water, which seems to be essential for 
the success of the process, takes part in the reactions responsible for unshrinkability, or 
serves merely to swell the fibres and increase their accessibility to the reagent. In order 
to discriminate between these alternatives, the reaction between dibenzyl disulphide and 
sulphuryl chloride has been studied in presence and in absence of water. 

The Reaction between Dibenzyl Disulphide and Sulphuryl Chloride in Presence of Water.— 
With undried ether (d 0-717) as the solvent, sulphuryl chloride was found to react slowly 
with dibenzyl disulphide at room temperature, but fairly complete reaction was realised in 
1 hour at the temperature of boiling ether. Under these experimental conditions, the 
effect of varying the proportion of sulphuryl chloride was investigated. With one mol. 
of reagent (to one of disulphide), about half the disulphide was unchanged, and the 
remainder oxidised to dibenzyl disulphoxide. Although these features of the reaction 
are expressed by the equation : 


Ph-CH,*S‘S-CH,Ph + 2S0,Cl, —> Ph-CH,’SO,*S°CH,Ph + 2SOCI, 


thionyl chloride could not be detected among the products. This first indication that 
sulphuryl chloride is not directly responsible for oxidation of the disulphide was afterwards 
confirmed by showing that the disulphoxide is not formed in absence of water. Even in 
presence of water, the disulphoxide was not isolated when higher ratios of sulphuryl chloride 
were used. With 2-1, 3-1, 4-0 and 5-6 mols., benzyl chloride was the main product of 


* Since the preparation of this paper, our attention has been drawn to the fact that Behaghel and 
Seibert (Ber., 1933, 66, 708) have utilised the reaction between sulphuryl chloride and aromatic di- 
selenides to prepare arylselenium chlorides. In a footnote to the paper (p. 709) it is stated that aryl- 
sulphur chlorides can be made from aromatic disulphides in the same way. 
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reaction, but in the last case, 0-14 mol. of benzylsulphonyl chloride was also isolated. A 
still smaller amount of the sulphonyl chloride was obtained when 11-6 mols. of sulphuryl 
chloride were used. 

If the first stage in the reaction between dibenzyl disulphide and sulphuryl chloride is 
the formation of dibenzyl disulphoxide, the latter should undergo fission in reaction with 
sulphuryl chloride to give benzyl chloride and benzylsulphonyl chloride, which are the 
compounds formed when dibenzyl disulphide is treated with excess of sulphuryl chloride. 
Although little reaction took place between dibenzyl disulphoxide and one mol. of sulphuryl 
chloride in 5 hours at 37°, 2-2 mols. gave a yield of 0-76 mol. of benzylsulphonyl chloride. 
As in the case of the disulphide, the use of a still higher ratio (3-2 mols.) resulted in a 
decrease in the yield of benzylsulphonyl chloride (0-63 mol.), benzyl chloride being a main 
product of reaction. Despite the general similarity of their behaviour, the disulphoxide 
differs from the disulphide in giving a greater yield of benzylsulphony]l chloride, suggesting 
that the disulphide may undergo fission without, as well as after, conversion into the 
disulphoxide. Support for this view is to be found in later experiments. 

Although dibenzyldisulphone was not isolated in any of the preceding experiments, 
consideration was given to the possibility that it might be formed as an unstable inter- 
mediate. Attempts were made to synthesise the compound with a view to studying its 
behaviour in reaction with sulphuryl chloride. So far as we have been able to discover, no 
a-disulphones have been prepared with the sulphur atoms between methylene groups, but 
aryl a-disulphones have been synthesised by Kohler and MacDonald (Amer. Chem. J., 
1899, 22, 219), using the reaction between a sodium arylsulphinate and an arylsulphonyl 
chloride; and by Hilditch (J., 1908, 93, 1524), using the controlled oxidation of an aryl- 
sulphinic acid. Attempts to prepare dibenzyldisulphone by these methods met with 
complete failure, dibenzylsulphone and dibenzyl, respectively, being obtained. Dibenzyl- 
sulphone was also isolated during an attempt to prepare the disulphone by oxidation of the 
disulphoxide. Unlike aryl a-disuJphones, therefore, dibenzyldisulphone appears to be 
unstable. Evidence that the formation of a disulphone is not an essential step in the 
reaction between disulphides and sulphuryl chloride was, however, obtained from 
experiments with di-f-tolyldisulphone, which is readily synthesised. Although the 
corresponding disulphide gave an appreciable quantity of #-chlorotoluene when refiuxed 
for 1 hour with an ethereal solution of sulphuryl chloride (5-9 mols.), the disulphone was 
recovered unchanged after being heated for 3 hours at 58—60° with sulphuryl chloride 
(17-3 mols.) dissolved in benzene. 

Finally, since benzyl chloride and benzylsulphonyl chloride are formed when either 
dibenzyl disulphide or dibenzyl disulphoxide is allowed to react with sulphuryl chloride, 
sulphur dioxide should be liberated. Its formation was demonstrated by carrying out the 
reactions in a stream of oxygen-free nitrogen, absorbing the volatile products in caustic 
soda solution, and titrating them against standard iodine solution. The amount of 
sulphur dioxide evolved was found to increase with the amount of sulphuryl chloride 
used, up to 7 mols. being liberated in the case of the disulphide, and 5-4 mols. with the 
disulphoxide. If benzyl chloride and sulphur dioxide are the ultimate products in both 
cases, the minimum theoretical yield of sulphur dioxide is 3 mols.—2 from the disulphide 
or disulphoxide and 1 from sulphuryl chloride—but higher yields are inevitable if the 
sulphuryl chloride acts, directly or indirectly, as an oxidising agent. 

The Reaction between Dibenzyl Disulphide and Sulphuryl Chloride in Absence of Water.— 
In striking contrast with their behaviour in undried solvents, dibenzyl disulphide and 
sulphuryl chloride (1 mol.), after being heated together for 1 hour at 37—39° in sodium- 
dried ether or sodium-dried benzene, gave an oily product from which dibenzyl disulph- 
oxide could not be isolated, even after the addition of water. Unlike arylsulphur chlorides, 
too, the oil did not react with acetophenone to give compounds of the type R-S*CH,*COPh 
(Zincke, Ber., 1911, 44, 769). Either benzylsulphur chloride is not formed, or complex 
reactions succeed its formation, when dibenzyl disulphide reacts with sulphuryl chloride 
in absence of water, and it is obvious that water plays an essential part in the formation 
of dibenzyl disulphoxide when undried solvents are used. In confirmation of this 
deduction, the disulphoxide was again isolated when dibenzyl disulphide and sulphuryl 
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chloride were allowed to react in presence of sodium-dried ether to which known amounts 
of water had been added. With 1 mol. of sulphuryl chloride, 0-16 and 0-24 mol. of dibenzyl 
disulphoxide were obtained in presence of 1 and 2 mols. of water, respectively. 

When higher proportions of sulphuryl chloride (3-6 and 4-0 mols.) were allowed to react 
with the disulphide in dry benzene at 37—39° for 3 hours, both free sulphur and benzyl 
chloride were isolated, suggesting that one of the reactions between dibenzyl disulphide and 
sulphuryl chloride, in absence of water, is as follows : 


Ph-CH,*S‘S-CH,Ph + SO,Cl, —> 2Ph-CH,Cl + 50, + 2S 


By carrying out the reaction in a stream of oxygen-free nitrogen, the amount of sulphur 
dioxide evolved, when 2-5 mols. of sulphuryl chloride were used, was found to be 1-24 mols. 
Benzyl chloride was the main product with still greater amounts of sulphuryl chloride 
(7-5 and 11-0 mols.), but free sulphur could not be detected. 

Although dibenzyl disulphoxide is not formed when dibenzyl disulphide reacts with 
sulphuryl chloride in absence of water, the behaviour of the disulphoxide with sulphuryl 
chloride in dry benzene was examined. 6-3 Mols. of sulphuryl chloride being used, 0-9 mol. 
of benzyl chloride was obtained after 1 hour’s reaction at 37—39°. 

The Reaction between Dibenzyl Disulphide and Thionyl Chloride in Presence of Water.— 
Unlike sulphuryl chloride, thionyl chloride is unsuitable for use in imparting an unshrink- 
able finish to wool, and if the earlier argument concerning the cause of unshrinkability is 
correct, thionyl chloride should be incapable of causing disulphide bond breakdown. 

Undried ether, or dry ether to which a known amount of water had been added, being 
used, thionyl chloride (1-0, 5-2, and 10-4 mols.) was found to be without significant action 
on dibenzyl disulphide in 1—3 hours at 37—39°. Similarly, it was without effect on 
dibenzyl disulphoxide under similar conditions. In certain of the experiments with both 
the disulphide and the disulphoxide, the volatile products were carried over into caustic 
soda solution in a stream of oxygen-free nitrogen, and determinations of chlorine and 
sulphur dioxide showed that almost all the thionyl chloride was unaltered at the end of the 
reaction period. 

Discussion. 


When benzyithiol is treated with chlorine in presence of water (Douglass and Johnson, 
loc. cit.), the products include dibenzyl disulphide, dibenzyl disulphoxide and benzyl- 
sulphonyl chloride. Similarly, when sulphuryl chloride reacts with dibenzyl disulphide 
in presence of water, dibenzyl disulphoxide and benzylsulphonyl chloride are formed, 
although benzyl chloride is the chief ultimate product. This similarity between chlorine 
and sulphuryl chloride, as regards their attack on a simple disulphide, is such as to suggest 
that sulphuryl chloride acts simply as a source of chlorine, which oxidises the disulphide 
to the disulphoxide in presence of water. Direct oxidation may not take place, and the 
following alternative scheme is based on the work of Otto (Ber., 1886, 19, 1235) and v. Braun 
and Weissbach (Ber., 1930, 63, 2836) : 


Ph’CH,°S:S-CH,Ph + SO,Cl, —> 2Ph-CH,°SCl + SO, 
In presence of water, the sulphur chloride is hydrolysed : 
2Ph-CH,°SCl + 2H,O —> 2Ph’CH,°S‘OH + 2HCI 
and the sulphenic acid is converted into benzylthiol and the sulphinic acid : 
2Ph-CH,°S‘OH —> Ph:CH,°SH + Ph-CH,°SO,H 


These products would react with more sulphenic acid to give dibenzyl disulphide and 


dibenzyl disulphoxide, respectively, and the complete reaction may be summarised in 
the equation : 


2Ph-CH,’S’S:CH,Ph + 2S0,Cl, + at —> Ph’CH,°S‘S:CH,Ph + 
Ph-CH,: SO, S CH,Ph + 2H,O + 4HCl + 2S0, 


Left in this form, the equation indicates that, in agreement with the experimental findings, 
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half the disulphide remains unchanged and the remainder is oxidised to the disulphoxide 
with evolution of sulphur dioxide, when dibenzyl disulphide reacts with an equimolecular 
proportion of sulphuryl chloride in presence of water. The above scheme has the further 
merit of indicating why dibenzyl disulphoxide is not formed when the disulphide is treated 
with sulphuryl chloride in absence of water. 

Since the disulphoxide gives benzyl chloride and benzylsulphonyl chloride in reaction 
with sulphuryl chloride, the further course of the reaction may be written : 


Ph-CH,*SO,°S‘CH,Ph + SO,Cl, —> Ph-CH,'SO,Cl + Ph-CH,Cl + S + SO, 


The formation of dibenzyl disulphoxide is not, however, an essential preliminary to 
disulphide bond breakdown. When the disulphide is treated with sulphuryl chloride in 
absence of water, the main products are benzyl chloride and sulphur dioxide, despite the 
fact that dibenzyl disulphoxide is not formed. Since sulphur is also liberated when the 


amount of sulphuryl chloride is not excessive, the second type of reaction which the 
disulphide can undergo may be written : 


Ph-CH,'S‘S:CH,Ph + SO,Cl, —> 2Ph-CH,Cl + SO, + 2S 


Except under conditions of absolute dryness,; both the above types of reaction will proceed 
side by side, the first being favoured by the presence of water and a low ratio of sulphuryl 
chloride; the second by absence of water and a high ratio of sulphuryl chloride. 

Although the reaction follows different courses in presence and in absence of water, the 
main end-products are the same in both cases. In practice, however, the presence of water 
in wool facilitates the action of sulphuryl chloride in promoting unshrinkability. Di- 
sulphide bond breakdown may, of course, proceed more rapidly when there is intermediate 
formation of the disulphoxide, but it seems likely that water facilitates the action of 
sulphuryl chloride by swelling the fibres and making them more accessible to the reagent. 

Indirect support for the view that sulphuryl chloride, like chlorine, promotes 
unshrinkability by causing disulphide bond breakdown is afforded by the fact that thionyl 
chloride, which is unsuitable for use in making wool unshrinkable, has no action on 


dibenzyl disulphide and dibenzyl disulphoxide at low temperatures. 


EXPERIMENTAL. 


(a) Preparation of Materials.—Dibenzyl disulphide (m. p. 72°), prepared by the method of 
Price and Twiss (J., 1909, 95, 1489; 1914, 105, 1140), was oxidised with hydrogen peroxide 
(Smythe, J., 1912, 101, 2076) to dibenzyl disulphoxide (m. p. 108°). Benzylsulphonyl chloride 
(m. p. 93°) was prepared by a slight modification of Limpricht’s method (Ber., 1873, 6, 534). 

Di-p-tolyl disulphide. p-Tolylthiol was dissolved in the theoretical amount of n-sodium 
hydroxide and treated at room temperature with a 5% excess of hydrogen peroxide. The 
disulphide (yield, 85%) had m. p. 45° after recrystallisation from alcohol. 

Di-p-tolyldisulphone. -Toluenesulphinic acid (Bloomstrand, Ber., 1870, 3, 965) was treated 
with an equivalent quantity of p-toluenesulphony! chloride under the conditions described 
by Kohler and MacDonald (loc. cit.). The crude disulphone (yield, 55%; m. p. 202—206°) 
was recrystallised from benzene and gave rhombic crystals, m. p. 221—222°. 

Action of Sulphuryl Chloride on Dibenzyl Disulphide in Presence of Water.—(i) Dibenzyl 
disulphide (4-92 g.) was dissolved in undried ether (100 c.c.), sulphuryl chloride (2-7 g.; 1-0 mol.) 
added, the ether removed in a vacuum after 1 hour and water added to the residue. The bulk 
of the organic material crystallised after 1 hour, giving 4-14 g., m. p. 62—64°, and a further 
0-76 g., m. p. 57—61°. Mixed m. p. determinations showed that these products were impure 
disulphide. 

(ii) A mixture of dibenzyl disulphide (6-32 g.), sulphuryl chloride (3-5 g.; 1-0 mol.), and 
undried ether (100 c.c.) was boiled under reflux for 1 hour. Afterwards, 75% of the ether was 
allowed to boil away, and the crystals (2-79 g., m. p. 104—105°) which separated were filtered 
off. The filtrate was again concentrated, but the solid which then separated (3-66 g., m. p. 
65—66°) was impure disulphide. Under similar conditions, a second experiment with dibenzyl 
disulphide (6-04 g.) and sulphuryl chloride (3-6 g.; 1-1 mols.) gave 3-92 g. of a product, m. p. 
97—100°, and 2-45 g. of impure disulphide, m. p. 65—67°. In a third experiment, dibenzyl 
disulphide (2-00 g.) and sulphuryl chloride (1-3 g.; 1-2 mols.) were dissolved in undried benzene 





646 Elliott and Speakman: The Reaction between 


(40 c.c.) and heated for 1 hour at 37—39°. The benzene was then evaporated in a stream of 
nitrogen at the same temperature, and the product was separated by the addition of ether 
into 0-84 g., m. p. 92—97°, and 1-49 g. of an oily solid, which smelt of benzyl chloride. After 
being drained on a porous tile, 0-76 g. of impure disulphide (m. p. 57—60°) was recovered. 

The fraction of higher m. p. in each of the preceding experiments was found to be dibenzyl 
disulphoxide, m. p. 108° after recrystallisation from benzene—light petroleum, not depressed by 
authentic material (Found: C, 60-5; H, 4:8; S, 23-3. Calc.: C, 60-4; H, 5-0; S, 23-0%). 

A fourth experiment was carried out to discover whether thionyl chloride is formed during 
the oxidation of the disulphide to the disulphoxide. Dibenzyl disulphide (11-40 g.), sulphury] 
chloride (6-3 g.; 1-0 mol.), and sodium-dried ether (60 c.c.) to which water (0-85 g.; 1 mol.) 
had been added, were heated at 37—39° for 1 hour, the liquid then being evaporated under 
reduced pressure (15 mm.) via a small tube of phosphoric oxide. The distillation products were 
collected in a small flask cooled by solid carbon dioxide—acetone, and then fractionated slowly 
until 4—5c.c. remained. On treatment with p-phenylenediamine hydrochloride (Michaelis, Ber., 
1893, 26, 2192; Annalen, 1893, 274, 250), followed by filtration and evaporation, this residue 
did not give the golden-yellow needles, m.p. 115°, obtained in experiments with p-phenylene- 
diamine and thionyl chloride. In fact, nothing remained after evaporation, showing that 
thionyl chloride was not formed. Similar results were obtained in an experiment with dry benzene 
as the solvent. 

(iii) Dibenzyl disulphide (1-00 g.), sulphuryl chloride (1-1 g.; 2-1 mols.), and undried ether 
(50 c.c.) were boiled under reflux for 1 hour. The solution was concentrated to 10 c.c. and 
exposed to caustic soda in a vacuum, but crystallisation did not occur. The product was a 
pale yellow oil (1-09 g.) with a strong smell of benzyl chloride. 

(iv) Dibenzyl disulphide (7-11 g.), sulphuryl chloride (12-1 g.; 3-1 mols.), and undried ether 
(50 c.c.) were refluxed for 1 hour. The subsequent procedure was exactly as under (iii) and 
8-47 g. of a yellow oil, smelling strongly of benzyl chloride, were obtained. The oil deposited 
a little solid on standing. 

(v) Dibenzyl disulphide (6-04 g.), sulphuryl chloride (13-2 g.; 4-0 mols.), and undried ether 
(100 c.c.) were refluxed for lhour. After evaporation of the ether, water was added. One hour 
later, the organic product was extracted with ether, and the ethereal solution was washed with 
water and sodium bicarbonate solution before being dried over anhydrous sodium sulphate. 
Ether was then removed by evaporation; the product (7-15 g.) gave on distillation a colourless 
oil (3-2 g., b. p. 180°) which resembled benzyl chloride. Some sulphur dioxide was evolved 
during distillation. The oily distillate contained carbon, hydrogen, and chlorine, and was 
identified as benzyl chloride by oxidation to benzoic acid (m. p. 120°) with potassium per- 
manganate, as well as by the preparation of benzyl 3 : 5-dinitrobenzoate (m. p. 113°). 

(vi) Dibenzyl disulphide (6-04 g.) and sulphuryl chloride (18-5 g.; 5-6 mols.) were refluxed 
with undried ether for 1 hour, and then treated in exactly the same manner as under (v), except 
that the oil obtained by concentrating the dry ethereal extract was not distilled. Colourless, 
crystalline plates separated on standing (0-66 g.), leaving an oil (5-58 g.) which was mainly 
benzyl chloride. The crystals contained carbon, hydrogen, chlorine and sulphur, decomposed 
on heating to form sulphur dioxide and benzyl chloride, and were identical with benzylsulphonyl 
chloride, m. p. 93°. Benzylsulphonamide prepared from the crystals was identical with 
authentic material, m. p. 102°. . 

(vii) Dibenzyl disulphicie (2-35 g.), sulphuryl chloride (15-0 g.; 11-6 mols.), and undried 
ether (60 c.c.) were refluxed for 1 hour, the liquid then being concentrated to 10 c.c. The 
product was washed with dilute sodium carbonate solution, taken up in ether, dried over 
anhydrous sodium sulphate, and then freed from ether by evaporation. With a view to 
estimating the amount of benzylsulphony] chloride in the product, it was heated in a stream of 
oxygen-free nitrogen for 90 minutes at 150—160°. The nitrogen stream was maintained during 
subsequent cooling (30 minutes) and the sulphur dioxide formed by decomposition of the 
sulphonyl chloridé was thus carried into a wash-bottle containing excess of n/5-iodine, which 
was subsequently back-titrated with n/10-sodium thiosulphate. Blank experiments with 
benzylsulphonyl chloride showed that under the above conditions, 98-6% of the theoretical 
amount of sulphur dioxide is evolved and estimated. In the case under consideration, the 
amount of sulphur dioxide evolved from the product was only 0-025 mol. (per mol. of disulphide), 
so the product was almost entirely benzyl chloride. 

Action of Sulphuryl Chloride on Dibenzyl Disulphoxide in Presence of Water.—(i) Dibenzyl 
disulphoxide (1-00 g.), sulphuryl chloride (0-60 g.; 1-2 mols.), and undried ether (60 c.c.) were 
refluxed for 5 hours, and the volume then reduced to 10 c.c. by evaporation. After exposure 
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to caustic soda in a vacuum, the product (1-10 g.), which contained a trace of benzyl chloride, 
was drained on a porous tile and gave 0-97 g. of crystals, m. p. 104—106°. 

Dibenzyl disulphoxide (0-85 g.), sulphuryl chloride (0-44 g.; 1-1 mols.), and undried benzene 
(40 c.c.) were heated at 37—-39° for 2 hours and then for 8 hours in a stream of nitrogen. After 
exposure to caustic soda in a vacuum, the product weighed 0-84 g., m. p. 97—104°. 

(ii) Dibenzyl disulphoxide (0-94 g.), sulphuryl chloride (1-0 g.; 2-2 mols.), and undried 
benzene (40 c.c.) were maintained at 37—39° for 1 hour and then during evaporation in a stream 
of nitrogen (12 hours). During exposure to caustic soda in a vacuum, the product (1-07 g.) 
crystallised and was separated into two parts by trituration with three lots of 0-4 c.c. of light 
petroleum. A solid fraction (0-57 g.), m.p. 70—77° (mixed m. p. with benzylsulphonyl chloride 
74—-80°), and a liquid fraction (0-35 g.) were obtained. When portions of these two fractions 
were analysed by the method already described (p. 646), the total original reaction product was 
found to contain 0-49 g. (0-76 mol.) of benzylsulphonyl chloride. The remainder (0-58 g.) was 
a mixture of benzyl chloride and dibenzyl disulphoxide. 

(iii) Dibenzyl disulphoxide (1-16 g.), sulphuryl chloride (1-8 g.; 3-2 mols.), and undried 
ether (50 c.c.) were boiled under reflux for 1 hour. After removal of most of the ether, the 
residue was exposed to caustic soda in a vacuum. Crystallisation took place and the product 
(1-45 g.) was separated into two parts by means of 0-5 c.c. of petrol. The crystals were drained 
on a tile (0-37 g.), and the solution evaporated to give an oil (0-83 g.). Under similar conditions, 
a blank experiment with 0-59 g. of benzylsulphonyl chloride and 0-88 g. of benzyl chloride 
gave 0-44 g. of crystals and 0-65 g. of oil. The amount of benzylsulphonyl chloride in the 
reaction product was thus no more than 0-5 g. or 0-63 mol. (per mol. of disulphoxide). 

Action of Sulphuryl Chloride on Di-p-tolyl Disulphide in Presence of Water.—(i) Di-p-tolyl 
disulphide (1-66 g.), sulphuryl chloride (5-3 g.; 5-9 mols.), and undried ether (60 c.c.) were boiled 
under reflux for 1 hour. After removal of most of the ether, the product was exposed to caustic 
soda ina vacuum. A crystalline sublimate (0-18 g., m. p. 35—37°) of disulphide was formed 
and an orange oil (1-94 g.) remained. The latter gave on distillation 0-42 g., b. p. 150—160°, 
and a second fraction, b. p. 220—240°, which was the disulphide, but there was a considerable 
residue. When it was oxidised with a mixture of chromic acid and sulphuric acid, p-chloro- 
benzoic acid was obtained from the first fraction, which consisted mainly of p-chlorotoluene. 

Action of Sulphuryl Chloride on Di-p-tolyldisulphone in Presence of Watey.—(i) Di-p-tolyl- 
disulphone (1-00 g.), sulphuryl chloride (6-7 g.; 17-3 mols.), and undried benzene were heated 
at 58—60° for 3 hours. After the product had been exposed to caustic soda in a vacuum, 
unchanged disulphone remained (1-02 g., m. p. 216—218°). 

Evolution of Sulphur Dioxide in the Reaction between Sulphuryl Chloride and Dibenzyl Di- 
sulphide or Dibenzyl Disulphoxide in Presence of Water.—The disulphide or disulphoxide (0-2— 
1-3 g.) was weighed out into a 20 c.c. distilling flask, undried benzene (10 c.c.) added, and the 
required amount of sulphuryl chloride introduced (0-26—1-00 c.c.). The sulphuryl chloride 
was contained in a small glass tube, and was not allowed to come into contact with the di- 
sulphide until the apparatus had been freed from air by a stream of nitrogen, which had been 
purified by passage through (i) alkaline potassium permanganate, (ii) alkaline pyrogallol, (iii) a 
tube containing granular copper and copper gauze at a temperature just below red heat, and 
(iv) a long column of anhydrous calcium chloride. During the reaction, the flask was kept 
in a water bath at 37—39°, and the nitrogen stream was almost stopped for about 3 hours. 
Thereafter, the stream of nitrogen was increased and maintained for 18 hours. Sealed to the 
delivery tube of the distilling flask was a train of two wash-bottles, one containing 40 c.c. of 
10% sodium hydroxide solution and the other 40 c.c. of 5% sodium hydroxide solution, which 
had been made up with air-free distilled water. After addition of alcohol as antioxidant, the 
sulphite content of these solutions was estimated by titration against standard iodine solution 
acidified with hydrochloric acid. The results are in Table I. 


TABLE I. 


Moles per mole of dibenzyl disulphide. 
Sulphuryl chloride taken S 1-53 2-94 4:38 5:77 8-25 13-26 
Reese RARE LODE AS S 1-27 2-75 4-37 5-46 6-49 6-96 
Moles per mole of dibenzyl disulphoxide. 
Sulphuryl chloride taken . 1-68 2-60 4-09 7-25 10-57 
Sulphite _........ oe ar ° 1-99 2-94 3-64 4-64 5-35 


Action of Sulphuryl Chloride on Dibenzyl Disulphide in Absence of Water.—(i) Dibenzyl 
disulphide (6-51 g.), sulphuryl chloride (3-6 g.; ; 1-0 mol.), and sodium-dried ether (100 c.c.) 
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were heated at 37—-39° for 1 hour in an atmosphere of dry nitrogen, and the liquid then evapor- 
ated in a stream of nitrogen. The product, after exposure to caustic soda in a vacuum, was a 
sticky yellow oil, which deposited a little disulphide on standing. 

The experiment was repeated with dibenzyl disulphide (1-98 g.), sulphuryl chloride (1-1 g.; 
1-0 mol.), and sodium-dried ether (40 c.c.), except that the oily reaction product was afterwards 
treated with 10 c.c. of dry ether to which 0-28 g. (2 mols.) of water had been added. Crystallis- 
ation did not take place. 

Dibenzy] disulphide (3-30 g.), sulphuryl chloride (1-8 g.; 1-0 mol.), and sodium-dried benzene 
(40 c.c.) were allowed to react under the above conditions. The solution was concentrated by 
evaporation under reduced pressure, and a little dry ether added, but crystals did not separate. 
Water (0-48 g.; 2 mols.) was added, but without visible effect, even after 24 hours. 

Dibenzy] disulphide (2-33 g.), sulphuryl chloride (1-3 g.; 1-0 mol.), and sodium-dried benzene 
(40 c.c.) were heated for 1 hour in an atmosphere of dry nitrogen, and the liquid then evapor- 
ated in a stream of nitrogen. After being exposed to caustic soda in a vacuum, the product 
was treated with acetophenone (2-27 g.; 2-0 mols.) in chloroform (10 c.c.). On heating, a very 
small quantity of hydrogen chloride was evolved, but no crystals were obtained. Conversion 
into the semicarbazone gave the derivative of acetophenone substantially pure, and an oil 
which deposited a little impure disulphide. 

Dibenzyl disulphide (1-92 g.), sulphuryl chloride (1-1 g.; 1-0 mol.), and dry ether (40 c.c.), 
to which water * (0-28 g.; 2-0 mol.) had been added, were boiled under reflux for 1 hour. 
Afterwards, 75% of the ether was allowed to boil away; crystals (1-07 g., m. p. 62—70°) separ- 
ated. When the filtrate from these crystals was again concentrated, a further 0-91 g., m. p. 
60—65°, was obtained. After trituration with ether (25 c.c.) the first product gave 0-34 g. of 
crude dibenzyl disulphoxide, m. p. 95—101°. 

The preceding experiment was repeated with dibenzyl disulphide (3-26 g.), sulphury]l chloride 
(1-8 g.; 1-0 mol.), and dry ether (40 c.c.), to which water * (0-24 g.; 1-0 mol.) had been added. 
Crude dibenzyl disulphoxide (0-88 g., m. p. 99—102°) and a product (1-44 g.) melting indefinitely 
at 40° were obtained, but some oil and benzyl chloride were present. 

(ii) Dibenzyl disulphide (1-37 g.), sulphuryl chloride (3-0 g.; 4-0 mols.), and dry benzene 
(40 c.c.) were heated at 37—-39° for 3 hours in an atmosphere of dry nitrogen, and the liquid 
then evaporated in a stream of nitrogen. The product was exposed to caustic soda in a vacuum ; 
rhombic crystals (0-067 g., m. p. 115—117°) separated. After recrystallisation from benzene, 
the product (m. p. 120°) gave S, 100%. 

The experiment was repeated with dibenzyl disulphide (8-93 g.), sulphuryl chloride (17-1 g. ; 
3°6 mols.), and dry benzene (80 c.c.). After removal of the sulphur (0-162 g.) which separated 
from the product, the liquid portion was dissolved in ether, shaken with sodium bicarbonate 
solution, and dried over anhydrous potassium carbonate. The product obtained on evapor- 
ation (6-85 g.) was shown to contain benzyl chloride by treatment with silver 3:5 dinitro- 
benzoate (16-5 g.) in alcohol. Crude benzyl 3:5 dinitrobenzoate (7-32 g., m. p. 108—111°) 
was obtained, the m. p. and mixed m. p. being 113° after crystallisation from aqueous alcohol. 

(iii) Dibenzyl disulphide (2-27 g.), sulphuryl chloride (9-3 g.; 7:5 mols.), and dry benzene 
(40 c.c.) were heated together in an atmosphere of dry nitrogen as in the preceding experiments. 
No sulphur could be isolated from the product. 

(iv) Dibenzyl disulphide (1-05 g.), sulphuryl chloride (6-3 g.; 11-0 mols.), and dry benzene 
(10 c.c.) were heated for 1 hour at 37—39° in an atmosphere of nitrogen. Sulphur did not 
separate from the residue which remained after evaporation, and distillation gave benzyl 
chloride (0-85 g., b. p. 179—183°). 

Evolution of Sulphur Dioxide in the Reaction between Sulphuryl Chloride and Dibenzyl 
Disulphide in Absence of Water.—Dibenzyl disulphide (0-90 g.), sulphuryl chloride (1-3 g.; 
2-5 mols.), and dry benzene (10 c.c.) were heated in an atmosphere of nitrogen for 3 hours 
at 37—39°. As before, the volatile products were carried over into caustic soda solution in a 
stream of nitrogen, which was maintained for 18 hours. After alcohol (10 c.c.) had been added 
and the volume made up to 250 c.c. with water, 100 c.c. of the alkaline solution were removed 
and titrated against standard iodine solution acidified with hydrochloric acid. The reducing 
agent present being assumed to be sodium sulphite, the sulphur dioxide liberated during the 
reaction was found to be 1-24 mols. To prove that no other reducing agent was present, a 


* Although water was added, this experiment is included here for convenient comparison with 
corresponding experiments in absence of water, and,to maintain a strict parallel between the general 
and the experimental section of the paper. 
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second lot of 100 c.c. was acidified with sulphuric acid and then heated to 70° in a stream of 
nitrogen. The nitrogen was again bubbled through caustic soda solution, and titration of an 
aliquot showed that 1-23 mols. of sulphur dioxide were recovered. Further, when the solution 
was acidified, the presence of sulphur dioxide was recognised by its smell and bleaching 
roperties. 

“ Action of Sulphuryl Chloride on Dibenzyl Disulphoxide in Absence of Watery.—(i) Dibenzyl 
disulphoxide (1-04 g.), sulphuryl chloride (3-2 g.; 6-3 mols.), and dry benzene (10 c.c.) were 
heated in an atmosphere of nitrogen for 1 hour at 37—39°, and the liquid then evaporated in a 
stream of nitrogen. When the residue was distilled, 0-43 g. or 0-91 mol. of benzyl chloride, 
b. p. 175—183°, was obtained. There was a substantial black residue. 

Action of Thionyl Chloride on Dibenzyl Disulphide in Presence of Water.—(i) Dibenzyl 
disulphide (1-97 g.), thionyl chloride (1-0 g.; 1-0 mol.), and dry ether (40 c.c.), to which water 
(0-14 g.; 1-0 mol.) had been added, were heated for 1 hour at 37°, and the whole evaporated 
under reduced pressure and then exposed to caustic soda in a vacuum. The product (1-96 g.) 
was unchanged disulphide, m. p. 69—71°. 

(ii) Dibenzyl disulphide (4-00 g.), thionyl chloride (10-0 g.; 5-2 mols.), and undried ether 
(100 c.c.) were refluxed for 1 hour, the ether being then removed by evaporation at 40—60°. 
After the residue had been treated with water, the crystalline solid was filtered off, washed with 
dilute sodium carbonate solution and water, and dried ina vacuum. When recrystallised from 
ethanol, the product (originally 4-08 g., m. p. 62—64°) gave 3-04 g., m. p. 72°, not depressed by 
dibenzyl disulphide. 

(iii) Dibenzyl disulphide (1-31 g.), thionyl chloride (7-0 g.; 10-4 mols.), and undried ether 
(50 c.c.) were heated under reflux for 3 hours. The crude product, isolated under the same 
conditions as above, had the same weight as the original material and melted at 57—65°. 

Action of Thionyl Chloride on Dibenzyl Disulphoxide in Presence of Water.—(i) Dibenzyl 
disulphoxide (0-73 g.), thionyl chloride (0-3 g.; 1-0 mol.), and dry ether (40 c.c.), to which water 
(0-05 g.; 1-0 mol.) had been added, were heated at 37° for 1 hour, and the whole evaporated 
under reduced pressure and then exposed to caustic soda in a vacuum. The product (0-73 g.) 
was unchanged disulphoxide, m. p. 104—107°. 

(ii) Dibenzyl disulphoxide (1-02 g.), thionyl chloride (1-5 g.; 3-1 mols.), and undried ether 
(50 c.c.) were boiled under reflux for 2 hours. Most of the ether was then evaporated, and after 
exposure to caustic soda in a vacuum, the residue (1-07 g.) was unchanged disulphoxide, m. p. 
106—107°. 

Recovery of Thionyl Chloride after Heating with Dibenzyl Disulphide and Dibenzyl Disulph- 
oxide in Benzene.—The experiments were carried out under the conditions described on p. 647, 
but the caustic soda solution was analysed for chlorine, sulphite, and, after oxidation with 
hydrogen peroxide, sulphate. The results (Table II) indicate that thionyl chloride is without 
significant action on either the disulphide or the disulphoxide at 37—39°. 


TABLE II. 
Thionyl chloride 
taken. Sulphite. Chloride (Cl,). Sulphate. 
Moles per mole of dibenzyl disulphide. 
5-57 5-28 5-31 5-34 
Moles per mole of dibenzyl disulphoxide. 
5-98 5-80 5-72 5-79 


The authors are indebted to the International Wool Publicity and Research Secretariat for 
grants in aid of this investigation. 
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119. Cannabis Indica. Part II. Isolation of Cannabidiol from 
Egyptian Hashish. Observations on the Structure of Cannabinol. 


By (Miss) A. Jacos and A. R. Topp. 


Cannabidiol, C,,H,,0,, a typical constituent of American hemp resin (Adams, 
Hunt, and Clark, J]. Amer. Chem. Soc., 1940, 62, 196), has been isolated from hashish 
of Egyptian origin, where it was accompanied by an approximately equal amount of 
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cannabinol. The simultaneous occurrence of these substances and their resemblance 
in many reactions lend support to the view that cannabidiol has a structure of the type 
suggested by Adams, Hunt, and Clark (Joc. cit.). Cannabidiol contains two double 
bonds and its absorption spectrum indicates that neither double bond is conjugated 
with the aromatic nucleus. The structure of cannabinol is discussed; of four possible 
structures, (I) and (III) seem most in keeping with the available evidence. 


In Part I (Work, Bergel, and Todd, Biochem. J., 1939, 33, 123) a method was described for 
the separation of cannabinol from Indian hashish; p-nitrobenzoylation of the distilled resin 
prepared from the drug yielded a mixture of esters, from which the crystalline cannabinol 
derivative could readily be removed by reason of its lesser solubility in light petroleum. 
It is known that Cannabis resin varies a good deal in composition and physiological potency 
according to the locality in which the hemp is grown, and it was therefore desirable to 
apply similar separation methods to other samples of the drug. Through the co-operation 
of the Home Office (Drugs Branch) we were able to examine a fresh specimen of Egyptian 
hashish (seized in 1939) and some of our results are now recorded. A preliminary note 
concerning them has been published elsewhere (Nature, 1940, 145, 350). 

The drug was in the form of hard, khaki-coloured, flat slabs containing much sand and 
other inorganic material; from it the physiologically active resin was extracted with light 
petroleum. A noteworthy feature of the crude resin thus obtained was that after extraction 
of its ethereal solution with sodium carbonate, there remained only traces of material 
which could be extracted with sodium hydroxide. There is apparently much variation in 
the amount of alkali-extractable material present in the hemp drugs. It has been reported 
on various occasions that considerable amounts of physiologically active material can be 
extracted with alkali; neither in the Indian nor in the Egyptian material which we have 
examined has this been the case. A similar result was obtained by Cahn (J., 1930, 986). 
Since hashish appears on the illicit market in a variety of forms prepared and stored under 
very different conditions, it is possible that these anomalies may be due to some alteration 
of the original constituents of the resin. In order to decide this point absolutely fresh 
hemp resin ought to be examined; unfortunately through lack of material we have not 
yet been able to do so. Following our normal procedure, the resin, freed from acidic 
impurities, was distilled under a pressure of 10° mm., the main fraction being obtained as a 
pale yellow resin which became reddish on keeping exposed to light. The distilled resin 
gave a violet colour with alcoholic potassium hydroxide (Beam test), much more intense 
than that given by the distilled Indian resin, which it otherwise closely resembled. The 
resin was p-nitrobenzoylated and separated into two fractions according to degree of solu- 
bility in light petroleum. The less soluble fraction, which in the case of the Indian resin 
(Part I, loc. cit.) solidified almost completely, in this case remained largely resinous. Frac- 
tional crystallisation and chromatographic analysis led to the separation of cannabinol #- 
nitrobenzoate together with another lower-melting ester, which had an indefinite m. p. 
ca. 80° and could not be satisfactorily purified. The low melting ester on warming with 
alcoholic potassium hydroxide developed a violet colour, differing in this respect from the 
cannabinolester. At this juncture the isolation of cannabidiol from the red oil of American 
wild hemp was reported (Adams, Hunt, and Clark, J. Amer. Chem. Soc., 1940, 62, 196) 
and from the behaviour of this substance towards alkali it seemed probable that the low- 
melting ester mentioned above was a cannabidiol derivative. This was confirmed by 
hydrolysis, followed by acylation with 3 : 5-dinitrobenzoyl chloride, the ester then obtained 
corresponding in all its properties to cannabidiol bis-3 : 5-dinitrobenzoate described by 
the American authors (loc. cit.). While an accurate estimate of quantities is difficult on 
account of inevitable losses in separation, it would appear that cannabinol and cannabidiol 
are present in approximately equal proportions in Egyptian resin. From resin of Indian 
origin we have not yet been able to isolate any cannabidiol, although it may be present 
in traces, since the crude distilled resin gives a positive, if rather weak, Beam test. It is 
of course also possible that the Indian resin contains not cannabidiol but some other closely 
related substance. It is interesting to note that in the case of American hemp resin canna- 
bidiol is present in considerable quantities but no cannabinol has yet been isolated (Adams, 
Hunt, and Clark, Joc. cit.). 
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Cannabinol is a cryptophenolic substance, C,,H,,0,, and for it Cahn (J., 1932, 1342) 
proposed structure (I), in which only the positions of the hydroxyl and the m-amyl group 
remained uncertain. We have been for some time engaged on synthetic experiments 
designed to clear up the structure of cannabinol, but it is also possible to draw some con- 
clusions from the colour reactions of the compound. Cannabinol gives an intense blue 
colour with 2 : 6-dichloroquinonechloroimide, indicating that the p-position to the phenolic 


hydroxyl is unsubstituted (cf. Gibbs, J. Biol. Chem., 1927, 72,649). This rules out positions 


4’ and 5’ for the hydroxyl group, leaving four possible structures, (I), (II), (III), and (IV), 
for cannabinol. 
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Of these, (I) and (III) are the more probable, as they afford a better explanation of the 
results of nitration of cannabinol and its methyl ether recorded by Cahn (J., 1932, 1342). 
The absorption spectrum of cannabinol in alcoholic solution shows a maximum at 2850 A. 
whose intensity (« mol. = 16,790) agrees with the presence of a diphenyl chromophoric system 
(cf. Gillam and Hey, J., 1939, 1170), although of course it throws no further light on the 
location of substituents. 

Cannabidiol prepared by hydrolysis of its bis-3 : 5-dinitrobenzoate is a yellowish resin 
distilling unchanged in a high vacuum. Analyses of the free phenol and its ester are in 
agreement with the formula C,,H,,0, suggested by the American authors. On micro- 
hydrogenation cannabidiol absorbs 2 mols. of hydrogen, indicating the presence of two 
double bonds. Its absorption spectrum in alcohol has a maximum at 2775 A. whose low 
intensity (« mol. = 1350), while in accordance with the presence in the molecule of one 
aromatic nucleus, indicates that neither of the double bonds can be conjugated with that 
nucleus. The colour reactions of cannabidiol recorded by Adams, Hunt, and Clark (loc. 
cit.) are very similar indeed to those given by cannabinol, save that the latter gives no 
coloration with alcoholic potassium hydroxide; probably the presence of two free hydroxyls 
is necessary for the production of colour. These facts together with the simultaneous 
presence of cannabinol and cannabidiol in Egyptian hashish support the view of the Ameri- 
can authors that cannabidiol is to be regarded as a doubly unsaturated derivative of men- 
thylbenzene (V) containing two hydroxyl groups and one m-amy] group located at positions 
in the benzene ring corresponding to those substituted in cannabinol. In a private com- 
munication just received by one of us Prof. Adams (Illinois) states that it has been shown 
that cannabidiol is a resorcinol derivative. This being so, then structure (III) would 
seem more likely than (I) for cannabinol, although we have hitherto been inclined to the 
latter structure on account of the reducing properties shown by cannabinol. A decision 
on this point is being sought by synthetic methods. 

It may be observed that on the above view of the structure of cannabidiol the substance 
might arise in the plant by condensation of a monocyclic terpene with a dihydric phenol 
and that it may be converted into cannabinol by cyclisation and dehydrogenation. At- 
tempts to realise such a conversion experimentally are being made. 

Both cannabinol and cannabidiol appear to be inactive in the Gayer test (Gayer, 
Arch. Exp. Path. Pharm., 1928, 129, 312) in rabbits. Details of biological tests and of the 
further fractionation of the active portions of Egyptian and Indian hashish will be published 
in further communications. 
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EXPERIMENTAL. 


Extraction of Egyptian Hashish.—The drug (EH 39; 500 g.) was in the form of hard, khaki- 
coloured, flat slabs and was broken into small pieces and extracted at room temperature with 
light petroleum (3 1., b. p. 40—60°). The crude extract was washed with sodium carbonate 
solution (5%), then with water, and dried over sodium sulphate. Evaporation gave a thick 
brown oil (70 g.) still containing traces of solvent. This oil was dissolved in hot methyl alcohol 
(ca. 350 c.c.), and the solution left overnight in the ice-chest. The crystalline hydrocarbon 
(3 g.) which separated was filtered off, and the mother-liquor concentrated to half its volume; 
as no more crystals separated, the whole solution was evaporated to dryness, and the oil (60 g.) 
subjected to slow distillation in a molecular still under a pressure of 10°? mm. After a consider- 
able amount of terpene derivatives had come over below 110° the main resin fraction (28-4 g.) 
distilled between 110° and 130°, leaving a dark-coloured tar (15 g.) behind. The distilled resin 
was pale yellow and extremely viscous; it reddened slowly on keeping and gave an intense 
violet colour with alcoholic potassium hydroxide. 

p-Nitrobenzoylation of the Distilled Resin.—The above resin (28-4 g.) was acylated in two 
portions with p-nitrobenzoyl chloride in pyridine (cf. Work, Bergel, and Todd, loc. cit.). The 
crude nitrobenzoate mixture (34 g.) was dissolved in light petroleum (b. p. 80—100°) and 
concentrated to 300 c.c., and the solution left overnight in the ice-chest. A thick oil (20 g.) 
containing some crystals separated and from it the light petroleum solution was decanted. 
The decanted solution contained a brownish resin (14 g.) containing all the material giving a 
positive Gayer test in rabbits. It was worked up separately and will be described elsewhere. 

The portion insoluble in 300 c.c. of light petroleum was dissolved in a mixture of light 
petroleum (70%, b. p. 40—60°) and benzene (30%) and chromatogrammed in two portions on 
towers of aluminium oxide (Merck and Birmingham Electric Furnaces Co. products were equally 
effective), the columns being washed with the same solvent until practically nothing further came 
through. The combined washings gave on evaporation a yellow oil (A) (ca. 10 g.), and the rest of 
the material (B), which gave several ill-defined bands in the columns, was eluted with acetone. 

From the oil (A) pure cannabinol p-nitrobenzoate was obtained by repeated crystallisation 
from alcohol. It formed nearly colourless needles (5 g.), m. p. 159—160°, undepressed on 
admixture with an authentic specimen. From the mother-liquors of the cannabinol p-nitro- 
benzoate and from alcoholic solutions of (B) quantities of nearly colourless crystals slowly 
separated; these had rather an indefinite m. p. 70—80° and could not be satisfactorily purified. 
Unlike cannabinol p-nitrobenzoate, this solid material gave an intense violet colour on warming 
for a short time with alcoholic potassium hydroxide. 

Cannabidiol Bis-3 : 5-dinitrobenzoate.—The material (B) above was combined with the 
product from the mother-liquors of the cannabinol p-nitrobenzoate crystallisation and hydro- 
lysed by refluxing in a nitrogen atmosphere with 4% alcoholic potassium hydroxide during 
l hour. When the deep violet solution was acidified, the colour changed to yellow; the hydro- 
lysis product was extracted with ether, freed from p-nitrobenzoic acid, dried, and evaporated. 
The resulting oil (6 g.) was treated with 3 : 5-dinitrobenzoyl chloride (9 g.) in pyridine (100 c.c.), 
and the product worked up in a manner similar to that described by Adams, Hunt, and Clark 
(loc. cit.). Camnnabidiol bis-3 : 5-dinitrobenzoate was obtained as colourless needles (4 g.), 
m. p. 106—107°, after three recrystallisations from methyl alcohol—-methyl acetate (2:1); in 
acetone solution (c = 1-876; J = 1) it had [a] — 76-2° [Found: C, 69-7; H, 5-0; N, 7-9. 
Calc. for CarHyg(O*CO*CgH,OwNs)s = C, 59-8; H, 49; N, 80%]. Adams, Hunt, and Clark 
(loc. cit.) give m. p. 106—107°, [a]? —76°. Prof. Adams, to whom we express our thanks, 
confirmed the identity of our product by direct comparinon with material from American hemp; 
a mixed m. p. showed no depression. 

The mother-liquors from the cannabidiol bis-3 : 5-dinitrobenzoate gave on evaporation a 
thick reddish oil (ca. 4 g.) which could not be crystallised; it developed a violet colour on warm- 
ing with alkali.. 

Cannabidiol.—(a) A sample of the above dinitrobenzoate was hydrolysed by refluxing for 
1 hour with methyl-alcoholic potassium hydroxide (4%) in a nitrogen atmosphere. The alka- 
line hydrolysis solution had an intense violet colour. From it the product was isolated by 
acidification, extraction with ether, removal of dinitrobenzoic acid, and distillation in a high 
vacuum. Cannabidiol distilled smoothly at 160—180° (bath temp.)/10-* mm. as a pale yellow 
resin (Found : C, 79-7; H, 9 6. Calc. for C,,H,,0,: C, 80-2; H, 9-6%). In alcoholic solution 
(c = 2:16; 12 = 1) it had [a}}® —126-6°. Quantitative micro-hydrogenation in glacial acetic 
acid solution with a platinum oxide catalyst caused absorption of 2-05 mols. of hydrogen. 
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Cannabidiol, like cannabinol, gave a deep blue colour with 2 : 6-dichloroquinonechloroimide. 
(b) Another sample of the dinitrobenzoate was hydrolysed with liquid ammonia in the manner 
described by Adams, Hunt, and Clark (loc. cit.). The distilled product was rather less coloured 
than that obtained by hydrolysis with potassium hydroxide (Found: C, 79-9; H, 9-7%). 


The authors’ thanks are due to Major Coles of the Home Office (Drugs Branch) for his generous 
help and to Messrs. Hofimann-La Roche and Co. Ltd. for a grant held by one of them (A. J.). 
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120. The Azo-growp as a Chelating Group. Part IV. The 
Constitution of the Arylazo-bis-oximes. 


By MARjorIE ELkins and Louis HunTER. 


Strong support for Bamberger’s structure for the arylazo-bis-oximes is provided 
by the preparation of a series of co-ordinated cupric, ferric, nickel and cobalt deriv- 


atives whose properties point to the hydroxytriazen structure in the original azo- 
compounds. 


By coupling diazonium salts (1 mol.) with ald- or ket-oximes (2 mols.), Mai (Ber., 1891, 
24, 3418; 1892, 25, 1685) discovered a group of substances, conveniently known as the 
arylazo-bis-oximes, which are listed in Beilstein’s ‘‘ Organische Chemie” (4th edn., vol. 
XVI, p. 459) as being “ of uncertain constitution.” The formule suggested by Mai for 
these compounds did not accord well with their properties, but the subsequent discovery 
of the hydroxytriazens (Bamberger, Ber., 1896, 29, 104) revealed the similarity of the two 
groups of compounds, and led Bamberger (Ber., 1899, 32, 1546) to propose a formula (I) 
for the arylazo-bis-oximes embodying the hydroxytriazen skeleton (II). 


R,C:N-O-CR,*N(OH)-N:NAr -N‘:N-N(OH)- -NH-N:NO- 
(I.) (II.) (III.) 


Bamberger’s evidence rested mainly on the decomposition of the arylazo-bis-oximes by 
mineral acids into azoimides, and the development, by the addition of ferric chloride, of 
deep blue colours characteristic of all hydroxytriazens. In a recent review of the 
reactions of the arylazo-bis-oximes Mangini (Atti R. Accad. Lincei, 1935, vi, 22, 452) 
submits exhaustive evidence for rejecting Mai’s structures and for adopting that of 
Bamberger. Certain reactions necessitated, however, the postulation of a tautomeric 
equilibrium II == III. 

Independent support for Bamberger’s hydroxytriazen structure is now provided in the 
preparation, of a series of co-ordinated cupric, ferric, nickel and cobaltous complexes, the 
properties of which are extraordinarily similar to those of the metallic derivatives of the 
simple hydroxytriazens described in Part III (J., 1938, 1346). They are deeply coloured, 
crystalline substances, although the parent azo-compounds are white or cream-coloured ; 
they are insoluble in water, but readily soluble in most organic solvents. They are easily 
decomposed by mineral acids, but are stable to aqueous or alcoholic alkali even on 
boiling. They melt at remarkably low temperatures, some even below the melting points 
of the parent azo-compounds; this would seem to indicate a considerable degree of co- 
ordinative saturation, for few of the compounds described have molecular weights below 
600. No stable cobaltic complexes were obtained; but by using hydrogen peroxide in 
the course of the preparation as in the case of the cobaltic derivatives of the simple 
hydroxytriazens (Part III, Joc. cit.) transient purple-brown colorations or precipitates 
were obtained which rapidly gave place to tarry deposits. This may be taken as evidence 
of the momentary formation of cobaltic complexes similar to those previously described. 
When crystallised from pyridine, some of the nickel derivatives form pyridine addition 
compounds. 

xx 
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These properties so strongly resemble those of the metallic derivatives of the simple 

N=N-Ar hydroxytriazens as to make it highly probable that their structure is 

ea | similar, and the formula assigned to the metallic derivatives of the 

arylazo-bis-oximes is therefore (IV; M=vn-valent metal, X = 

" _R,C:N-O-CR,). Bamberger’s structure for the arylazo-bis-oximes 

therefore receives very strong support, and Mangini’s requirement of 

prototropic change within the hydroxytriazen group is adequately met by the resonance 
formula proposed in Part III (loc. cit., p. 1347). 


XN—O”% 
(IV.) 


EXPERIMENTAL. 


The arylazo-bis-oximes were prepared in good yield by Mai’s method (loc. cit.; ibid., 1906, 
39, 876). Metals were estimated as described in Part III, and nitrogen analyses were 
performed by Drs. Weiler and Strauss, Oxford. 

Phenylazo-bis-acetoxime, washed repeatedly with cold light petroleum (b. p. 40—60°) to 
remove coloured impurities, formed pale cream-coloured crystals from alcohol, m. p. 135—137°. 
The cupric compound was prepared by the dropwise addition of saturated aqueous copper 
acetate to'a warm 2% solution of the azo-compound in alcohol. It formed grey-brown 
platelets with a silver reflex from acetone, m. p. 175—178° (Found: Cu, 11-2. C,,H,,O,N,Cu 
requires Cu, 11-3%). The nickel compound, prepared similarly, formed small yellowish-green 
needles from alcohol, m. p. 166° (Found: Ni, 10-4. C,,H,,0,N,Ni requires Ni, 10-56%). By 
the careful addition of water to a pyridine solution, a dipyridinonickel compound was 
precipitated as pink-buff platelets, m. p. about 108° after losing pyridine at about 80°. It 
was dried for analysis in an atmosphere of pyridine vapour (Found: Ni, 7-4; loss on heating 
to 90°, 24-5. C,,H,,0,N,Ni,2C,H,N requires Ni, 7-9; loss for 2C;,H,N, 24-6%); by standing 
in the air it lost pyridine and reverted to the original green nickel compound, m. p. 167°. 
The ferric compound, obtained similarly by the addition of ferric acetate to the azo-compound, 
formed black micro-needles from pyridine, m. p. 138° (Found: Fe, 7:7; N, 19-7. 
C,,H,,0,N,,Fe requires Fe, 7-1; N, 209%); its solutions in organic solvents were purple. 
The cobaltous compound formed short orange-brown needles from acetone, m. p. 148° 
(Found: Co, 10-5. CH,,O,N,Co requires Co, 10-4%). 

o-Tolylazo-bis-acetoxime is somewhat unstable in solution (cf. Mai, Ber., 1906, 39, 880), 
and the crude product (cream platelets, m. p. 78—82°) was used in the preparation of metallic 
derivatives. The cupric compound formed rust-red micro-crystals from acetone, m. p. 131° 
(Found: Cu, 10-9. C,,H,;,0,N,Cu requires Cu, 10-8%). The nickel compound formed a 
bright green, crystalline powder from pyridine, m. p. 143° (Found: Ni, 10-0. C,,H,;,O,N,Ni 
requires Ni, 10-0%). It formed no pyridine addition compound. The ferric compound, 
prepared from ice-cold solutions in the presence of sodium acetate, formed jet-black platelets 
with a golden lustre from acetone, m. p. 125° (Found: Fe, 5-4; N, 19-9. C,.H,;,0O,N,,Fe 
requires Fe, 6-6; N, 19:9%). The cobaltous compound formed a dark olive-green powder 
from pyridine, m. p. 128° (Found: Co, 10-1. C,,H,;,0,N,Co requires Co, 10-1%). 

p-Tolylazo-bis-acetoxime was obtained as cream needles from alcohol, m. p. 143°, though 
when crystallised in bulk it gave a less pure product of m. p. 136—138°. The latter can be 
used in the preparation of metallic derivatives. The cupric derivative was obtained in two 
forms, one being probably a hydrated compound. The anhydyvous compound formed small 
rust-red prisms from acetone, m. p. 181° (Found: Cu, 10-8; N, 18-8. C,,H,;,0,N,Cu requires 
Cu, 10-8; N, 190%). By precipitating the solution in alcohol, acetone, or pyridine with 
water, the monohydrate was formed as silver-brown platelets, m. p. 180° (Found: Cu, 10-4; 
N, 18-2. CygH,,0,N,Cu,H,O requires Cu, 10-5; N; 18-4%), which reverted to the rust-red 
anhydrous form on heating above 100°. The nickel compound formed fine greenish-yellow 
needles from alcohol, but was best recrystallised from pyridine; the brown pyridine addition 
complex first formed lost pyridine on standing in air to give yellow platelets, m. p. 174° 
(Found: Ni, 10-0. C,,H,,0,N,Ni requires Ni, 10-0%). The dipyridinonickel compound was 
precipitated by the addition of water to a pyridine solution of the nickel complex as light 
brown platelets (Found: Ni, 7:2; loss on heating, 22-7. C,,H,,0,N,Ni,2C;H,N requires Ni, 
7-6; loss for 2C;H,N, 23-7%); it lost pyridine on heating to about 110° and reverted to the 
yellow nickel compound. The ferric compound formed very fine blue-black needles from 
acetone, m. p. 136—137° (Found: Fe, 6-6. C,H,,O,N,,.Fe requires Fe, 6-6%). Its solutions 
in acetone and pyridine were violet-black. 

Phenylazo-bis-methylethylketoxime was obtained as fine cream-coloured needles from light 
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petroleum (b. p. 40—60°), m. p. 92—93°. - The cupric compound formed dark brown platelets 
with a silver lustre from acetgne or pyridine, m. p. 106° (Found: Cu, 10-5. C,,H,,O,N,Cu 
requires Cu, 103%). The nickel compound formed greenish-golden platelets from alcohol, 
m. p. 97°, but was best purified by precipitating the dark brown pyridine addition compound 
from the pyridine solution by the addition of water; this lost pyridine in air, leaving mustard- 
yellow clusters of needles, m. p. 101° (Found: Ni, 9-5. C,,H,,O,N,Ni requires Ni, 9-6%). 
The addition of water to a pyridine solution precipitated the dipyridinonickel compound as a 
dark green oil which solidified on cooling. Repetition at lower temperature produced light 
brown platelets, m. p. 80° (Found: Ni, 8-0; loss on warming, 22-5. C,,H,,O,N,Ni,2C,H,N 
requires Ni, 7-4; loss for 2C;H,N, 22-9%), which slowly lost pyridine on exposure and reverted 
to the yellow nickel compound. The ferric compound formed slate-blue platelets from alcohol, 
m. p. 88—90° (Found: Fe, 7-2; N, 19-8. C,,H,,0,N,,Fe requires Fe, 6-3; N, 189%). The 
cobaltous compound was isolated as a dihydrate by precipitating a pyridine solution with water 
as orange-gold platelets, m. p. 115—118° (Found: Co, 9-0; N, 17-5. C,,H,,O,N,Co,2H,O 
requires Co, 9-1; N, 17-3%). 

m-Tolylazo-bis-methylethylketoxime was prepared by coupling m-toluenediazonium chloride 
(1 mol.) with an alkaline solution of methylethylketoxime (2 mols.). The oily prod@ct first 
formed slowly solidified to orange crystals, which were dissolved in alcohol and reprecipitated 
by the addition of small lumps of ice. It formed pale cream platelets, m. p. 50—51° (Found : 
C, 61-6; H, 8-1; N, 18-9. C,;H,,O,N, requires C, 61-6; H, 8:2; N, 19-2%). It was very 
soluble in all organic solvents, and slowly decomposed in alcoholic solution at the ordinary 
temperature. The cupric compound was isolated in the form of a monohydrate by precipitation 
from ice-cold alcoholic solution by the addition of water, as light brown plates with a silver 
reflex, m. p. 86—88° (Found: Cu, 9-6; N, 17-2. Cy9H,,O,N,Cu,H,O requires Cu, 9-6; N, 
169%). By crystallising the monohydrate from hot alcohol by the addition of a small 
amount of hot water, the anhydrous form was deposited, on cooling, as long. fine, red-brown 
needles with a bronze lustre, m. p. 103—105° (Found: Cu, 9-8; N, 17:4. Cj9H,,O,N,Cu 
requires Cu, 9-8; N, 17-4%). The nickel compound formed first a green oil, which subse- 
quently solidified; recrystallisation from alcohol yielded greenish-yellow platelets, m. p. 80— 
82° (Found: Ni, 9-2. C,9H,,O,N,Ni requires Ni, 9-2%). Although it was very soluble in 
pyridine, no addition compound could be isolated. The ferric compound was obtained as 
somewhat oily, slate-blue crystals melting indefinitely at about 50°. It dissolved readily in 
alcohol to form a violet solution, but could only be isolated therefrom as an oil. The 
cobalious compound formed bronze needles from alcohol, m. p. 80—85° (Found: Co, 9-0. 
Cy9H,,0,N,Co requires Co, 9-2%). 

Phenylazo-bis-benzaldoxime was obtained from ether as a cream-coloured crystalline 
powder, m. p. 132—134° (lit., 125°). .It is somewhat unstable, a week-old specimen having 
m. p. 100°. The cupric compound formed fine pink-buff needles from a chloroform solution 
on addition of light petroleum (b. p. 40—60°), m. p. 187° (Found: Cu, 8-4. C, H,,0,N,Cu 
requires Cu, 8-4%). It was far less soluble in organic solvents than the previously described 
copper derivatives of azo-bis-ketoximes. The nickel compound formed a dull yellow, 
crystalline powder from acetone, m. p. 168° (Found: Ni, 7-7. CgH,,O,N,Ni requires Ni, 
78%). Precipitation of a pyridine solution by the slow addition of water produced an 
unstable dipyridinonickel compound as a buff powder, m. p. 150—155°, losing pyridine on 
standing (Found: Ni, 6-2; loss on heating to 75°, 12-8. C, H,,0,N,Ni,2C,H,N requires Ni, 
6-4; loss for 2C,H,;N, 19:5%). The ferric compound was obtained in an impure condition as 
a blue-black powder, m. p. 110° after softening at 80° (Found: Fe, 10:7; N, 12-7. 
CogH,,0,N,.Fe requires Fe, 5-1; N, 15°3%). The substance dissolved in organic solvents to 
give purple solutions, from which the original compound could not be recovered undecomposed. 
The cobaltous compound formed a dull brown powder which could not be recrystallised without 
decomposition, m. p. 80—85° (Found : Co, 7-8. CygH,,0,N,Co requires Co, 78%). 


The authors desire to thank the Chemical Society for a grant. 
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121.—8-Hydroxyquinoline as a Reagent for the Determination of 
Magnesium, especially in Carbonate and Silicate Rocks. 


By CuRISTINA C. MILLER and IAN C. McLENNAN. 


Magnesium has been precipitated with 8-hydroxyquinoline (“‘ oxine’’) in two 
ways: (i) by adding oxine to an ammoniacal solution containing ammonium chloride; 
(ii) by adding ammonia to an acid solution containing oxine. The former yields a 
purer precipitate, suitable for a gravimetric or a volumetric determination. The 
effect of heat on the precipitates has been examined at 105°, 140°, and 160°, and the 
dehydration of the dihydrated complex found to be accompanied by another subsi- 
diary change. A standard method of precipitation, which gives excellent results 
gravimetrically in the determination of 10—50 mg. of magnesium oxide in 100 ml. 
of a solution free from foreign salts, except a little ammonium chloride, has been 
applied in a modified form to solutions containing ammonium oxalate and other 
salts, in quantities comparable with those obtained in the analysis of carbonate and 
silicate rocks, after the removal of silica, the “‘ ammonia precipitate ’’, and calcium 
as oxalate. The results, corresponding to 25—1% of magnesium oxide, show errors 
that could be neglected in technical analyses, but not in accurate work. 


MAGNESIUM hydroxyquinolate (“ oxinate”’) may be quantitatively precipitated within 
the range of #, 9-5—12-7 by two general methods: (i) a solution of 8-hydroxyquinoline 
(“‘ oxine ”’) is added to an ammoniacal solution of the magnesium salt (Berg, Z. anal. Chem., 
1927, 71, 23); (ii) ammonia in excess may be added to a neutral or slightly acid solution 
of magnesium containing oxine (Hahn and Vieweg, tbid., p. 122). Berg separated and dried 
the precipitates at 105° [Mg(C,H,ON),,2H,O] or 130—140° [Mg(C,H,ON),], obtaining 
“constant weight ” after several hours’ heating, or else dissolved them in hydrochloric 
acid, and determined the oxine volumetrically with a mixture of potassium bromate and 
potassium bromide. Hahn and Vieweg dried their precipitates at 140—160°. Kolthoff 
and Sandell (“‘ Textbook of Quantitative Inorganic Analysis,’ 1936, 351) have adopted 
the second method of precipitation and recommend 105° as the drying temperature. Ina 
review (Z. anal. Chem., 1935, 101, 303) favourable reference is made to the first method 
of precipitation, and a drying temperature of 140°. Redmond and Bright (Bur. Stand. 
J. Res., 1931, 6, 113), in a study of the precipitation of magnesium in solutions comparable 
to those obtained in the analysis of cements, employed both methods of precipitation, 
obtaining low or high results with the first, owing to two superimposed effects, viz., a ten- 
dency to incomplete precipitation, and contamination of the precipitate by the reagent; 
and low results with the second, owing to a slow separation of the precipitate. 

Oxine has been used in this analytical laboratory for more than six years in the deter- 
mination of magnesium, and precipitation by the first method has given low results in 
the gravimetric, and high results in the volumetric process; precipitation by the second 
method has invariably given high results. Satisfactory weight constancy has not been 
readily achieved at 105°, 140°, or 160° with either method. In the application of the 
methods to dolomitic limestones the results obtained gravimetrically have compared 
favourably with those derived by determining magnesium as its pyrophosphate, but with 
silicates of small magnesium content some low, irregular results have been recorded. As 
the methods are comparatively rapid, we have sought to improve them by ascertaining 
the cause of the foregoing errors with a view to their eradication. 


EXPERIMENTAL. 

The Composition of Magnesium Oxinate.—Since precipitated magnesium oxinate may be 
contaminated with oxine, and the latter is volatilised on heating, a volumetric method of 
determining oxine was the best for examining the composition of freshly formed precipitates. 
The following method, based on the bromination procedures of Fleck, Greenane, and Ward 
(Analyst, 1934, 59, 325) and Schulek and Clauder (Z. anal. Chem., 1937, 108, 385), was utilised. 
To the solution, 2n in hydrochloric acid (25 ml. and over), contained in a Pyrex flask, S 84, 
1 g. of potassium bromide and 1 ml. of 0-01% aqueous methyl-red were added. It was slowly 
titrated with a 0-1N-potassium bromate solution until an excess of 1—2 ml. was present, as 
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shown by the colour of the indicator. Carbon disulphide was placed in the funnel surrounding 
the stopper, and the flask kept for 5 minutes with occasional swirling. The solvent (8 ml.) 
was then added, followed, after vigorous shaking of the closed flask, by 2 g. of potassium iodide 
dissolved in a little water. The solution was back-titrated in the presence of starch with 
0-025n-sodium thiosulphate solution, standardised against the bromate solution. By using 
the special flask, the loss of bromine, equivalent to 0-15 ml. of a 0-1n-solution, was prevented. 
With standard solutions containing 20—200 mg. of oxine, the method gave slightly low results 
on the average, and extreme errors of +0°3%. 

When magnesium oxinate (100 mg.) was precipitated according to the second method (see 
p. 656) and dissolved and determined volumetrically, positive errors of 1 and 8%, due to con- 
taminating oxine, were recorded for experiments in which small (5%) and large (33 or 100%) 
excesses of oxine respectively were used. Considerable amounts of ammonium chloride and 
ammonium acetate reduced the errors, but more thorough washing of the precipitates did not 
materially help. When the first method of precipitation was similarly examined, small negative 
errors occurred, whether the excess of oxine was 10% or 50%, and the precipitates were 
apparently pure. An excess of 100% gave a positive error of only 0-6%. Large excesses of 
ammonium chloride and ammonia had no important influence. 

In order to find how gravimetric determinations of magnesium would be affected by the 
two methods of precipitation, the action of heat on corresponding precipitates (of about 0-4 g.) 
wasexamined. With precipitates contaminated by 8% of oxine no satisfactory weight constancy 
was obtained at 105°, and the error after 3 hours was + 1-5%, whereas pure precipitates readily 
gave weight constancy and approximately correct results. The pure, dihydrated complex 
was converted into the anhydrous form in 2 hours at 140°, after which weight constancy was 
observed for short periods of heating. At 160° the conversion took about an hour and small 
losses in weight occurred on continued heating. Contaminated precipitates gave reasonable 
weight constancy in 2 hours at 160°, the results tending to be 0-5% high. The anhydrous 
precipitates were slightly hygroscopic, and from them a deep yellow substance was extracted 
with alcohol. This substance was not a product of decomposition of the anhydrous complex, 
but appeared to be formed to the extent of about 13% during the dehydration of the dihydrated 
complex. Probably it was 8 : 8’-diquinolyl ether, produced thus : 

Mg(C,H,ON),,2H,O —> Mg(C,H,ON),,H,O + H,O —> MgO + (C,H,N),O + H,O 
The simultaneous production of magnesium oxide might account for the hygroscopic nature of 
the supposed anhydrous oxinate. 

The foregoing results show that, for volumetric and gravimetric determinations, magnesium 
oxinate is best precipitated by adding oxine last to an ammoniacal solution containing magne- 
sium. For oxine-free precipitates the most satisfactory temperature of drying is 105°, but for 
oxine-contaminated precipitates a temperature of 160° leads, on the whole, to better results. 

The Determination of Magnesium with Oxine.—Gravimetric and volumetric determinations 
of magnesium were made in solutions containing various amounts of a magnesium sulphate 
solution standardised according to Epperson’s procedure (J. Amer. Chem. Soc., 1928, 50, 321). 
The standard method adopted for gravimetric experiments was as follows. To 100 ml. of a 
solution, containing the equivalent of 10—50 mg. of magnesium oxide, 2 g. of ammonium 
chloride, and 0-5 ml: of o-cresolphthalein indicator (0-02% in alcohol), 6N-ammonia was added 
in at least 2 ml. excess of that required to give a violet colour (pg 9-5). The solution was 
heated to 70—80°, and, according as the amount of magnesium was large or small, a 5% or 
1% solution of oxine in acetic acid (2n and 0-4n respectively) was added very slowly, with 
constant stirring, until the precipitation was complete and a small excess was present, as shown 
by the deep yellow colour of the supernatant liquid. At first, 2N-ammonia was added simul- 
taneously with, and in amount equivalent to the acid in the oxine solution, but in later work a 
larger excess of 6N-ammonia was added before the oxine. The precipitate was digested for 
10 minutes on the steam-bath, and filtered off hot on a Jena-glass filtering crucible (No. 10 G 4), 
the filtrate being used to complete the transference of the precipitate to the crucible. A trace 
of sodium tauroglycocholate in the solution reduced the tendency of the precipitate to adhere 
to the sides of the beaker (Hopkin and Williams, “‘ Organic Reagents for Metals,’”’ 1938, 67). 
Finally, the precipitate was washed with 50 ml. of hot water, and dried at 105° or 160° for 1 
hour, and then for 4-hour periods. 

For single volumetric determinations of magnesium, within the same limits of concentration, 
all the foregoing quantities were reduced to one-fourth, with the exception of the wash liquid, 
which was halved. The precipitates were collected on No. 590 Whatman filter papers, dissolved 
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in hot 2n-hydrochloric acid, and determined, as outlined on p. 656, with potassium bromate. 
If several titrations were required, a larger volume of the magnesium solution was taken, as in 
the gravimetric experiments, the precipitate dissolved in 2N-hydrochloric acid, and suitable 
portions of the solution were used. When the concentration of the magnesium oxide was less 
than 10 mg. per 100 ml., 100 or 200 ml. of the solution were taken. As the precipitates formed 
in such dilute solutions were finely divided and separated slowly, they were digested for a 
longer period and cooled for 1—2 hours before filtration. It was impossible to restrict the 
amount of oxine added to a small excess. 
The results of a number of gravimetric and volumetric experiments are given below. 








Gravimetric (initial vol. 100 ml.). Volumetric. 
Wt. of MgO (mg.). 
Found. Wt. of MgO (mg.). 
r — ‘ Initial vol., 7 
Taken. 105°. 160°. ml. Taken. Found. 
(Small excess of oxine.) 25 12-83 12-79, 12-79 
51-34 51-35 51-35 5-14 5-16, 5-16 
20-56 20-53 20-65 2-58 2-63, 2-62 
10-31 10-32 10-27 
100 12-83 12-85 * 
(100% excess of oxine.) 200 12-83 12-96 * 
51-34 51-53 51-38 100 2-58 2-67 * 
200 2-58 2-59 * 


* Filtered cold. 


The above figures show that, for concentrations of magnesium oxide ranging from 10 to 
50 mg. per 100 ml., the most consistent results are obtained gravimetrically by weighing the 
dihydrated complex (105°). If, however, too large an excess (100%) of oxine has been added, 
drying should be effected at 160°. Volumetrically, the errors are irregular, and most of the 
precipitates appear to have been contaminated with a little oxine. The following factors were 
found not appreciably to influence the volumetric determination of larger amounts of mag- 
nesium, viz., the amounts of ammonia added beyond a pg value 9-5, the period of digestion before 
filtration, mechanical stirring, and the temperature of the filtered mixture. Large amounts 
of ammonium chloride and a 100% excess of oxine slightly raised the results. The solvent 
effect of hot water on the precipitates was about 0-09 mg. per 100 ml., and of hot N-ammonia, 
0-07 mg. The former was preferred. 

The Determination of Magnesium in Carbonate and Silicate Rocks.—When 1 g. of a carbonate 
rock is analysed according to the method given by Kolthoff and Sandell (op. cit., pp. 356—360 ; 
337), the solution, before the determination of magnesium, contains about 20 g. of ammonium 
chloride, and 4—2 g. of ammonium oxalate, according as the amount of magnesium to be 
separated from calcium is large (20% MgO) or small (<2% MgO). In the analysis of 1 g. ofa 
silicate rock, fused with 5 g. of sodium carbonate, there remain in the solution, after successive 
removals of silica, the ‘“‘ ammonia precipitate ”, ammonium salts, and calcium, 8 g. of sodium 
nitrate, 7 g. of ammonium chloride and 2 g. of ammonium oxalate, it being assumed that only 
moderate amounts of calcium and magnesium are present (Washington, “ The Chemical 
Analysis of Rocks,” 1930, pp. 148 e¢ seq., 175, and 202). 

In order to test the applicability of the oxinate method to the determination of magnesium 
in the above minerals, magnesium sulphate corresponding to 25—1% of magnesium oxide 
was added to synthetic mixtures of the composition cited. It was supposed that, for amounts 
of magnesium oxide between 25 and 5%, one-fifth of the filtrates from the calcium oxalate 
precipitates would be taken, the volume being 100 ml., and, for 5—1%, the whole of the 
filtrates, concentrated to 200 ml. The concentrations of magnesium oxide to be considered 
were therefore 50—5 mg. per 100 ml. Since, with magnesium sulphate solutions containing 
minimal amounts of ammonium chloride, the greater part of this range was most successfully 
covered by gravimetric determinations of magnesium at 105°, the standard method then adopted 
(p. 657) was first applied, with the results shown in the third column of the table on p. 659. 

Oxalate was found to retard the precipitation of even the maximum amount of magnesium, 
so that the precipitation began only after a few ml. of the reagent had been added, and then 
proceeded fairly quickly. Consequently, it was possible, after some practice, to control the 
excess of oxine added, when the amount of magnesium was large, but not when it was small. 
As the negative errors pointed to incomplete precipitation, the standard procedure for oxalate- 
free solutions was modified by cooling the mixtures for 1—2 hours before filtration, and 
mechanically stirring, for 15 minutes, solutions of low magnesium content (MgO~1%), from 
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which the precipitates sometimes separated very slowly. As shown in the table, results of 
moderate accuracy were then obtained only when the precipitates were heated at 160°. 
Apparently the precipitates were impure and required to be heated at the higher temperature 
found more suitable for these (p. 657). 

MgO (%) found. 





Wt. (g.) of mineral MgO (%) Modified method, 
to which experiment under Standard - 
refers. consideration. method, 105°. 105°. 160°. 
Carbonate rock. 
° 25-00 24-91 24-85 f 24-92 
0-2 5-00 4-94 5-08 4-99 
1 1-00 — -- 0-98, 1-05 * 
Silicate rock. 
1 5-00 4-88 5-06 4-97 
1 1-00 0-87 ~- 0-91, 1-03 * 
Dolomite No. 88. 
0-2 21-48 + 0-06 t 21-15 —~ 21-31 
Argillaceous limestone No. la. 
1 2-19 t —- -— 2-16 * 
* Stirred mechanically after cooling. + Weight constancy difficult to obtain. 


t U.S. Bureau of Standards’ value. 


As a further check on the method, a dolomite and a limestone from the U.S. Bureau of 
Standards were analysed for magnesium oxide. 1 G. portions, dried at 105°, were decomposed 
with hydrochloric acid and the insoluble residues removed. As the residue in the limestone 
was large, it was ignited, treated with hydrofluoric acid to expel silica, fused with a little sodium 
carbonate, dissolved in hydrochloric acid, and the solution added to the filtrate from the 
original residue. Iron, aluminium, and manganese were precipitated twice as the hydroxides, 
and calcium twice as calcium oxalate, according to standard methods (Kolthoff and Sandell, 
op. cit.). Inthe dolomite analysis one-fifth of the filtrates from the calcium oxalate precipitates 
was taken for the determination of magnesium, and, in the limestone analysis, the whole 
solution, evaporated to 200 ml. The results shown are considered satisfactory in view of the 
large number of separations that preceded the isolation of the magnesium. 

Amounts of magnesium oxide under 1% could not be determined in the presence of 
ammonium oxalate, which would have to be destroyed in rock analysis. The solution left after 
its destruction by evaporation with concentrated nitric acid would be free from foreign salts in 
a limestone analysis, and would contain 8 g. of sodium nitrate in a silicate analysis. As this 
amount of sodium nitrate in 100 ml. of solution was found not to interfere with the deter- 
mination of small amounts of magnesium, the method outlined on p. 658 for concentrations 
of magnesium oxide under 10 mg. per 100 ml. could therefore be applied. 

As a whole, our work, like that of Redmond and Bright (loc. cit.), shows that the precip- 
itation of magnesium oxinate is very susceptible to the manner in which it is carried out, and 
to the conditions prevailing in the solution. In the determination of magnesium in silicate 
and carbonate rocks the presence of oxalate causes most trouble. Oxalate may, of course, be 
destroyed, but the main benefit of using oxine as a precipitant, viz., time-saving, is then lost. 
Our conclusion is that, in the determination of magnesium in the presence of oxalate, the 
reagent, if used in the manner prescribed (pp. 657, 658), quickly gives serviceable results, 
which, however, lack precision. 


One of us (C. C. M.) is indebted to the Carnegie Trustees for a Teaching Fellowship. 
THE UNIVERSITY, EDINBURGH, 9. [Received, February 22nd, 1940.] 





122. Studies in the Sterol Group. Part XL. The Bromination of 
7-Ketocholesteryl Acetate. 
By H. Jackson and E. R. H. Jones. 


5 : 6-Dibromo-7-ketocholestanyl acetate and 3 : 4: 6-tribromo-7-keto-A5-cholestene have 
been prepared and characterised. The effect of substituent bromine atoms upon the 
light absorption of steryl ketones is briefly discussed. 


As a continuation of a study of the bromination of steroid ketones (Heilbron, Jones, and 
Spring, J., 1937, 801; Heilbron, Jackson, Jones, and Spring, J., 1938, 102; Barr, Heilbron, 
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Jones, and Spring, ibid., p. 334; Jackson and Jones, ibid., p. 1406) in attempts to obtain 
unsaturated comhpounds suitable for aromaticisation to steryl analogues of the cestrogenic 
hormones, we have now examined the products obtained by the bromination of 7-keto- 
cholesteryl acetate (7-keto-3-acetoxy-A®-cholestene) (I). In the presence of excess brom- 
ine, 5 : 6-dibromo-7-ketocholestanyl acetate (II), m. p. 146—147° (decomp.), separates after 
an hour from a saturated solution. Its ready reconversion into the unsaturated keto- 
acetate (I) with potassium iodide in acetone proves its constitution. In this behaviour 
and in its absorption spectrum (the ketone band being displaced to longer wave-lengths by 
the adjacent bromine atom), the dibromide resembles 4 : 5-dibromo-6-ketocholestanyl 
acetate (Jackson and Jones, Joc. cit.), but it is considerably more stable than the latter, and 
attempts to prepare an unsaturated monobromide were not so successful as in the latter 
case. Treatment with anhydrous potassium acetate in boiling acetic acid yielded a bromo- 
compound which could not be obtained analytically pure, but its absorption maxima at 
about 2400 and 3200 a. (Ej%,. 110 and 1-4 respectively) suggested that the impure unsatur- 
ated bromo-ketone had been obtained. Elimination of hydrogen bromide from 6: 6’- 
dibromo-7-ketocholestanyl acetate (III) (Barr, Heilbron, Jones, and Spring, Joc. cit.) 
suggested itself as a possible route to the unsaturated monobromide, but intractable gels 
were obtained in numerous reactions and with boiling dimethylaniline reduction occurred 
to yield the saturated keto-acetate (IV). Such reductions of bromo-ketones with basic 
reagents have been observed previously (Butenandt, Schramm, and Kudszus, Amnalen, 
1937, 581, 192; Jackson and Jones, loc. cit.) and as a further example we now record the 
isolation of 6-ketocholestanyl acetate from the product obtained by dimethylaniline treat- 
ment of 7-bromo-6-ketocholestanyl acetate (Heilbron, Jones, and Spring, Joc. cit.). When 
treated in a similar manner, the dibromide (II) yielded 7-keto-A*:5-cholestadiene (oxy- 
cholesterylene) (V), reduction being accompanied by elimination of acetic acid. This 
keto-diene (V) has previously been obtained in poor yield (Mauthner and Suida, Monatsh., 
1896, 17, 596) by hydrolysis of 7-ketocholesteryl acetate (I) with alcoholic potassium hydr- 
oxide. We now find that this removal of acetic acid can be rapidly effected in almost quan- 
titative yield simply by treatment of (I) with a hot acetic acid solution of hydrogen bromide. 
The dibromide (II) under similar conditions fails to yield any homogeneous product. 

The bromination of 7-ketocholesteryl acetate (I) to products other than the dibromide 
(II) presented considerable difficulty and it was not until the reaction was carried out in 
dilute solution at 30° that a homogeneous crystalline product, an unsaturated tribromide, 
decomposing at about 143°, was isolated, for which we suggest the constitution 3 : 4 : 6- 
tribromo-7-keto-A5-cholestene (VI). That this tribromide is an «f-unsaturated ketone was 
revealed by its absorption spectrum (figure), and analysis immediately indicated that 
removal of the acetyl group had accompanied the bromination. We have ascertained 
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that the elimination of the acetyl group from 7-ketocholesteryl acetate (I) takes place 
under conditions similar to those obtaining during the preparation of the tribromide, since 
a good yield of 7-keto-A*:5-cholestadiene (V) was produced by the action of hydrogen 
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bromide in acetic acid on the unsaturated ketone at 37°. Attempts to isolate further pro- 
ducts of the bromination reaction were ineffective, variations in the optimum experimental 
conditions recorded resulting in the production of the dibromide (II), the tribromide (VI) 
or of unresolvable mixtures, the experimental difficulties being enhanced by the ready 
decomposition of the tribromide in hot solvents. 

Elimination of hydrogen bromide from the tribromide (VI) was smoothly effected in 
almost quantitative yield by treatment either with a solution of silver nitrate in pyridine 
(Dane, Wang, and Schulte, Z. physiol. Chem., 1936, 245, 80) or with anhydrous potassium 
acetate in acetic acid at 100°, to yield 4 : 6-dibromo-7-keto-A*:*-cholestadiene (VIII), m. p. 
189—190°. A poorer yield of this diethenoid dibromide was also obtained by heating the 
tribromide under reflux with dimethylaniline. Further insight into the structure of these 
unsaturated bromides was gained when the tribromide (VI) was treated with potassium 
iodide in boiling acetone. The ease with which bromine is removed from the tribromide 
in this way provides evidence that two of the bromine atoms are situated on adjacent 
carbon atoms, which must be C, and C,. The 6-bromo-7-keto-A*:5-cholestadiene (VII), m. p. 
117°, so obtained is resistant to all attempts further to remove bromine. For example, 
it is not reduced with zinc dust in either boiling methyl alcohol or hot acetic acid, and is 
recovered unchanged after three hours’ boiling with dimethylaniline, and attempts to 
reproduce the tribromide by addition of bromine were unsuccessful. The possibility of 
the alternative constitution, 8-bromo-7-keto-A*:5-cholestadiene (IX), for the mono- 
bromide, m. p. 117° (VII), and corresponding formule for the unsaturated polybromides 
cannot be dismissed on the available experimental evidence, but a number of factors com- 
bine to suggest that such a constitution is highly improbable. Thus, the results described 
here with 7-ketocholesteryl acetate are closely analogous to those obtained on bromination 
of A*-cholestenone (3-keto-A‘-cholestene) (for summary see Butenandt, Schramm, and 
Kudszus, Joc. cit.) in which no bromination in the 2-position was observed. Further, no 
evidence of substitution in the 8-position was revealed in a study of the bromination of 
7-ketocholestanyl acetate (IV) (Barr, Heilbron, Jones, and Spring, Joc. cit.). 

The absorption spectrum of the diethenoid monobromide (VII) is comparable (see 
figure) with that of 7-keto-A*:5-cholestadiene (V), and also with that of 3 : 17-diketo-A*:®- 
androstadiene (X) (Ruzicka and Bosshard, Helv. Chim. Acta, 1937, 20, 329), being typical 
of a carbonyl group conjugated with a diene system where the ethylenic linkages are in 
different rings. Where the two linkages are situated in the same ring, as in 6-keto-3- 
acetoxy-A?:4-cholestadiene (Heilbron, Jackson, Jones, and Spring, loc. cit.), a displacement 
of some 300—400 A. towards longer wave-lengths is observed, a characteristic property 
of such systems. The dibromide (VIII) exhibits a main absorption maximum at 3030 A. ; 
this displacement from the normal value by about 200 A. is to be attributed to the effect 
of the substituent bromine atoms. Similar observations have been made by Butenandt, 
Schramm, and Kudszus cy cit.) with 4: 6-dibromo-3-keto-A‘:*-cholestadiene (XI) 
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[maximum (chloroform), 2970 A.; log «* = 4-3] and to a greater extent with the tribromide 
(XII) [maximum (chloroform), 3130 4.; log « = 4:24], and 6-ethoxy-3-keto-A*:*-chole- 
stadiene also shows a marked displacement to 30004. The displacement of the low 
intensity absorption band due to the carbonyl group by an a-bromine atom has frequently 
been observed and several examples of this phenomenon in the sterol series have been 
recorded (Barr, Heilbron, Jones, and Spring, Joc. cit.). It now appears that this displace- 


* Butenandt, Schramm, and Kudszus (loc. cit.) record intensity data as K (mm.—') for 0-02% 
solutions. These intensities have been converted into « values by means of the relation « = K xX 
molecular weight/concentration x 2-3. 
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ment effect persists in the modified carbonyl band of «$-unsaturated ketones when the 
broming atoms are adjacent to the chromophoric group. 


Supplementary maximum, A. 
6-Keto-3-acetoxy-A*-cholestene .........sssseesesseeseeees 3200 
4-Bromo-6- -keto-3-acetoxy-A‘-cholestene edcenecescoose 3350 
7-Keto-A*:5-cholestadiene (V)_... bedidbedscs 3250 
6-Bromo-7-keto-A*:5-cholestadiene (Vi Il) . eo ccceee 3440 


EXPERIMENTAL. 


5 : 6-Dibromo-7-ketocholestanyl Acetate (II).—A solution of 7-ketocholesteryl acetate (4 g.) in 
acetic acid (25 c.c.) at 60° was treated with a cold solution of bromine in acetic acid (50 c.c.; 
10%); 5: 6-dibromo-7-ketocholestanyl acetate (3 g.) separated after an hour and was twice 
recrystallised from acetic acid, forming fine needles, m. p. 146—147° (decomp.) (Found : C, 57-4; 
H, 8-1. C,sH,,O,;Br, requires C, 57-7; H, 7:8%). Light absorption in alcohol: Maximum, 
3140 4.; log « = 2-2. 
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7-Ketocholesteryl Acetate from the Dibromide.—The dibromide (1 g.) was added to a mixture 
of potassium iodide (2 g.) and boiling acetone (50 c.c.). Iodine was liberated instantaneously 
and after 1 minute’s boiling, the solution was diluted with water until cloudy; 7-ketocholesteryl 
acetate then separated in large plates, m. p. 153—154°, giving no depression when mixed with 
an authentic specimen. 

Treatment of 6: 6'-Dibromo-1-ketocholestanyl Acetate (III) with Dimethylaniline.—The di- 
bromide (800 mg.) was heated under reflux with dimethylaniline (15 c.c.) for 3 hours. The 
cooled solution after dilution with ether was washed with dilute hydrochloric acid and water; 
the residue obtained from the dried ethereal solution on evaporation crystallised from methyl 
alcohol in plates of 7-ketocholestanyl acetate (200 mg.), m. p. 140—141°, alone and in admixture 
with an authentic specimen. 

Treatment of 7-Bromo-6-ketocholestanyl Acetate with Dimethylaniline.—A solution of the 
bromide (500 mg.) in dimethylaniline (10 c.c.) was heated under reflux for 2 hours. Isolation of 
the product in the usual manner gave 6-ketocholestanyl acetate (250 mg.), m. p. 128°, undepressed 
on admixture with an authentic specimen (Found: C, 78-6; H, 10-5. Calc. for C,,H,,O,: 
C, 78-3; H, 10-8%). Hydrolysis yielded 6-ketocholestanol, m. p. 139—140°, which gave the 
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benzoate as prisms, m. p. 170—171°, from methyl alcohol—acetone (Found: C, 80-4; H, 9-6. 
Calc. for Cy,H5,0,: C, 80°6; H, 9-9%). 

7-Keto-A3'5-cholestadiene (V).—(a) A solution of the dibromide (800 mg.) in dimethylaniline 
(10 c.c.) was heated under reflux for 2 hours. The residual oil, isolated as above, was taken up 
in ether—methyl alcohol; at 0° crystals slowly separated. Repeated crystallisation from methyl 
alcohol gave 7-keto-A**-cholestadiene, m. p. 106—107°, undepressed on admixture with 
authentic material. Light absorption in alcohol (cf. figure) : Maximum, 2800 a.; log « = 4:43. 

(b) A mixture of the keto-acetate (1 g.), acetic acid (30 c.c.), and a solution of hydrogen 
bromide in acetic acid (2-5 c.c.; 50%) was heated under reflux for 10 minutes. 7-Keto-A*‘5- 
cholestadiene (600 mg.), m. p. 111—112°, was isolated by dilution with water and crystallisation 
of the product from methyl alcohol. A similar yield of the keto-diene was obtained when the 
same mixture was kept at 37° for 15 hours. No depression in m. p. was observed with either 
specimen mixed with authentic material. 

3: 4: 6-Tvibromo-7-keto-A5-cholestene (V1).—To a solution of 7-ketocholesteryl acetate (2 g.) 
in acetic acid (35 c.c.), solutions of hydrogen bromide in acetic acid (0-2 c.c.; 50%) and bromine 
in acetic acid (5 c.c.; 5%) were added and the mixture was heated to 30°. When decolorisation 
was complete, bromine in acetic acid (43 c.c.; 5%; 3 mols. in all) was added, and the solution 
kept at 30° in a thermostat for 60 hours. The separated crystalline material was dissolved in 
the minimum volume of chloroform, and acetic acid rapidly added; 3: 4: 6-tribromo-7-keto-A‘- 
cholestene (1 g.) then separated in fine needles, which were washed with methyl alcohol. The 
tribromide decomposed at about 143°, the exact temperature varying considerably with the 
rate of heating. A mixture with the saturated dibromide, m. p. 146—147°, decomposed at 
about 120° (Found: Br, 38-6, 38-7. C,,H,,OBr, requires Br, 38-6%). 

4 : 6-Dibromo-7-keto-A**5-cholestadiene (VIII).—(a) A mixture of the tribromide (600 mg.), 
freshly fused potassium acetate (1 g.), and acetic acid (25 c.c.) was heated on the steam-bath 
for an hour. The solid (500 mg.), m. p. 175—180°, obtained on addition of water was crystal- 
lised from aqueous acetone and then twice from dilute acetic acid, from which 4 : 6-dibromo-T7- 
keto-A**5-cholestadiene separated in hair-like needles, m. p. 189—190°. For analysis the 
specimen was dried in a high vacuum for 3 hours at 100° (Found: C, 60-1; H, 7-8; Br, 29-1. 
C,,H, OBr, requires C, 60-0; H, 7-5; Br, 29-6%). 

(b) The tribromide (100 mg.) was dissolved in a solution of silver nitrate in pyridine (65 c.c. ; 
10%), and the mixture set aside for 30 hours at 15°. After treatment with water and extraction 
with ether the ethereal solution was washed with dilute hydrochloric acid and water, dried, and 
evaporated. Recrystallisation of the residual solid from dilute acetic acid yielded the unsaturated 
dibromide (50 mg.), m. p. 189—190° both alone and in admixture with a specimen prepared by 
method (a). 

6-Bromo-7-keto-A**5-cholestadiene (VII).—The tribromide (2 g.) was added to a mixture of 
potassium iodide (4 g.) and acetone (80 c.c.) at the b. p., and the mixture boiled for a further 
minute. On cooling after careful addition of water, crystalline material was obtained, which 
on recrystallisation from aqueous acetone yielded 6-bromo-7-keto-A**5-cholestadiene (1 g.) in 
long, pale yellow needles, m. p. 117°, unaltered by three further recrystallisations. The bromide 
gradually decomposed on keeping, but was unaffected by heating with pyridine or dimethy]l- 
aniline for 3 hours (Found: C, 70-3, 70-2; H, 9-0, 9-1; Br, 17-7. C,,H,,OBr requires C, 70-2; 
H, 9-0; Br, 17-3%). 


Our thanks are due to Professor I. M. Heilbron, D.S.O., F.R.S., for his interest in this work, 
to the Rockefeller Foundation for a grant, and to Dr. A. E. Gillam and Mr. R. H. Kerlogue for 
the spectrographic data. 
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123. The Mercuration of some Simple Derivatives of y-Pyrone. 


By J. RoBert Fires and FREDERICK CHALLENGER. 


The mercuration of y-pyrone, dimethylpyrone and four hydroxy~y-pyrones, 
meconic acid, comenic acid, pyromeconic acid and kojic acid has been studied. The 
parent substance gives a dichloromercuri-derivative, and dimethylpyrone yields what 
is apparently a trichloromercuri-compound. The hydroxy~y-pyrones readily yield 
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the anhydrides of mono-hydroxymercuri-derivatives, mercury entering the position 
ortho- to the hydroxyl group. These anhydrides are readily convertible into the 
corresponding chloromercuri-derivatives. Pyromeconic acid forms a dichloromercuri- 
derivative, which appears to contain an oxymercuri-group, together with a true 
mercurated (chloromercuri-) group. The behaviour of the hydroxy-y-pyrones on 
mercuration resembles that of the phenols, and treatment of the products with aqueous 
sodium iodide or sodium sulphide results in elimination of mercury. The mercuration 
of meconic acid is accompanied by decarboxylation, giving a derivative of comenic 
acid. The mercurated derivatives of comenic acid and pyromeconic acid are readily 
converted into known bromo-compounds. lIodopyromeconic acid is also obtained, 
thus establishing the position of the iodine atom. Almost allthese mercurated products 
are amorphous, insoluble, infusible solids. 


THE interaction of y-pyrone and dimethylpyrone with mercuric chloride was investigated 
by Willstatter and Pummerer (Ber., 1904, 37, 3747) and by Gomberg and Cone (Amnalen, 
1910, 376, 226) respectively. The resulting compounds were addition products. No other 
instances of the action of mercury salts on simple y-pyrones are recorded. Information 
regarding the behaviour of «-pyrones is also scanty. Sen and Chakravarti (J. Indian 
Chem. Soc., 1929, 6, 847) and Naik and Patel (J., 1934, 1043) have, however, obtained 
mercurated derivatives from coumarin. This communication describes the mercuration 
of y-pyrone and five simple derivatives in aqueous solution. In each case a carbon- 
mercury link is established. The products are invariably very sparingly soluble, decompose 
below their m. p.’s and are either compounds of the type RHgX or anhydrides. Mercurated 
derivatives of hydroxy-y-pyrones may be purified by solution in dilute alkali and re- 
precipitation with acids. They are therefore not mercuric chloride addition products, 
such compounds being decomposed by this treatment. 

y-Pyrone with mercuric acetate gives a solid which with dilute hydrochloric acid yields 
a dichloromercuri-y-pyrone. Warm hydrochloric acid liberates mercuric chloride from 
this and similar compounds. 

Dimethylpyrone with mercuric chloride and sodium acetate gives a trichloromercuri- 
derivative. This involves substitution in a methyl group. Such substitution by sodium 
was observed by Schorigin (Ber., 1910, 43, 1941) when diethylmercury and sodium (ethyl- 
sodium) were heated with o- or #-xylene, mesitylene or p-cymene. 

Meconic acid (I) with mercuric chloride and sodium acetate, gives hydroxymercuricomenic 
anhydride, carbon dioxide and some calomel. The pure anhydride is obtained by the use of 
mercuric oxide at 100°. No mercuri-bis-comenic acid is produced, although mercury 
2:4: 6-trinitrobenzoate gives bis-2 : 4 : 6-trinitrophenylmercury on heating (Kharasch, 
J. Amer. Chem. Soc., 1921, 43, 2238). 
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When.the anhydride is treated with hydrochloric acid, chloromercuricomenic acid (III) 
is produced. Bromine converts this into 2-bromocomenic acid (How, Amnalen, 1851, 
80, 85), which by the Fischer-Speier method gives ethyl 2-hydroxycomenate (see Reib- 
stein, J. pr. Chem., 1881, 24, 286; Mennel, ibid., 1882, 26, 471). 

Mercuration of comenic acid (II) is effected by mercuric acetate and by the chloride and 
sodium acetate, without evolution of carbon dioxide, giving hydroxymercuricomenic 
anhydride, which is thus obtained from both meconic and comenic acids. It is therefore 
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the carboxyl group in position 2 of meconic acid which is lost during mercuration. This 
is in agreement with the conversion of meconic into comenic acid on boiling with hydro- 
chloric acid (Meyer, Monatsh., 1905, 26, 1328). 

Loss of carbon dioxide during mercuration frequently occurs. Furan-a-carboxylic 
acid with hot aqueous mercuric chloride is decarboxylated to furan without mercuration, 
as is meconic to comenic acid (see p. 666), but with sodium acetate 2-chloromercurifuran is 
formed (Gilman and Wright, J. Amer. Chem. Soc., 1933, 55, 3303). 

Benzoic and phthalic acids both give hydroxymercuribenzoic anhydride (Pesci, Atti R. 
Accad. Lincet, 1901, 10, i, 362; Dimroth, Ber., 1902, 35, 2870). Whitmore and Culhane 
(J. Amer. Chem. Soc., 1929, 51, 602) proved that with nitrophthalic acid decarboxylation 
precedes mercuration. Salicylic acid also gives a mercurated anhydride (Dimroth, loc. cit., 
p. 2872). 

With pyromeconic acid mercuric acetate gives a product which appears to be the 
anhydride of hydroxymercuripyromeconic acid. Thisis probably also formed by the glycerol— 
bicarbonate-mercuric chloride reaction, the product of which gives monochloromercuri- 
pyromeconic acid (IV) with hydrochloric acid. Mercuric chloride and sodium acetate 
yield a product (V) having the composition of a dichloromercuripyromeconic acid. One 
of the chloromercuri-groups i is removed by sodium hydroxide, or by dilute hydrochloric 
acid and is therefore probably linked through oxygen. The chlorine content of (V) excludes 
the possibility that it contains a co-ordinated molecule of mercuric chloride. Oxychloro- 
mercuri-derivatives were obtained by Neogi and Chatterji (J. Indian Chem. Soc., 1928, 
5, 222) from catechol or quinol by the glycerol-bicarbonate method. Dimroth (loc. cit., 
p. 2865), using other conditions, obtained C—Hg derivatives from resorcinol. 

Replacement of the chloromercuri-group in (IV) by bromine yields 2-bromopyromeconic 
acid (Brown, Annalen, 1852, 84, 41; Compagno, Atti R. Accad. Lincet, 1908, 17, i, 73), 
thus establishing the position of the mercury atom. With iodine, the ?-iodopyromeconic 
acid first prepared by Brown (Annalen, 1854, 92, 321) is obtained. The iodine must 
therefore be attached in the 2-position. , 

Kojic acid (VI) with mercuric chloride and sodium acetate or glycerol-bicarbonate gives 
hydroxymercurikojic anhydride. The position of the chloromercuri-group in the corre- 
sponding chloromercurikojic acid (VII) has not been determined, but analogy with pyro- 
meconic acid suggests position 2. The molecular weights and therefore the structures 
of the mercuri-anhydrides derived from pyromeconic and kojic acids are unknown. The 
o-chloromercuri-derivatives of phenol and #-cresol, when dissolved in sodium hydroxide 
and treated with carbon dioxide, also yield anhydrides. #-Caloromercuriphenol behaves 
rather differently (Dimroth, Ber., 1899, 32, 764; 1902, 35, 2858). 

The mercuri-anhydrides described in this communication, like those of benzoic, phthalic 
and salicylic acids, are formed spontaneously without the use of alkali. 

The action of sodium iodide on RHgCl may proceed according to three different 
equations: (1) RHgCl+ Nal = RHgI+ NaCl; (2) 2RHgCl+ 4Nal = R,Hg + 
Na,HgI,-+ 2NaCl; (3) RHgCl + 4NaI + H,O = RH + Na,Hgl, + NaCl + NaOH. 
Reaction (3) is particularly associated with mercurated phenols, in which case Whitmore 
and Middleton (J. Amer. Chem. Soc., 1921, 48, 619) were able to titrate the sodium 
hydroxide (see also Naik and Patel, Joc. cit., p. 1046). The corresponding acetylated 
compounds did not react with sodium iodide (see Whitmore, ‘“‘ Organic Compounds of 
Mercury,” Chemical Catalogue Company, 1921, p. 256). 

Excess of sodium iodide with hydroxymercuricomenic anhydride gives sodium comenate 
according to equation (3). Chloromercuricomenic acid and sodium iodide should therefore 
react thus: C;HO,(OH)(CO,H)-HgCl + 4NaI + H,O = C;H,O,(OH)(CO,Na) + Na,Hegl, 
+ NaCl+H,O. This was confirmed by titration of the acidic hydrogen atom (represented 
as being in the hydroxyl group) of the sodium comenate with sodium hydroxide (compare 
Verkade, Rec. Trav. chim., 1924, 43, 882). 

According to equation (1) or (2) one molecule of chloromercuricomenic acid would give 
two equivalents of acid in the form of iodomercuricomenic acid or mercuri-bis-comenic acid. 
The reaction of chloromercuripyromeconic acid and chloromercurikojic acid with sodium 
iodide also follows equation (3), as shown by titration of the sodium hydroxide liberated. 
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Sodium sulphide can convert RHgCl into R,Hg, thus: (4) 2RHgCl + Na,S —> 
(RHg).S —> R,Hg + HgS. The reaction (5) RHgCl + Na,S + H,O = RH + HgS + 
NaCl + NaOH may also occur (see Otto, Annalen, 1870, 154, 191; Challenger and Miller, 
J., 1939, 1006). With sodium chloromercuricomenate (2 mols.) and sodium sulphide 
(1 mol.), mercuri-bis-comenic acid is not formed, although approximately half the mercury 
is eliminated. The reaction appears to be mainly: (5a) C;HO,(ONa)(CO,Na)-HgCl + 
Na,S + H,O = C;H,O0,(ONa)(CO,Na) + NaCl + NaOH + HgS. Unchanged sodium 
salt is detected as chloromercuricomenic acid on acidification. 

With free chloromercuricomenic acid (2 mols.) and sodium sulphide (1 mol.), the equation 
(5b) is followed : 2C;HO,(OH)(CO,H)-HgCl + Na,S + H,O = C;HO,(OH)(CO,H)-HgOH 
(probably as anhydride) + C;H,O,(OH)-CO,H + HgS + 2NaCl. This is shown by 
titration of the comenic acid and the chloride ion. With equimolecular proportions of 
the reactants all the mercury is eliminated (equation 5). 

Chloromercurikojic acid (2 mols.) and sodium sulphide (1 mol.) give kojic acid and 
mercuric sulphide representing slightly under 50% of that required by (5); much mercur- 
ated kojic acid is recovered. With equimolecular proportions, equation (5) is closely 
obeyed. 


EXPERIMENTAL. 


(1) y-Pyvone.—With mercuric chloride alone or in presence of sodium acetate or glycerol 
and sodium bicarbonate, only a trace of precipitate was formed at room temperature. On 
warming with mercuric chloride and sodium acetate, reaction was more rapid but the precipitate 
contained calomel. Mercuration was finally effected by warming y-pyrone (1 g.) in water 
(50 c.c.) with mercuric acetate (3-2 g.) in dilute acetic acid (80 c.c.) for 4 hours at 100°. The 
resulting cream-coloured solid (A; 1-5 g.) was insoluble in organic solvents. Aqueous ammonia 
or sodium hydroxide had no action in the cold; boiling sodium hydroxide solution gave 
mercurous oxide, probably due to complete decomposition. Sodium sulphide formed mercuric 
sulphide. When triturated with dilute hydrochloric acid, (A) became white and more granular, 
giving a dichloromercuri~y-pyrone closely resembling the acetoxymercuri-compound (A) [Found : 
Hg, 70-0; Cl, 12-2. A second preparation gave Hg, 70-5; Cl, 12-2. C,;H,O,ClHg requires 
Hg, 60-6; Cl, 10-7. C,;H,O,(CIHg), requires Hg, 70-6; Cl, 12-5%]. 

(2) Dimethylpyrone.—When the addition product with mercuric chloride (Gomberg and 
Cone, loc. cit.) was heated alone, no mercuration occurred but dimethylpyrone sublimed. It 
was unchanged when 0-5 g. was heated with water (15 c.c.) at 100° for several days. On long 
heating of dimethylpyrone with aqueous mercuric chloride or acetate some calomel separated. 
No mercuration could be detected by the mercuric chloride-sodium bicarbonate—glycerol 
method. 

When dimethylpyrone (1 g.), mercuric chloride (6-5 g.; 3 mols.), and sodium acetate (3-3 g. ; 
3 mols.) were dissolved in water (40 c.c.), the crystalline dimethylpyrone mercurichloride first 
separated, but dissolved on warming, being gradually replaced by a white solid. After 9 hours 
this was removed (2 g.). It was insoluble in organic solvents and in aqueous ammonia (no 
blackening). Sodium hydroxide gave yellow mercuric oxide after a few minutes in the cold, 
this behaviour strikingly differentiating the product from dimethylpyrone mercurichloride, 
which reacts immediately. The substance turned yellow at 170° and charred at about 200° 
without melting, but owing to its insolubility could not be purified [Found: Hg, 72-0, 72-2, 
73-0, 73-4; Cl, 11-4, 11-2. C,H,O,(ClHg), requires Hg, 72-6; Cl, 12-8%. C,H,O,(ClHg),,HgCl, 
requires Hg, 69-6; Cl, 16.4%]. Most of these analyses were carried out with different prepar- 
ations. 0-5 G. of this product was boiled with water (50 c.c.) for 1} hours. The mercury 
content fell only from 72-2 to 71-4%. This experiment and the figures for Cl indicate the 
probable absence of addition products of mercuric chloride. Attempts to obtain a mono- 
mercurated compound by using equimolecular amounts of the three reagents gave the same 
product as before (Found : Hg, 72-8%). This was also obtained (0-25 g.) on warming dimethyl- 
pyrone mercurichloride (2 g.) with sodium acetate (0-7 g.; 1 mol.) in water (50 c.c.) for 12 hours 
(Found: Hg, 73-0%). 

(3) Meconic Acid.—With mercuric chloride (2-7 g.) in water (250 c.c.), meconic acid (2-54 g.) 
gave only a trace of calomel after 2 days at room temperature. At 100° carbon dioxide was 
evolved and calomel deposited. After 6 hours this was separated. Evaporation of the filtrate 
and extraction of the residue with hot alcohol to remove mercuric chloride and meconic acid left 
a brown solid (1 g.), which was identified as comenic acid by conversion into the ethyl ester 
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(Reibstein, loc. cit., p. 277), m. p. 127° and mixed m. p. 126-5° with ethyl comenate (m. p. 127°). 
Some carbon dioxide was evolved when the above quantities of meconic acid and water were 
heated alone for 6 hours. 

Comenic acid would therefore appear not to be mercurated by aqueous mercuric chloride 
and this was confirmed in a separate experiment, only calomel being produced on heating. 

Mercuvation of meconic acid. Meconic acid (50 g.) in water (1000 c.c.) was warmed at 
100°, mercuric chloride (108 g.) added, and the liquid filtered to remove any calomel. Sodium 
acetate (73 g.) in water (200 c.c.) was then added to the warm, well-stirred solution. Carbon 
dioxide was vigorously evolved and a cream-coloured precipitate (B) formed.” After 4 hours’ 
heating, by which time gas evolution had ceased, this was filtered off and washed with much 
hot water. Yield, 45 g. (Found: Hg, 50-5%). A further 10 g., obtained on adding more 
sodium acetate to the filtrate, was contaminated with a yellow basic product and was discarded. 
The main product was stirred with water (1000 c.c.) and dissolved by gradual addition of 
saturated aqueous sodium carbonate. About 2 g. of a black solid, presumably mercurous 
oxide, remained. The sodium salt of the mercurated product was sparingly soluble in excess 
of sodium carbonate, separating as a gelatinous solid on cooling. _The warm solution was 
acidified with acetic acid, giving a gelatinous precipitate which, although difficult to manipulate, 
was well washed and dried (C). Bright sunlight caused some decomposition with formation 
of mercurous compounds. Chlorine was absent and therefore, presumably also from the 
original deposit (B). The solid (C) was shown to be a derivative of comenic acid by suspension 
(13-5 g.) in water (100 c.c.) and removal of mercury by hydrogen sulphide. Filtration and 
evaporation gave a residue (5-1 g.), which was converted into the ethyl ester as before, m. p. 
and mixed m. p. 127°. 

Ethyl meconate was found to melt at 157° (How, Annalen, 1852, 88, 358, gives m. p. 158°) 
and at 117—119° in admixture with ethyl comenate. 

The remainder of (B) was dried to constant weight at 115° without apparent decomposition 
(Found: Hg, 54-4, 54-5; Na, 1-1; CH,°CO-O, 2-8. C,H,O,*Hg*O-CO’CH, requires Hg, 48-1%. 
C,H,O,*Hg’OH requires Hg, 53°8%. C,H,O,Hg requires Hg, 56-5%). 

These results suggest that (B) consists mainly of hydroxymercuricomenic acid, or its 
anhydride, together with a little of the acetoxymercuri-compound in the form of its sodium 
salt. Alternatively sodium acetate may be present. An attempt to convert it completely 
into acetoxymercuricomenic acid with glacial acetic acid failed,* although the percentage of 
acetoxyl rose (Found: Hg, 52-7; CH,*CO-O, 6-0%). 

A product resembling (B) was obtained from meconic acid or its sodium salt and mercuric 
acetate (1 mol.). Carbon dioxide was evolved, especially on warming; the precipitate was 
dissolved in sodium carbonate to remove traces of mercurous salt and reprecipitated by acetic 
acid (Found: Hg, 54-7, 54-4, 55-0. C,H,O,Hg requires Hg, 56-5%). When sodium meconate 
and mercuric chloride were warmed in aqueous solution, the product contained no chlorine 
and appeared to be the hydroxymercuricomenic anhydride (B). 

Meconic Acid and Mercuric Oxide. Preparation of Hydroxymercuricomenic Anhydride free 
from Sodium Acetate——Mercuric chloride (2-7 g.) was converted into the oxide, which was 
washed six times by decantation and added to a warm solution of meconic acid (5 g:) in water 
(100 c.c.). Carbon dioxide was at once evolved, and the usual cream-coloured precipitate 
formed. Heating at 100° was continued till a test portion was soluble in sodium carbonate 
solution. Yield, 4 g. [Found: Hg, 57-0, 56-3. C,H,O,Hg requires Hg, 56-5. (C,H,O;),Hg 
requires Hg, 39-3%]. Mercuri-bis-comenic acid is, therefore, not produced. 

Chloromercuricomenic Acid.—The slightly impure anhydride (B) gave comenic acid with 
hot n-hydrochloric acid, but when 4 g. were added to 100 c.c. of n/5-acid (cooled in ice and well 
stirred), a white solid formed. This was separated, washed with water containing a few drops 
of dilute hydrochloric acid, and dried over potassium hydroxide (Found: Hg, 51-1, 51-1; 
Cl, 9-1. A second preparation gave Hg, 51-0; Cl, 8-8. C,H,O,ClIHg requires Hg, 51-3; 
Cl, 9-1%). 

Chloromercuricomenic acid, like other B-hydroxy~y-pyrones, turns red in presence of traces 
of iron. It is insoluble in water and most solvents, but slightly soluble in hot alcohol from 
which it separates in crystals. Some decomposition occurs, however, the solution becoming 
acid owing to anhydride formation. 

Chloromercuricomenic Acid and Bromine. Orientation of the HgCl Group.—Chloromercuri- 
comenic acid (1 g.) was finely powdered and suspended in water (15 c.c.), and bromine water 
added drop by drop until solution was almost complete, excess of bromine being avoided. 
The filtered solution deposited iridescent needles (0-4 g.), which after crystallisation once from 
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water and twice from alcohol decomposed at 189° without melting. An authentic specimen of 
2-bromocomenic acid decomposed at 191°. 0-2 G. of the bromo-acid was esterified by the 
Fischer-Speier method. The product after crystallisation from alcohol and then from water 
was bromine-free and had m. p. 200—201° and mixed m. p. 202—203° with authentic ethyl 
2-hydroxycomenate (m. p. 203°). It gavea fine blue colour with ferric chloride. Feist (Ber., 
1905, 38, 3572) and Tickle and Collie (J., 1902, 81, 1006) showed that 2: 3-dihydroxy-y- 
pyrones give a blue or violet colour with ferric chloride. 

Sodium Iodide and Hydroxymercuricomenic Anhydride.——The anhydride on long boiling 
with sodium iodide in acetone or alcohol gave a yellow insoluble solid which was free from 
mercury and soluble in water. Acidification gave comenic acid, identified as before. Sodium 
comenate is yellow. 

Sodium Iodide and Chloromercuricomenic Acid.—The acid (0-3404 g.) was boiled with aqueous 
sodium iodide (1 g. in 50 c.c.) for 20 minutes. The clear solution was cooled and titrated with 
n/10-sodium hydroxide and phenolphthalein (Found: 8-6 c.c. corresponding to 0-98 equiv. 
of comenic acid). Verkade (loc. cit.) titrated comenic acid with sodium hydroxide and thymol- 
phthalein, obtaining 78-4 for the equivalent. We used phenolphthalein, obtaining 78-8 and 
78-7 (calc. for comenic acid, 78-0). 

Sodium Sulphide and Chloromercuricomenic Acid.—A solution of the acid (2 mols.) in the 
calculated amount of N-sodium carbonate was filtered from traces of mercurous oxide, treated 
with freshly prepared and standardised aqueous 1% sodium sulphide (1 mol.), diluted to 100 c.c., 
and warmed. Mercuric sulphide was immediately precipitated and in 2 minutes the filtered 
solution was free from sulphide ions. The HgS represented 51% of the total mercury. 
Acidification of the filtrate with very dilute hydrochloric acid gave an almost white precipitate 
of chloromercuricomenic acid [Found: Hg, 50-8. Calc. for C,H,0,CIHg: Hg, 51-3. Calc. 
for (C,H,O,),Hg: Hg, 39-2%]. 

In similar experiments with sodium sulphide but omitting the sodium carbonate, the 
liberated comenic acid was titrated as before and the chloride ion also determined (Found : 
comenic acid, 0-97 mol.; Cl, corresponding to 98-4% of.the 2 mols. of NaCl required by 
equation 5b, p. 666). 

Equimolecular proportions of sodium sulphide and chloromercuricomenic acid being used, 
the total mercury was determined (Found: HgS, 103% of the theoretical). The high result is 
probably due to the presence of a trace of unattacked chloromercuricomenic acid. 

(4) Mercuration of Comenic Acid.—The acid, mercuric chloride, and sodium acetate were 
mixed in the molecular proportions of 1: 1:2 and 1:4: 8 (a) in the cold and (b) at 100°. A 
similar precipitate, having no m. p. (presumably hydroxymercuricomenic anhydride), was 
obtained in each case. No carbon dioxide was evolved. 

Comenic acid (1-3 g.) in n-sodium hydroxide (8-5 c.c.) and water (10 c.c.) was added to 
mercuric acetate (2-6 g.) in 10% acetic acid (40 c.c.), and the mixture warmed. No carbon 
dioxide was evolved. The precipitate was dissolved in aqueous sodium carbonate and 
reprecipitated with acetic acid after filtration. The crude anhydride after repeated washing 
with dilute acetic acid still contained traces of sodium (Found: Hg, 54:9. C,H,O,Hg requires 
Hg, 56-5%). 

i Acid.—Two separate preparations of the crude anhydride were 
converted into the chloride as before; both products were analysed (Found: Hg, 51-7, 51-8, 
51-2; Cl, 8-7, 9-4. Calc. for C,H,0,CIHg: Hg, 5163; Cl, 9-1%). 

(5) Mercuration of Pyromeconic Acid.—(1) In presence of glycerol. Chloromercuripyromeconic 
acid. Pyromeconic acid (5 g.; 1-2 mols.) and mercuric chloride (12 g.; 1 mol.) were dissolved 
in warm water (150 c.c.), and a saturated solution of sodium bicarbonate (4 g.; 1 mol.) and 
glycerol (8 c.c.) added. The resulting precipitate (probably the anhydride of hydroxymercuri- 
pyromeconic acid) was separated, and a further quantity obtained on addition of more 
bicarbonate. The whole was washed and stirred with cold n/2-hydrochloric acid. - Yield, 
10 g. The product was insoluble in water and organic solvents but soluble with difficulty in 
alcohol, from which white crystals were obtained. Prolonged contact with alcohol caused 
some loss of chlorine (compare chloromercuricomenic acid) (Found: Hg, 57-6, 57-7; Cl, 10-0. 
A second preparation gave Hg, 57-0; Cl, 10-1. C,;H,O,CIHg requires Hg, 57-8; Cl, 10-2%). 
Decomposition with hydrochloric acid or hydrogen sulphide gave pyromeconic acid (m. p. and 
mixed m. p.). Evaporation of aqueous solutions of this acid causes loss by volatilisation. 

(2) With mercuric acetate. Pyromeconic acid (2 g.; 1 mol.) in water (70 c.c.) was heated 
at 100° with mercuric acetate (5 g.; 1 mol.) in 10% acetic acid (50 c.c.) until a test portion 
of the white gelatinous precipitate was found to be soluble in dilute sodium hydroxide solution 
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(25 mins.). Excess of the latter gave mercurous oxide owing to the instability of pyromeconic 
acid in presence of alkali. The precipitate, after being washed with very dilute acetic acid and 
with water, weighed 3-5 g. It was also soluble in acetic acid and in aqueous ammonia and 
sodium carbonate (Found: Hg, 63-0; CH,°CO-O, 0-4. Monoacetoxy-derivative, C,H,O,Hg, 
requires Hg, 54-1; CH,*CO-O 16:0%. Diacetoxy-derivative, CH,O,Hg,, requires Hg, 63-7; 
CH,°CO-O, 19-0. Hydroxymercuripyromeconic anhydride, C,H,O,Hg, requires Hg, 64-6%). 
The product contained a trace of an acetoxy-derivative. 

(3) With mercuric chloride and sodium acetate. Oxymercurichlorochloromercuripyromeconic 
acid. Pyromeconic acid (1 g.), mercuric chloride (3-5 g.), sodium acetate (7 g.), and water 
(100 c.c.) were warmed at 100°. The pale buff precipitate (3-2 g.) was separated after 1 hour. 
It was free from mercurous compounds (Found, for two different preparations: Hg, 68-6, 
68-7, 68-6; Cl, 11-8, 11-4, 11-9. C,H,O,ClIHg requires Hg, 57-8; Cl, 10:2%. C,H,O,Cl,Hg, 
requires Hg, 68-9; Cl, 12-2%). Cold dilute sodium hydroxide solution gave mercuric oxide ; 
removal of this and careful acidification of the filtrate with dilute hydrochloric acid gave a 
white precipitate which, like monochloromercuripyromeconic acid, gave mercurous oxide on 
boiling with sodium hydroxide. The original product (Hg, 68-7%) was well washed with cold 
n-hydrochloric acid to remove the oxymercurichloro-group, and the residue dried (Hg, 58-4%). 
It was then soluble in alkali (no mercuric oxide was precipitated), but on boiling, mercurous 
oxide was formed. The washing with dilute acid was repeated, and the product dried over 
potassium hydroxide (Found : Hg, 58-0; Cl, 10-1. C,;H,O,ClHg requires Hg, 57-8; Cl, 10-2%). 

Bromine and Chloromercuripyromeconic Acid. Orientation of the HgCl Group.—The mercury 
derivative was dissolved in ice-cold bromine water and kept below 0° for 5 days; needle-shaped 
crystals had then separated. These were recrystallised twice from alcohol and found to be free 
from mercury. They melted at 181°, alone and in admixture with 2-bromopyromeconic acid. 
Unless the reaction mixture was kept cold, mercurous salts separated and very little of this 
bromo-derivative was obtained. 

Iodine and 2-Chloromercuripyromeconic Acid. Orientation of the Iodine in Iodopyromeconic 
Acid.—The mercury derivative (2 g.), suspended in alcohol (20 c.c.), was slowly treated with 
solid iodine until decolorisation ceased. The hot, filtered solution deposited. crystals, which 
were separated from mercuric iodide by extraction with chloroform. Addition of light petroleum 
gave colourless crystals (0-95 g.), which decomposed at 110° without melting. Ferric chloride 
gave a purple colour. lIodopyromeconic acid decomposes at 108° (Brown, loc. cit.; Peratoner 
and Leonardi, Gazzetia, 1898, 28, ii, 297) (Found : I, 53-2, 53-4. Calc. for C;H,O,I: I, 53-4%). 

Chloromercuripyromeconic Acid and Sodium Iodide.——The mercury derivative (approx. 
0-2 g.) was boiled with sodium iodide (0-5 g.) in water (100 c.c.) for 45 minutes. The solution 
was cooled and titrated with n/20-hydrochloric acid and methyl-orange (Found for NaOH per 
mol. of mercurated compound: 1-00, 0-99 equiv.). With thymol-blue the end-point was not 
so sharp as in the case of methyl-orange. Separate experiments showed that pyromeconic acid 
in n/10-solution is without effect on the titration of n/10-sodium hydroxide by n/20-hydrochloric 
acid and methyl-orange. The titration of n/10-sodium hydroxide by n/10-hydrochloric acid 
was also unaffected by a mixture of n/10-pyromeconic acid with m/5-sodium mercuric iodide 
and m/10-sodium iodide. . 

It was also shown that phenolphthalein cannot be used in the titration of n/10-pyromeconic 
acid by n/10-sodium hydroxide, a pink colour being given with 0-6 equivalent. 

(6) Kojic Acid. Mercuric chloride (3 g.; 1 mol.) in water (150 c.c.) with kojic acid (3 g.; 
2 mols.) showed no apparent reaction. Addition of sodium acetate (3 g.; 2 mols.) in water 
(20 c.c.) gave a pale yellow, crystalline precipitate (P). This was separated, washed, and found 
to give mercuric oxide with sodium hydroxide. After this was removed, the filtrate gave a 
white precipitate with hydrochloric acid. This was soluble in sodium hydroxide without 
separation of mercuric oxide and was therefore a true mercurated compound. Analysis of two 
separate preparations of (P) indicated mixt of variable composition free from acetate. 
They probably contained the mercury salt of kojic acid together with some mercurated 
compound, possibly hydroxymercurikojic anhydride. 

Hydroxymercurikojic Anhydride.—The remainder of (P) was dissolved in boiling water 
(200 c.c.); a pale yellow, gelatinous precipitate (Q) quickly formed. This was insoluble in 
water and organic solvents, but dissolvec in aqueous sodium carbonate or ammonia when warm 
and also in cold sodium hydroxide solution, being precipitated on acidification. Q was free 
from chlorine. Analysis indicated Aydroxymercurikojic anhydride (Found for two separate 
preparations: Hg, 58-7, 58-8. C,H,O,Hg requires Hg, 58-9%). 

Chloromercurikojic Acid.—A product identical with or similar to (Q) was obtained by the 
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interaction of kojic acid (5 g.) in hot water (300 c.c.) with mercuric chloride (10 g.) in water 
(150 c.c.), glycerol (2—3 c.c.), and sodium bicarbonate (3 g.). Yield, 8g. This contained no 
chlorine, but with water and a few c.c. of dilute hydrochloric acid it gave a white solid, shown 
to be chloromercurikojic acid. This was insoluble in organic solvents but dissolved in aqueous 
sodium hydroxide or ammonia. It decomposed at 185—190° without melting (Found for two 
separate preparations : Hg, 53-8, 53-3; Cl, 9-5, 9-6. C,H,;O,CIHg requires Hg, 53-2; Cl, 9-5%). 

Chloromercurikojic Acid and Sodium Iodide.—The reaction was carried out as described for 
chloromercuripyromeconic acid (Found, for NaOH per mol. of mercurated compound: 1-01, 
1-01 equiv.). It was shown that the titration of n/10-sodium hydroxide by approximately 
n/10-hydrochloric acid and methyl-orange was unaffected by kojic acid or by a mixture of 
this substance with sodium mercuric iodide in the amounts present in these experiments. 
The behaviour of kojic acid when titrated with n/10-sodium hydroxide and phenolphthalein 
is similar to that of pyromeconic acid. 

Chloromercurikojic Acid and Sodium Sulphide.—(a) With equimolecular proportions according 
to equation (5). Chloromercurikojic acid (0-5246 g.) and sodium sulphide (0-33 g.) in water 
(100 c.c.) were boiled for 15 minutes. Sulphide ions were absent from the filtered solution. 
The mercuric sulphide was washed with sodium carbonate to remove traces of mercurated 
compound. The filtrate was titrated with n/10-sodium hydroxide (Found: HgS, 97% of the 
theoretical; NaOH, 0-96 equiv.). 

(b) With 0-5 mol. of sodium sulphide. Chloromercurikojic acid (0-94 g.) in water (150 c.c.) 
was boiled with 1% sodium sulphide solution (9-75 c.c.) for 2 minutes. Sulphide ions were 
then absent. Kojic acid was determined in the filtrate as the copper salt by Barham’s method 
(Ind. Eng. Chem. Anal., 1939, 11, 31). The mercury sulphide was washed with sodium 
carbonate as before, much mercurated kojic acid being removed (Found: kojic acid, 48%; 
HgS, 49% of that corresponding to the chloromercurikojic acid taken). 

Chelidonic Acid.—Attempts to mercurate chelidonic acid (y-pyrone-2 : 6-dicarboxylic acid) 
by (1) the acetate or (2) the chloride and sodium acetate method failed. Carbon dioxide was 
not evolved and the products appeared to be mainly impure mercuric salts of chelidonic acid. 
By method (2) some calomel was also formed. No mercuration was observed on heating the 
product from (1) up to 260°. At no stage was a test portion soluble in or stable to aqueous 
sodium hydroxide or carbonate. There appears to be no record of the direct formation of any 
substitution products from this acid. Chloro- and bromo-derivatives of the ester were, however, 
obtained from ethyl acetonedioxalate by Feist and Baum (Ber., 1905, 38, 3574; 1906, 39, 
3662, e¢ seq.). 


The authors thank the Chemical Society for a grant, the North Riding Education Committee 
for according leave of absence to J. R. F., and Drs. May and Herrick of the Bureau of Soils, 
Washington, for a gift of kojic acid. 
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124.—Solubilities of the Chlorides of Lanthanum, Praseodymium, and 
Neodymium. 


By J. NEwTON FRIEND and REGINALD W. HALE. 


Between 0° and 80° the solubilities of the heptahydrated chlorides of praseo- 
dymium and lanthanum are almost idencal. Above 55°, NdCl;,6H,O is appreciably 
less soluble than either of these salts. 


THESE salts are readily soluble in water and it was thought that a more extended use might 
be made of them in separating the elements by fractional crystallisation, as has been done 
successfully with members of the terbium group (see James and Bissel, J. Amer. Chem. 
Soc., 1914, 36, 2060). Apart from the determination of the solubilities of neodymium 
chloride at five different temperatures by Williams, Fogg, and James (ibid., 1925, 47, 297) 
and three scattered data by Matignon (Ann. Chim. Phys., 1906, 8, 249, 386), there appears 
to be no published information on the subject. A systematic study of the solubilities of 
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these salts was therefore undertaken, and although the results proved disappointing, they 
are placed on record. 


EXPERIMENTAL. 


The chlorides were prepared by dissolution of the pure oxides (for sources, see earlier papers) 
in diluted acid and concentration on the water-bath. The crystals were thoroughly drained 
on a sintered glass funnel. Perfect neutrality of these salts is well known to be difficult to 
attain. This was found to be particularly so with neodymium chloride. Analyses of the 
different batches of salts used in this research yielded the following atomic ratios: 
La: Cl = 2-965, 3-047; Pr: Cl = 2-925, 2-991, 3-062; Nd: Cl = 2-978, 2-966, 2-956, 2-920. 
The apparatus used for determining the solubilities has already been detailed (Friend, J., 
1930, 1633). At the higher temperatures attempts were made to use the synthetic method, 
which was found to work well with lithium chloride up to 160° (Friend, Hale, and Ryder, J., 
1937, 970), but above 80° the results were somewhat irregular, possibly owing to slight basic salt 
formation. The solubilities have been calculated from the oxide contents of the solutions, this 
being regarded as most accurate since the salts undergo but little hydrolysis. In the worst 
cases, the diluted solutions were faintly opalescent, although the concentrated solutions in the 
saturation bottle were perfectly clear. 

The saturated solution was diluted to 200 c.c. and the oxide estimated by precipitation from 
an aliquot portion with oxalic acid and ignition to oxide, the precautions already outlined for 
each element (Friend, J., 1930, 1633; 1932, 2410; 1935, 824) being observed. The chlorine 


Fic, 1. 


s 


© Lall;,7/20 
e Prtl3,7,0 
x Nd Cl3,6H,0 


g.per 1009. of solution, 
g 


ev 
8 
S 
S 
S 
g 
8 
s 
S 
x 








50° 
Jemperature. 
M = Matignon, loc. cit. W = Williams, Fogg, and James, loc. cit. 

was determined gravimetrically as silver chloride, and the free acid in acidulated solutions was 
estimated by titration with alkali, methyl-orange being used as indicator. 

Throughout the research difficulty has been experienced in obtaining reproducible results. 

Data obtained at different times either agreed closely, like those for the praseodymium and 
neodymium salts at 0°, or they differed by several units %, the error then being much greater 
than the ordinary experimental error. A similar difficulty was experienced with the nitrates of 
these elements and with certain bismuth salts and is possibly caused by the presence of some 
metastable salt. 

In the tables, S represents the solubility as g. of anhydrous salt (MCI,) per 100 g. of solution. 


Lanthanum Chloride.—The solid phase was found by analysis to be LaCl,,7H,O. The results 
are shown in Fig. 1. 


11-4° 15-4° 250° 26-2° 330°  36-4° 

48-83 48:99 49:27 49:40 49-69 49-87 

63-6° 646° 646° 71-5° 76-0° 80-4° 

54:30 54:96 5484 566-70* 57:59 58-87 
* Synthetic method. 


The addition of small amounts of sulphuric acid to lanthanum sulphate was shown by 
Wirth (Z. anorg. Chem., 1912, 76, 174) to enhance the solubility of the salt at 25°. The same is 
true for neodymium sulphate at 30°, a maximum solubility being attained in n-acid solution, 
and the solubility falling again with higher acid concentrations; on the other hand, at 15°, 
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addition of acid continuously reduced the solubility (Friend, J., 1930, 1640). It was of interest, 
therefore, to ascertain the effect of free acid on the solubility of lanthanum chloride. The 
following data indicate that both at 25° and at 50° the addition of acid reduces the solubility 
almost linearly (Fig. 2). 

Solubility of lanthanum chloride at 25°. 
Normality of acid ................ 0 0-174 0-817 1-471 1-644 
DP . scnpebagasiesyenthywe cet inines 49-27 48-79 45-87 43-55 42-78 

Solubility of lanthanum chloride at 50°. 
Normality of acid ............s006 0 0-171 0-400 0-597 1-568 
| sescevcssrcdseovessbbeaces 52-00 51-46 50-88 50-28 47-66 
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Praseodymium Chloride.—The solid phase was found by analysis to be PrCl,,7H,O. These 
results are shown in Fig. 1. Matignon’s figure is too high. Between 0° and 80° the solubilities 
of lanthanum and praseodymium chlorides are too similar to offer a useful method of separation 
by fractionation. 

TOE. coccccscccccccsese 6 0° 11-4° 13-0° 26-2° 35-0° 44-6° 
S scoccsccccsccccccccsccce SFC4 47-87 48-39 50-96 * 49-65 50-15 51-46 
TOMP. cccccocccccscccece 458° 55-4° 59-0° 63-6° 71-5° 80-2° 
S ccocccccccccccceccccccce SA-K7 53-04 53-60 54-51 56-62 58-62 

* Matignon, loc. cit. 


Neodymium Chloride.—The solid phase was proved by analysis to be NdCl,,6H,O and the 
occurrence of a hexa- instead of a hepta-hydrate might be expected to cause an appreciable 
difference in the solubility from the preceding two salts. This was the case only at temperatures 
above 55°. Some of these results are shown in Fig. 1. 

TEER. crecccrcccssecee | O 0° 10-0° . 13-0° 15-4° 20-0° 26-2° 
Pre 49-20 49-33 F 49-67* 49-34 49-49t 49-61 
TERD. ccoceccccccccee SOO 33-0° 45-8° , 55-4° 59-0° 64-0° 68-0° 

© vcoscdcscsccccstcctce SES Gee 51-88 . 52-90 53-33 53-88 54-39 
Temp. ....seccccceeee 720° 80-0° 87-0° ‘ 93-5° 97-6° 98-3° 100° 

SS: dcetsvcceisocsacdiiade >On 56-04 56-75 ° 57-41 58-297 5815+ 584* 

* Matignon, Joc. cit. + Synthetic method. } Williams, Fogg, and James, Joc. cit. 


Matignon’s result at 13° is slightly high, but his figure at 100° appears to agree with ours. 
The data given by Williams, Fogg, and James for 40° and 50° are slightly lower than ours. 
From 30° upwards the solubility rises linearly with the temperature. Attempts to concentrate 
neodymium by fractional crystallisation were not successful. 

When kept in desiccators over excess sulphuric acid for prolonged periods, the several 
chlorides lost steadily in weight, becoming constant in about a year. The coloured salts became 
paler and all lost some chlorine, the residues being slightly basic. 
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125. The Potentiometric Estimation of Hydroxylamine and 
Hydrazine in Alkaline Solution. 


By H. T. S. Brirron and MARIANNE KONIGSTEIN. 


An accurate potentiometric method of estimating hydroxylamine and hydrazine 
has been devised by titrating either (a) alkaline copper tartrate solution or (b) am- 
moniacal copper sulphate solution at 90° with salts of either hydroxylamine or hydr- 
azine. After the end-point has been passed, the platinum electrode functions as a 
copper electrode in equilibrium with cuprous ions, unlike the behaviour in ordinary 
“‘ redox ”’ titrations. 


DonatTH (Ber., 1877, 10, 766) and Meyeringh (ibid., p. 1940) showed that hydroxylamine is 
oxidised quantitatively to nitrous oxide by boiling Fehling’s solution, and Jones and Car- 
penter (Proc. Camb. Phil. Soc., 1903, 12, 218; J., 1903, 83, 1395) devised a volumetric 
method of estimating hydroxylamine by allowing the cuprous oxide thus precipitated to 
reduce an equivalent amount of ferric sulphate in sulphuric acid solution. 

Hydrazine is, however, oxidised quantitatively to nitrogen by boiling Fehling’s solution 
with precipitation of cuprous oxide (Petersen, Z. anorg. Chem., 1893, 5,1; cf. Browne and 
Shetterley, J. Amer. Chem. Soc., 1909, 31, 783) or, with excess of hydrazine, of metallic 
copper (Jannasch and Biedermann, Ber., 1900, 33, 631). Ebler (Z. anorg. Chem., 1905, 47, 
371) has also demonstrated that quantitative oxidation to nitrogen occurs with copper 
sulphate in ammoniacal solution. Titrimetric methods of estimating hydrazine with 
Fehling’s solution do not appear to have been successful, although Petersen showed that 
measurement of the volume of nitrogen evolved leads to accurate results. 

In the present work the oxidation of both hydroxylamine and hydrazine when pro- 
gressively added to either Fehling’s solution or an ammoniacal solution of copper sulphate, 
maintained at 90°, has been followed potentiometrically, either bright platinum foil or 
copper being used as the indicator electrode. The complete reduction of the bivalent 
copper in these two complex solutions to the cuprous state, either by the precipitation of 
cuprous oxide or by conversion into tetramminocuprous sulphate, is indicated by such a 
sudden diminution in potential that it serves as an excellent method of estimating hydroxyl- 
amine and hydrazine. To obtain accurate results it is desirable, though not absolutely 
essential, to carry out such potentiometric titrations in an atmosphere of nitrogen in order 
to prevent oxidation of the cuprous oxide by the air. 


EXPERIMENTAL. 
The system used was : 


— | 100 c.c. of Fehling’s solution Satd. KCl | n-KCl n-KCl + Hg,Cl, + 
Pt + 0-1mM-NH,OH,HC1 (or Hg 
+ 0-1mM-N,H,,H,SO,) 


In order to prevent diffusion, the ends of the saturated potassium chloride salt bridge were 
plugged with asbestos, and one end was immersed in a vessel containing N-potassium chloride, 
in which was also inserted the tube leading from the normal calomel electrode. The titration 
vessel was fitted with an ebonite cap, containing holes for two platinum electrodes, a thermo- 
meter, a tube leading from the burette, the end of the salt bridge, a mechanical stirrer, and a 
tube for the introduction of nitrogen. The whole cell was immersed in a water-bath kept at 
such a temperature that the solution in the titration vessel was at 90—92°. 

Typical titration curves are given in the figure. In each case 100 c.c. of solution containing 
copper sulphate, sodium tartrate, and sodium hydroxide, in the respective molecular ratios of 
1: 4-6: 10-8, was titrated with either 0-1m-hydroxylamine hydrochloride (curves a) or 0-1m- 
hydrazine sulphate (curves 6). The molarity of thelcopper sulphate in the various solutions 
titrated is indicated on the curves. For the Fehling solution sodium tartrate was used instead 
of Rochelle salt, for (see Britton and Phillips, Analyst, 1940, 65, 18) the potassium ion is by no 
means essential to retain cupric oxide in alkaline solution. Constant potentials were set up 
at the platinum electrodes in about 2 mins. both with the hydroxylamine and with the hydrazine 
salt. This was the case during the initial part of the titrations and at the end-points, sub- 
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stantially the same voltages within 2 or 3 mv. being obtained; thereafter the potentials were 
more slowly attained and tended to become unsteady. The curves show that the positions at 


which the inflexions denoting the end-points occur correspond exactly with the respective 
equations : 


(i) 4CuO + 2NH,OH —> 2Cu,O + N,O + 3H,O; (ii) 4CuO + N,H,—> 2Cu,O + N, + 2H,0. 


The broken curve in section a of the figure represents the titration of 100 c.c. of 0-02m- 
copper sulphate (in Fehling’s solution) with 0-1m-hydroxylamine hydrochloride, and that in 
section b is the curve obtained. by titrating 100 c.c. of 0-0lm-copper sulphate (as Fehling’s 
solution) with 0-lm-hydrazine sulphate, copper electrodes being used against the n-calomel 
electrode at 90°. The lower curves, marked NH;, were obtained with platinum electrodes by 
titrating at 90°, 100 c.c. of 0-02m-copper sulphate solution, saturated with ammonia, with 
0-1m-hydroxylamine hydrochloride and 0-1mM-hydrazine sulphate respectively. In these two 
titrations, gaseous ammonia was passed through the solutions instead of nitrogen, thus ensuring 
an inert atmosphere and keeping the solution saturated. In these titrations the cuprous salt 
produced was retained in solution, 


DISCUSSION. 


As the titration graphs show, the end-points are sharply defined by inflexions which 
represent sudden diminutions in potentials at the platinum electrodes (and also at the 
copper) of 200—300 mv. The potentials established during the initial stage of the titrations 
are caused by the varying equilibria between cupric ions and cuprous ions in accordance 


with the expression 
Expy = toyr+ <0" — 0-072 logyg [Cu’] /[Cu™] 


Thus, by taking ¢g,++ —-s oa: = + 0°16 volt (N-H = 0), it being assumed that the normal 
reduction potential is not greatly affected by temperature and that [Cu‘] of the complex 
tartrate solutions, of which [OH’] = 10 approx., was determined by the solubility 
product of the precipitated cuprous oxide, viz., Louon = ca. 10-'4 (cf. Allmand, J., 1909, 
95, 2162), it follows that [Cu"] = 10-4* approx. Edge (Ph.D. Thesis, London, 1938, p. 54) 
has shown that the [Cu] of such solutions as were here employed is about 10-16. Hence 
Ep, = 0-16 — 0-072 log 10-14/10-16 = — 0-06 volt. Britton and Welford (J., 1937, 1846) 
have shown that at 91° the potential of the normal calomel electrode (N-H = 0) is + 0-263 
volt, whence it follows that the potential of the platinum electrode should be about — 0-32 
volt against the normal calomel. The figure shows that this is the case during the reduc- 
tion process. Incidentally, it is true of the titrations in which copper electrodes were used. 

In the ammoniacal copper sulphate titrations less negative potentials were registered at 
the platinum electrodes. The concentrations of cuprous and cupric ions originate from the 
dissociation of the complex kations, Cu(NH;,),"° and Cu(NH,),°. Of these ions, the latter 
is the more stable, and therefore during the first part of the titrations it is likely that 
[Cu] will be less than in the complex copper tartrate titrations, thus accounting for the 
lower E.M.F.’s observed. 

In an ordinary potentiometric titration in which an oxidising agent is being titrated 
with a reducing agent, the potential set up at a platinum electrode after the end-point 
inflexion has been passed is due to equilibria existing in the solution between the added 
excess of the reductant and its oxidised product or products which remain in the solution. 
In these titrations, the reductants are hydroxylamine and hydrazine, and in both cases their 
oxidised forms are gases and at 90° would certainly leave the sphere of action. It was 
therefore of interest to ascertain the eléctrodic equilibria that were responsible for the 
appreciably negative final potentials, and which, indeed, made these potentiometric 
titrations possible. In the hydrazine titrations of Fehling’s solution, it was observed that 
immediately the end-point had been passed the platinum electrodes began to be coated 
with a bright adherent mirror of copper, showing that the excess of hydrazine was then 
reducing the precipitated cuprous oxide to the metal. The potentials were unsteady and 
tended towards less negative values with time. For instance, the upper curve, 0-01, in 
section } represents readings taken after 2 mins., whereas the lower curve refers to readings 
taken 10 mins. after each addition of hydrazine. Hence, it appeared that the platinum 








(] 


el 


as wt hUCAtlCklUMUlC ee lUrlCOt 





ee OT aS ae eae tC“<iCS 


— FT = sy 


Oe We we’ 00 Oe ~ 


— aN a ee 


ee ee el 


an 


_ 





[1940] Hydroxylamine and Hydrazine in Alkaline Solution. 675 


electrode was then functioning as a copper electrode in equilibrium with cuprous ions 
originating from the cuprous oxide which had not yet been reduced and therefore 


Ext = fou —* oa + 0-072 log [Cu’] 


+ 0-52 + 0-072 log 10-14/10-2 
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which is the order of magnitude of the E.M.F. set up in the final stage of the hydrazine 
titrations. The approximate scale at the right of the figure, giving the cuprous-ion concen- 
trations, is based on the assumption that the platinum and copper electrodes behaved as 
copper—cuprous ion electrodes. It will be seen that the cuprous-ion concentrations are of 
the same order as that computed above. The final stages of the hydroxylamine titrations 
are marked by somewhat less negative potentials, about — 0-6 volt, and tend to assume 
more negative values as the alkali content of the Fehling’s solutions titrated is increased, 
apparently owing to the diminished concentration of cuprous ions in equilibrium with 
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the cuprous oxide precipitate. It is significant also that the potential set up at the copper 
electrode is of similar magnitude. Despite the absence of copper deposits on the platinum 
electrodes in these titrations, it would appear that the potentials were caused by some 
slight reduction of cuprous ions to copper, or at least a tendency for such a reduction to 
occur. It is not clear why the copper electrode did not reach such a negative potential as 
the platinum electrodes in the hydrazine titrations; on the other hand, it is somewhat 
surprising that the copper electrodes should have functioned in what appears to be a 
reversible manner in such alkaline solutions. 

Owing to the lower yg of the ammoniacal copper sulphate solutions, relatively larger 
concentrations of cuprous ions must have existed in the solutions after passing the end- 
point than in the alkaline tartrate solutions, and this fact must have led to the lower 
potentials then prevailing. It may also explain why the platinum electrodes were not 
visibly covered with a copper film in such hydrazine titrations. 

Another point brought out by these titrations is the fact that hydrazine is oxidised to 
nitrogen whereas hydroxylamine yields nitrous oxide. It appears that the hydrogen atoms 
attached directly to the nitrogen atoms in both molecules are oxidised, but that the hydroxyl 
hydrogen in hydroxylamine resists oxidation, thus 20 + 2NH,-OH—> 2H,0 + H,N,O,—> 
3H,O + N,O; at the temperature at which the titrations were performed hyponitrous acid 
is decomposed immediately into nitrous oxide. 


One of the authors wishes to record her appreciation of the help kindly given by the Exeter 
Branch of the Federation of University Women and by the Senate of this College which has made 
collaboration in this work possible. 


WASHINGTON SINGER LABORATORIES, 
UNIVERSITY COLLEGE, EXETER. [Received, March 21st, 1940.] 





126. The Resolution of 8-Naphthylmethylcarbinol. 


By T. A. COLLYER and J. KENYON. 


d- and /-8-Naphthylmethylcarbinols have been prepared, and their properties 
compared with those of the corresponding «-naphthyl compounds. 


OPTICALLY active a-naphthylmethylcarbinol was prepared by Pickard and Kenyon (J., 
1914, 105, 1115, 2644), and it was considered of interest to compare its properties with those 
of the optically active 6-naphthyl analogue. 

al-8-Naphthylmethylcarbinol, obtained by reduction of 8-naphthyl methyl ketone, 
yields a hydrogen phthalic ester, the cinchonidine and strychnine salts of which on fractional 
crystallisation yield the d- and the /-hydrogen phthalic ester respectively. Saponification 
of these yields the optically pure d- and /-8-naphthylmethylcarbinols. Rotatory powers 
are given in Table I, and comparative data with those of corresponding derivatives of 
«-naphthylmethylcarbinol in Table IT. 

It will be noticed that the rotatory powers of both series of compounds are susceptible 
of very wide variations with change of solvent (and of temperature in the case of «-naphthyl- 
methylcarbinol; the m. p. of the corresponding 6-compound is too high for these deter- 
minations to be made). 

It was shown by Pickard and Kenyon (loc. cit., where the diagram is given) that the 
rotatory powers of /-«-naphthylmethylcarbinol and its derivatives despite their wide 
variation ([«],3;3 from + 170° to — 200°) would all lie closely on a single characteristic 
diagram, the three straight lines (for 4 5893, 5461, 4358) of which intersected at about 
[«], — 14°. It is now found that the rotatory powers of the §-naphthyl analogue and its 
derivatives will also lie on the same characteristic 

It thus appears that both the /-«- and the 1--derivatives of naphthalene are configur- 
atively similar, and further, that the optical behaviour of both series of compounds is 
dominated by the naphthyl radical. 
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TABLE I. 
Specific Rotatory Powers in Solvents at Room Temperature (I, 2). 


Solvent. c. [a] eass- [a] sses- [a] s7s0- [a] sae1- [a}asse- [o]esse/[@] seer: 
(a) d-B-Naphthylmethylcarbinyl hydrogen phthalate. 
OF eo . . . + 31-3° + 34-4° 
BOE babclecidssins . . ° + 119 + 12:3 
ENG i Sencscétichonce . . . — 80 — 99 
| Jere * : ° — 31-7 — 37-5 
, _ ae . ° ° — 42-2 — 49-6 
RE sunpecnaeosense . * . — 48-3 — 56:3 


Corresponding |-ester. 
+ 34:0 + 44:7 + 47-9 + 55-8 


(b) d-B-Naphthylmethylcarbinol. 

+ 34-1 + 41:3 . + 49-8 
35-9 44:3 | 52-65 
43-7 " . 62-8 
45-0 i ‘ 66-3 
52-6 ° . 79-2 
66-6 . . 98-6 


Corresponding 1-carbinol. 
— 34:8 — 41-9 — 44-1 — 49-7 


TABLE II. 
Comparison of the Properties of «- and 8-Naphthylmethylcarbinols and their Derivatives. 


. p-. 

Bite ois cinemas: Mig. — 71—72° 
l- » Ps ne we == 71—72 
l- os See eee eee eee ees cesses ses seeeseees [a] sees in EtOH ‘ = 49-8° 
° in CHCl, ° — 663 
(i, 1-0) — 42-7 — 180-9 

. p. = 131—132° 125° 
M. p. ~- (oil) 101—102 


l-Acetate ..... 


dl-Hydrogen phthalate ..........cccssse 
ee tan ht Yo aera teieeveivet: :Ailianie;, ae + 848° + 55-8° 
» % pring tl Siskel ath Steen. « in CHCl, + 53-5 + 93 


Replacement Reactions of 1-8-Naphthylmethylcarbinyl Hydrogen Phthalate.—(a) With 
acetic acid. By the action of glacial acetic acid containing a small proportion of sodium 
acetate, the hydrogen phthalate is slowly converted into the acetate which, although its 
rotatory power is only about 6% of that of the optically pure ester, is apparently produced 
without inversion of configuration. The /-hydrogen phthalate undergoes extensive racemis- 
ation, particularly when the period of reaction is prolonged. 

(b) With formic acid. Anhydrous formic acid converts the /-hydrogen phthalate rapidly 
and completely into the dl-formate. The readiness with which this ester is thus produced 
is in marked contrast to the sluggishness with which 6-naphthylmethylcarbinol is esterified 
by anhydrous formic acid. 

The significance of these reactions will be discussed in a future communication. 


EXPERIMENTAL. 


dl-8-Naphthylmethylcarbinol was obtained according to Lund’s procedure (Ber., 1937, 70, 
1520) by reduction of technical 8-naphthyl methyl ketone (m. p. 54—55°; 170 g.) by heating 
it with a solution of aluminium isopropoxide (from 20 g. of aluminium) in isopropyl alcohol 
(600 c.c.) for several hours. The acetone produced during the reaction was allowed to distil 
slowly, and when the reaction appeared complete, the excess of isopropyl alcohol was removed 
by distillation. Treatment of the residue with cold dilute acid liberated the carbinol, which, 
after crystallisation from aqueous alcohol, had m. p. 59—62° (170 g.). It separated from ether— 
light petroleum in spherical masses of soft, fine needles, m. p. 71—72° (Lund, loc. cit., gives 
m. p, 72°). 

dl-8-Naphthylmethylcarbinyl Hydrogen Phthalate-—A mixture of the carbinol (115 g.), 





678 Collyer and Kenyon: The Resolution of B-Naphthylmethylcarbinol. 


phthalic anhydride (95 g.), and pyridine (55 g.) was heated on the steam-bath for several hours ; 
the homogeneous product was cooled, and decomposed with dilute hydrochloric acid, and the 
resulting acid ester crystallised from aqueous alcohol and subsequently from ether-light petroleum. 
It (158 g.) formed bulky masses of soft, fine needles, m. p. 125° (Found, by titration with n/10- 
NaOH; M, 325. C, 9H,,O, requires M, 320). 

d-8-Naphthylmethylcarbinyl Hydrogen Phthalate.—Cinchonidine (145 g.) was dissolved in a 
hot solution of the di-acid ester (158 g.) in acetone (300 c.c.). The crystalline material (157 g.) 
which separated on cooling was filtered off and recrystallised from acetone (3 1.) twice, yielding 
the optically pure cinchonidine salt (100 g.) in fine needles, m. p. 167° (decomp.).. By working 
up the mother-liquors a further 30 g. were obtained; [a] ss93 — 41-0°, [a] sag, — 48°5°, [Glass 
— 90-0° (1, 2; c, 5-200) in chloroform solution (Found: N, 4:9. C,,H;,0,;N, requires N, 4-6%). 
Decomposition of this cinchonidine salt with dilute hydrochloric acid yielded d-f-naphthyl- 
methylcarbinyl hydrogen phthalate, which separated readily from either aqueous alcohol or ether— 
light petroleum in fine, soft needles, m. p. 101—102°. Rotatory powers are recorded in Table I 
(Found, by titration with NaOH : M, 326. C,9H,,O0, requires M, 320). 

1-8-Naphthylmethylcarbinyl Hydrogen Phthalate—Decomposition with dilute hydrochloric 
acid of the more soluble fractions of the cinchonidine salt yielded the / + dl-hydrogen phthalate, 
with [a] 593 + 31° in ethyl-alcoholic solution. When a solution of this ester (38 g.) and strychnine 
(38-5 g.) in hot methyl alcohol (150 c.c.) was cooled, it deposited a salt which, after three re- 
crystallisations from methyl alcohol (2-5 1.), yielded strychnine 1-8-naphthylmethylcarbinyl 
phthalate as rosettes of glistening needles, m. p. 200—202°; [a]5993 — 45°3°, [a] 5461 — 57:0°, 
[@]esss — 97°3° (2, 2; c, 5-034) in chloroform solution (Found: N, 4:7. C,H, »O,N, requires 
N, 4:7%). Decomposition of this strychnine salt with dilute ammonia yielded 1-$-naphthyl- 
methylcarbinyl hydrogen phthalate, fine needles, m. p. 101—102° from aqueous alcohol. Rotatory 
powers are in Table I (Found, by titration: M, 326). 

The specific rotatory powers of the d- and the /-hydrogen phthalic ester obtained by decom- 
position of the alkaloidal salts were not altered by crystallisation of these esters from various 
solvents. On the other hand, a mixture of d + dl-hydrogen phthalic ester was separated by 
one crystallisation from ether-light petroleum into two fractions, [«]593 + 2°0° and + 32-8°. 
This affords further evidence that optical purity has been reached in the fractional crystallisation 
of the cinchonidine and strychnine salts. 

d-8-Naphthylmethylcarbinol, obtained by hydrolysis of the d-hydrogen phthalic ester in 
aqueous-alcoholic sodium hydroxide, separates from ether—light petroleum in nodules of soft, 
short needles, m. p. 71—72°. A mixture of approximately equal parts of this d-alcohol and the 
corresponding dl-alcohol softens and melts at 63—68°. 

l-8-Naphthylmethylcarbinol, obtained similarly from the corresponding /-hydrogen phthalic 
ester, has m. p. 71—72°. Rotatory powers are recorded in Table I. Confirmation that optical 
purity has been reached is afforded by the observation that an incompletely resolved specimen 
of the d + dl-alcohol, with [a]54,, + 47:9° in ethyl-alcoholic solution, by recrystallisation from 
ether-light petroleum yielded the alcohol with a maximum rotatory power identical with that 
of the alcohol obtained by the hydrolysis of its hydrogen phthalic ester of maximum rotatory 
power. 

d-8-Naphthylmethylcarbinyl formate (2 g.) was obtained when a solution of the d-alcohol 
(2 g.) and sodium formate (1-5 g.) in anhydrous formic acid (30 c.c.) was kept at 40° for 4 hours 
(at higher temperatures a resinous material is produced); small needles, from ether—light 
petroleum, m. p. 62—64°, [a]se93 + 10°5°; [a]see1 + 13-2° (c, 5-010; J, 2) in ethyl-alcoholic 
solution. The corresponding di-formate, prepared similarly, had m. p. 54—55° either alone 
or when mixed with the dl-formate prepared by the action of formic acid on dl-$-naphthyl- 
methylcarbinyl hydrogen phthalate. 

1-8-Naphthylmethylcarbinyl benzoate, prepared by Einhorn’s method, short needles, m. p. 
62—64°, from ether-light petroleum, has [a] ,99, — 53°4°, [a] 54g, — 68-2° (c, 3-580; /, 2) in ethyl- 
alcoholic solution (Found: C, 82:2; H, 5-6. (C,,H,,O, requires C, 82-6; H, 58%). The 
corresponding d/-compound has m. p. 51—52°. 

d-8-Naphthylmethylcarbinyl acetate (3-5 g.) was prepared by the action of acetic anhydride 
(2-5 g.) and pyridine (1-8 g.) on the d-carbinol (3-5 g.), b. p. 172°/14 mm., np” 1-5745 (super- 
cooled). It formed short needles, m. p. 34—35°, and separated from aqueous alcohol in glisten- 
ing leaflets, m. p. 36—37°. In the homogeneous state it had agg, + 74°65°, as57g9 + 78°37°, 
Osage, + 90°44°, ags5g + 168-35° (J, 0-5; #, 19°); in ethyl-alcoholic solution (c, 5-344; 1, 2) 
[%] sees + 124-2°, [a] seo + 130-5°, [a] seg, + 150-0°, [a]u353 + 271°; im glacial acetic acid (c, 
3-408; 7, 2) [a}seo3 + 134:4°, [ae] sr99 + 142°1°, [a} seg, + 163-6°, [a]assg + 296° (Found: C, 
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79-0; H, 6-6. C,,H,,O, requires C, 78-5; H, 65%). The dl-acetate, prepared similariy, had 
b. p. 172°/15 mm., n}” 1-5753, but could not be induced to crystallise. 

Action of Acetic Acid on 1-8-Naphthylmethylcarbinyl Hydrogen Phthalate at 100°.—(i) The /- 
ester (10-5 g.) was heated with glacial acetic acid (56 g.) containing anhydrous sodium acetate 
(4 g.) on the steam-bath for about 40 hours. From the products of reaction there were re- 
covered / + dl-8-naphthylmethylcarbinyl hydrogen phthalate (1:2 g.; [a]sag, + 89°, c 45, 
in alcoholic solution) and /-8-naphthylmethylcarbinyl acetate (4-5 g.), b.p. 171°/13 mm.; ni 
1:5796; «205, — 480°, «205, — 5-86°, a3%,, — ‘10-75° (1, 0-5) (activity = 6-5%, without inversion 
of configuration). 

(ii) A mixture of the /-ester (2 g.; [«]54g, + 40° in alcohol), acetic acid (20 g.), and sodium 
acetate (0-5 g.) after being heated on the steam-bath for about 20 hours, yielded the / + di- 
acetate (0°7 g.); [a]5a¢, — 8°8° (in ethyl alcohol). The recovered hydrogen phthalate (0-4 g.) 
had [«] 5461 + 27° (c, 1-9) in ethyl alcohol. 

Action of Formic Acid on 1-8-Naphthylmethylcarbinyl Hydrogen Phthalate.—A solution of the 
l-ester (1-00 g.) in anhydrous formic acid (20 c.c.) deposited a crystalline crop of phthalic acid 
within 2 mins.; after 30 mins. this was filtered off. The filtrate was optically inactive; it was 
diluted with water, and the precipitated material crystallised from light petroleum—it proved 
to be dl-8-naphthylmethylcarbinyl formate, nodules of small needles, m. p. 55—56° (alone or 
mixed with an authentic specimen) (Found: C, 78-2; H, 5-9. C,,3H,,O, requires C, 78-0; 
H, 60%). When heated with aqueous-alcoholic sodium hydroxide it yielded dl-8-naphthyl- 
methylcarbinol, m. p. 71—72° alone or mixed with an authentic specimen. 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries Ltd. for grants. 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, March 26th, 1940.]} 





127. The Steric Course of the Hydrolysis of a-Phenylethyl Chloride in 
Acetone containing Mercuric Chloride. 


By Dennis R. READ and WILLIAM TAYLOR. 


The rates of hydrolysis of «-phenylethyl chloride and bromide in acetone are much 
increased by mercuric chloride and bromide respectively. 

From titrimetric measurements of the rate of hydrolysis of /-«-phenylethy] chloride 
in 95% aqueous acetone containing low concentrations of mercuric chloride, and from 
polarimetric measurements of the change of rotation during hydrolysis, it is inferred 
that substitution in the early stages occurs with retention of configuration. How- 
ever, since the final product, a-phenylethyl alcohol, is very slightly inverted in con- 
figuration, later substitution must be inverted. 


MERcuRIC bromide accelerates the hydrolysis of alkyl bromides in acetone (Read and 
Taylor, J., 1939, 1872). It is now found that mercuric bromide and mercuric chloride 


accelerate the hydrolysis of the aralphyl halides a-phenylethyl bromide and chloride 
respectively (Table I). 


TABLE I. 


Second-order eee: | coefficients (1. g.-mol.-* hr.-'), measured titrimetrically, for the hydrolysis in 
acetone of a-phenylethyl halides in presence of mercuric halides, at 50°. The figures in parentheses are 
the ratios of the coefficients with and without mercuric halide, other conditions being identical. 


[CHPhMeCI] = 0-2000 and added [HCI] ~ 0-05 [CHPhMeBr] = 0-2000 and added [HBr] ~ 0-05 
throughout. throughout. 


[H,0]. (H,0]. 


2-7778. 5-5556. . ” 29778. 5-5556. 
0-000195 (1-00)  0-000780 (1-00) . . ; 0-0158 (1-00) 
0-140 (718) 0-380 (48 . . -4) 0-104 (6-58) 
0-783 (4010) 0-671 (860 . (50-6) 0-311 (197) 
0-955 (4900) a . 0-926 (134) _ 
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From our previous work (Joc. cit.) it became of interest to examine the steric course of 
the hydrolysis of «-phenylethyl chloride in the presence of mercuric chloride. Bodendorf 
and Béhme (Amnalen, 1935, 516, 1) found that, in dry ethyl alcohol at 25° with 
[d-CHPhMeCl] = 0-366 and [HgCl,] = 0-183, the solution originally having «>° (/ = 2) = 
+ 3-68° had finally «3° = — 1-35°, the only end-product being «-phenylethyl ethyl ether. 
Ward (J., 1927, 445) showed that in 80% aqueous ethyl alcohol at 28-6° with [d-CHPhMeC]] 
~ 0-1000 and no mercuric chloride, the solution originally of «#% (1 = 2) = + 1-30° had 
finally «3% = — 0-44°, the end-products being a mixture of «-phenylethyl alcohol and 
its ethyl ether. The first-order reaction rates, whether measured titrimetrically or polari- 
metrically, were the same. Hughes, Ingold, and Scott (J., 1937, 1201) discovered that at 
70° the percentage of inversion of the substitution product obtained by the action of ethyl 
alcohol, 60% aqueous acetone, and 80% aqueous acetone on «-phenylethyl chloride 
decreased down the series of solvents, the product being almost entirely racemic in the 
last two instances. In 80% aqueous acetone Ward’s result for the first-order velocity 
coefficient was paralleled, the titrimetrically-determined coefficient being 9-04 x 10-5 sec.-}, 
whilst that obtained polarimetrically rose from 9-2 to 11-5 x 10-5 sec.-1 during the run. 
In these experiments the reactions went to completion. 

We have measured (a) the rate of racemisation of «-phenylethyl chloride in dry acetone 
(cf. Bodendorf and Béhme, loc. cit.), (b) its rate of change of rotatory power during hydro- 
lysis in 95% aqueous acetone, and (c) its rate of hydrolysis (titrimetrically) in 95% aqueous 
acetone, all experiments being at 20° and with mercuric chloride present in solution. The 
product of hydrolysis was «-phenylethy] alcohol with a small proportion of styrene. 

The first-order velocity coefficient for (a), viz., R,»,, was a constant during any one run 
(Table V) at all mercuric chloride concentrations, was independent of the concentration of 
organic chloride, and, within the limits of the rather large experimental error, was pro- 
portional to the square of the concentration of mercuric chloride for molar concentrations 
of the latter of 0-3 to 1-2 (Table II) ; 1.¢., %. = Ra, [RCI][HgCl,]*. Bodendorf and Bohme 
(loc. cit.) found that, for mercuric chloride concentrations of 0-037—0-37M, 74, oc [HgCl,]", 
where n < 2. 

TABLE II. 


First-order velocity coefficients (mins.-!) for the racemisation of a-phenylethyl chloride in dry 
acetone containing mercuric chloride. Temperature 20°. 


0-18 018 O18 O18 O18 O18 O18 O18 O18 O12 0-06 
0-15 O15 030 030 0-30 1-20 1:20 060 060 060 0-60 
762 966 280 249 29-2 478 514 122 95:9 106 96-4 

The first-order velocity coefficient for (6), viz., kg,, was at first almost equal to that 
for (a), being generally very slightly greater. (We take this to mean that the water in the 
aqueous solvent has but little effect on the rate of racemisation.) The value of the co- 
efficient rose steadily during any one run, the rise being bigger the smaller the initial 
mercuric chloride concentration (Table III). This rise was traced to the production of 
hydrogen chloride during the hydrolysis, because, by introducing hydrogen chloride of the 
appropriate concentration at the commencement of the reaction, the coefficient did not 
increase during the run and its value was relatively high (Table VI). 

We have used the first-order coefficients for the velocity of hydrolysis as given by the 
titrimetric measurements (c) so as to be able to compare these coefficients with those of 
(a) and (0), and not because we favour a unimolecular mechanism. The coefficient ,., 
was constant during that portion of molecular change of «-phenylethyl chloride equal to 
about one-tenth of the molar concentration of mercuric chloride introduced, but then in 
contrast with k,, it fell rapidly (Table V). This fall is analogous to that which occurred 
with alkyl bromides (Read and Taylor, Joc. cit.), where it was shown to be due to the 
generation of hydrogen bromide during the hydrolysis, probably owing to the removal of 
mercuric halide in complex-ion formation: HBr + HgBr, —> H’ + HgBr,’. A similar 
explanation is assumed to explain the present data; #.e., HCl + HgCl,—-> H* + HgCl,’. 

Possibly the most significant fact emerging from this investigation was that, although 
at the higher mercuric chloride concentrations the initial values of the velocity coefficients, 
Re), Rw, and k,,, were almost identical, at the lower concentrations the earlier values of 





[1940] the Hydrolysis of «-Phenylethyl Chloride, etc. 681 


k.., were considerably higher than those of k, or ky, From this it follows, first, that since 
hydrolysis is proceeding more quickly than racemisation it cannot occur subsequently to 
racemisation, and the mechanisms of the two processes must be distinct. Secondly, 
because a-phenylethyl chloride and alcohol of the same sign of rotation have the same 
configuration, because optically pure «-phenylethyl chloride and alcohol have [«]?”” = 50-6° 
and 43-4° respectively (Hughes, Ingold, and Scott, doc. cit.), and because at these low mercuric 
chloride concentrations the early rate of hydrolysis is much higher than the early rate of 
change of rotation during hydrolysis, it is inferred that hydrolysis must at first occur with 
retention of configuration. However, the final product is very slightly inverted in con- 
figuration and therefore later on in the hydrolysis, 7.e., when k,,,. << Rk», substitution must 
occur with inversion. 


TABLE III. 


Initial and final values of the first-order velocity coefficients (mins.-*) for (6) the change of rotation 
during hydrolysis and (c) the hydrolysis of a-phenylethyl chloride, in acetone containing mercuric 
chloride. Initial and final rotations and final acidity concentrations are also given. 

{H,O] = 2-7778 throughout. 
[CHPhMeC]] ~ 0-18. ~~? == 0-1791. 

Initial ky) Final ke iti i Initial ky, Final ky inal 
x 104. x 104. — ». x 104. x 104. (HCl). 
7-73 15-6 , S ° 0-1726 
30-4 57-1 S . : 0-1722 
121 206 , ° : 0-1736 
528 643 G : 0-1735 


EXPERIMENTAL. 


dl-x-Phenylethyl alcohol. This was prepared both from methylmagnesium iodide and 
benzaldehyde and from phenylmagnesium bromide and acetaldehyde; the products had 
b. p. 101—102°/17 mm. and 104—105°/16 mm., respectively, and the yields were 78% and 51%, 
calculated on the weight of the aldehyde used. 

d- and l-a-Phenylethyl alcohols. The hydrogen phthalate of the di-alcohol (Houssa and 
Kenyon, J., 1930, 2260), isolated by the method of Duveen and Kenyon (J., 1936, 621), was 
resolved by fractional crystallisation of the brucine salts from dry acetone (Downer and Kenyon, 
J., 1939, 1156), and the d- and the /-alcohol isolated by the usual methods. 

dl-, d-, and l-a-Phenylethyl chlorides. These were obtained in good yield by the action of 
thionyl chloride on the corresponding alcohols (Hughes, Ingold, and Scott, loc. cit.); b. p. 
82—83°/18 mm., 88—84°/19 mm. (Found : Cl, 25-2. Calc.: Cl, 25-2%). 

dl-~-Phenylethyl bromide was prepared by treating the dl-alcohol in dry benzene with 
hydrogen bromide (Hughes, Ingold, and Scott, loc. cit.); b. p. 102—103°/17 mm. (Found: Br, 
42-4. Calc.: Br, 43-2%). 

TABLE IV. 
[CHPhMeBr] = 0-2000 and [H,O] = 2-7778 throughout. 
[HBr] = 0-0490, [HgBr,] = 0-000. [HBr] = 0-0481, [HgBr,] = 0-0500. 
t. [HBr]. * ; i [HBr]. * k x 103, 
2-20 0-0571 0-0081 . 0-0574 0-0093 341 


6-35  0-0722  0-0232 . . 0-0729  0-0248 359 
20:10 00-1124  0-0634 0-0869  0-0388 361 
22-61 01195 0-0705 . . 00971 0-0490 340 
25-01  0-1238  0-0748 . 01016  0-0535 (295) 
43-3 01500 00-1010 ; 0-1059  0-0578 (226) 
49-2 0-1551 00-1061 . 0-1093 0-0612 (166) 
67-2 0-1653 00-1163 . 01109  0-0628 (142) 
[CHPhMeCl] = 0-2000 and [H,O] = 5-5556 throughout. 
my = 0-0517, [HgCl,] = 0-0000. [HCl] = 0-0550, [HgCl,] = 0-2000. 
(HCI). & k x 10°. ; (HCI). 
0-0546  0-0029 0-773 0-0864 
0-0684  0-0167 0-775 ; 0-1119 
00871  0-0354 0-789 . 0-1301 
01027 0-0510 0-778 0-1443 
0-1174  0-0657 0-784 0-1552 
0-1645 
0-1724 
0-1740 
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Mercuric chloride had m. p. 276°, and mercuric bromide m. p. 236°, and both gave neutral 
solutions in acetone. The acetone used in the kinetic experiments was purified by the method 
of Conant and Kirner (J. Amer. Chem. Soc., 1924, 46, 245). 

Kinetic Experiments.—Hydrolysis of dl-a-phenylethyl chloride and bromide at 50° in presence 
of added hydrogen and mercuric halides. ‘The procedure was as already described (J., 1939, 1875), 
bromophenol-blue being the indicator. For comparison with these previous results the second- 
order velocity coefficient was required and was calculated from 

k = [2-303/t(a — b)] . logy, b(a — x) /a(b — x) 
t being the time in hours, and a and b the concentrations (in g.-mols./l.) of water and organic 
halide respectively. A summary of the results is in Table I, and representative runs in Table 
IV. Even with added hydrogen halide of 0-05m concentration, this was insufficient to check the 
fall in the later values of the coefficient. 

The hydrolysis and vacemisation of a-phenylethyl chloride at 20° in presence of added mercuric 
chloride but with no added hydrogen chloride. The value of the rotatory power, aj” (J = 2), at 
zero time was obtained either by extrapolation or by measurement of a dry acetone solution 
containing only a-phenylethyl chloride and of the same concentration as was employed in the 
kinetic experiments. Mercuric chloride, especially at the higher concentrations and in dry 
acetone, caused the development of a yellow to brown colour which militated against accuracy 
in the later readings of some of the runs. The first-order velocity coefficients were calculated 
from the equations : 


(a) for racemisation in dry acetone, ki, = (2-303/t)(logy) a — logy, %), 
(b) for change of rotation during hydrolysis, j 


Re = (2-303/2) [log yo (% — a,,)/logr9 (a — «,,)], 
(c) for hydrolysis, ky. = (2-303/t)[log,, a/(a — x)] 
t being the time in minutes and a the concentration (in g.-mols./l.) of a-phenylethyl chloride. 
The results have been summarised in Tables II and III. Representative individual runs are 
given in Table V. 
TABLE V. 


[HgCl,] = 0-3000 throughout. 
(a) [CHPhMeCl] ~ 0-18, (6) [CHPhMeCl] ~ 0-18, (c) [CHPhMeCl] = 0-1791, 
[H,O] = 0-0000. [H,O] = 2-7778. [H,O] = 2-7778. 
020", ke X 104. . a2”, ke X 104. z. *. Rw X 104. 
— 1-95° —- — 1-93°* 0-0053 
— 1-95 . — 1-90 0-0103 
— 1-95 | — 1-89 0-0140 
— 1-90 — 1-87 0-0185 
— 1-82 0-0218 
— 1-71 0-0261 
— 1-39 0-0345 
— 1-05 0-0464 
— 0-73 0-0663 
— 0-65 — 0-42 0-0778 
— 0-13 0-1310 
+ 0-08 0-1734 
+ 0-08 12,958 0-1734 
* By extrapolation. 
[HgCl,] = 1-200 throughout. 
(a) [CHPhMeC]] ~ 0-18, (6b) [CHPhMeCI] ~ 0-18, (c) [CHPhMeCl] = 0-1791, 
[H,O] = 0-0000. {H,O] = 2-7778. [H,O] = 2-7778. 
t. a2", Rey X 104. ° ° ke X 104. z. *. 
— 1-90°F —- : 7 0-0540 
— 1-16 5 : 0-0788 
— 1-01 . 0-0920 
— 0-88 - , 0-1028 
— 0-70 . - 0-1091 
— 0°54 . ° 0-1129 
— 0-45 - 0-1310 
— 0-30 . 0-1439 
— 0-24 . 0-1608 
— 0-14 . 0-1680 
0-00 - 0-1729 
0-1723 
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In connection with the titrimetric experiments mercuric chloride was itself found to suffer 
hydrolysis in 95% aqueous acetone at 20°, but the rate of such hydrolysis was so low as not to 
affect the early and constant values of k,.,. The following figures show this when compared with 
those in Table V : 


[CHPhMeCl] = 0-0000, [HgCl,] = 0-3000, [H,O] = 2-7778. Temp. 30°. 


8 (MINS.)  ....0. cccccccecee 51 112 190 275 355 1330 7088 
[ICT] ccccsccccccccccccces 00089 0-0161 0-0240 0-0240 0-0233 0-0250 0-0264 


The effect of added hydrogen chloride on the rate of change of rotation during hydrolysis. The 
effect of added hydrogen chloride in increasing and rendering constant the first-order velocity 
coefficient for the change of rotation during hydrolysis is illustrated in Table VI. 









TABLE VI. 




















[CHPhMeCI] ~ 0-18, [H,O] = 2-7778, [HgCl,] = 0-3000, [HCI] = 0-14. 
t(mins.). 2%. ky X 104. t(mins.). a. kg) x 104. 
0 sry 135 1-05° 49-6 
15 — 1-90 50-7 173 0-87 49-6 
18 — 1-85 55-8 249 0-58 50-7 
29 — 1-73 58-6 7260 0-00 at 
56 — 1-55 50-0 8940 0-00 aan : 
70 — 1-40 54:7 


t By control experiment. 


Examination of Reaction Products.—dl-a-Phenylethyl chloride (14 g., 0-5 mol.), mercuric 
chlo “ide (32-6 g., 0-6 mol.), and water (20 g., 5-6 mols.) were dissolved in acetone, and the solu- 
tion (200 ml.) left at 20° for 48 hours. The liquid was filtered three times through anhydrous 
potassium carbonate, the acetone removed by distillation, and benzene added with the intention 
of extracting the reaction products—both mercuric chloride and water being almost insoluble 
in this solvent. However, no precipitation occurred, and the liquid was dried over anhydrous 
potassium carbonate. From this was obtained a liquid of b. p. 92-5—99°/18 mm. (6-5 g.). 
By the method of J., 1937, 347, this was found to contain 6-0% of styrene. The liquid (1-00 g.) 
also gave a phenylurethane (1-90 g.), m. p. 90° unchanged on admixture with the phenyl- 
urethane of authentic di-a-phenylethyl alcohol. 










One of us (W. T.) thanks the Leverhulme Trustees for a Fellowship. 
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128. Miro Resin. Part II. The Resin Acids. 
By C. W. Branpt and L. G. NEUBAUER. 


Two crystalline resin acids, both of formula C,,H;,O0,, have been isolated from the 
bled resin of Podocarpus ferrugineus. (1) Miropinic acid, m. p. 160°, [aJ]}®* — 3-6°, is 
tricyclic. On catalytic hydrogenation in ethyl acetate solution one of the two ethylenic 
linkages was reduced, resulting in the formation of two isomeric dihydro-acids. Each of 
these isomers, when further hydrogenated in acetic acid solution, yielded a different 
saturated tetvahydro-acid, together with a third dihydvo-isomer in small amount. 
Miropinic acid yielded pimanthrene when dehydrogenated with selenium. 

(2) isoMirvopinic acid, m. p. 284°, [a]}” + 21-2°, is present in the resin in small 
amount only. It is also obtained by the isomerising action of methyl-alcoholic 
hydrogen chloride on miropinic acid. 

















DuRING the course of the separation of the constituents of the bled resin from the New 
Zealand pine Podocarpus ferrugineus, or Miro, 4% of resin acids were isolated (J., 1939, 
1031). It is now shown that this consisted of approximately 85% of an acid, for which 
the name miropinic acid is proposed, together with 15% of an isomeric acid. Miropinic 
acid is only slightly soluble in 5% sodium carbonate solution but easily soluble in 4% 
caustic soda solution. isoMiropinic acid is insoluble in sodium carbonate solution and only 
slightly soluble in caustic soda solution. 
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Analyses and titrations of miropinic acid agreed with the formula C,)H,,0,, but the 
molecular weight, determined cryoscopically in benzene solution, gave values 1-6 and 
1-9 times the calculated value for this formula. However, the molecular weight of the 
methyl ester, determined cryoscopically, was in close agreement with that required for the 
proposed formula. 

Catalytic Hydrogenation.—Miropinic acid was hydrogenated in two stages and furnished 
five different products. In ethyl acetate solution, with either palladium-charcoal or 
Adams’s platinum oxide catalyst, a mixture of approximately equal amounts of «- and 
8-dihydromiropinic acids was obtained. Both products were unsaturated by the usual 
tests. These dihydro-isomers were further hydrogenated in acetic acid solution with 
platinum oxide catalyst. The «-dihydro-acid gave the saturated «-tetrahydromiropinic 
acid (yield, ca. 90%). The mother-liquor from the purification of this product contained a 
small amount of a third (y) dihydro-acid. The $-dihydro-acid gave §-tetrahydromiropinic 
acid (yield, ca. 90%), together with a small amount y-dihydromiropinic acid. The melting 
points of all the hydrogenation products were sharp and constant. The two tetrahydro- 
acids showed no depression in melting point when mixed, and similarly pairs of the three 
dihydro-acids melted gradually at intermediate temperatures. Mixtures of the dihydro- 
with the tetrahydro-acids all gave melting point depressions. Attempts to isomerise 
a-dihydromiropinic acid to the y-form by refluxing in acetic acid solution were not 
successful. 

Isomerisation.—Miropinic acid was not isomerised by boiling acetic acid. Preliminary 
isomerising experiments with boiling 95% formic acid gave a colourless resin which could 
not be crystallised. isoMiropinic acid was isolated in small amount from the unesterified 
residue from the preparation of methyl miropinate, indicating that miropinic acid is 
isomerised to some extent by alcoholic hydrogen chloride. 

Dehydrogenation.—Miropinic acid gave pimanthrene in good yield when dehydrogenated 
with selenium. 

To what extent the carbon skeleton of miropinic acid further resembles that of 
d-pimaric acid is not yet known. It is probable, judging from the resistance of the acid to 
esterification and of its ester to saponification, that the carboxyl group in miropinic acid 
is linked to a quaternary bound carbon atom. d-Pimaric acid, like miropinic acid, yields 
mixtures of dihydro- and tetrahydro-acids on catalytic hydrogenation (Ruzicka, Huyser, 
and Seidel, Rec. Trav. chim., 1928, 47, 363), but the physical constants of these products 
differ widely from those of the products obtained from miropinic acid. 

Resin acids possessing melting points close to that of miropinic acid have been recorded 
previously. Cryptopimaric acid, isolated from Cryptomeria japonica, has the formula 
CypHg 0, and m. p. 159—161°, but has [«]}7*"’— 18-99° (Keimatsu, Ishiguro, and Fukuri, 
J. Pharm. Soc. Japan, 1937, 57,69). Cryptopimaric acid yielded pimanthrene on selenium 
dehydrogenation, but the degree of unsaturation was not recorded. Another acid, un- 
named, of m. p. 158°, was isolated from the wood of the New Zealand tree Dacrydium 
biforme (Hosking and Brandt, Ber., 1935, 68, 1313) but was not further described. The 
same acid (by mixed melting point) was later obtained from the wood of D. Kirkii (Hosking, 
N.Z. J. Sct. Tech., 1937, 19, 208) and described as having a small levorotation, formula 
Cy9H390., and two ethylene linkages; it also gave pimanthrene on selenium dehydrogen- 
ation. A specimen of resin acid (m. p. 158°) extracted from a small sample of D. biforme 
wood was not depressed in melting point when mixed with miropinic acid, but the quantity 
was too small for the determination of optical activity. It is concluded that these acids 
are either identical or stereoisomeric. Miropinic acid is thus probably identical with the 
acid from D. Kirkii, although the value of the small levorotation of this acid was not 
recorded. 

isoMiropinic Acid.—When a solution of the crude, mixed resin acids in 4% aqueous 
caustic soda was saturated with carbon dioxide, a small amount of isomiropinic acid was 
precipitated. It had a low solubility in organic solvents and was unsaturated by the usual 
tests. Analyses and titration agreed with the formula C,,H;,0,. It caused no depression 
in melting point when mixed with the acid of similar melting point and optical activity 
obtained by the isomerisation of miropinic acid. When isomiropinic acid was catalytically 
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reduced in acetic acid solution, a neutral unsaturated product, C,9H3,0, was obtained; 
this substance has not yet been further investigated. 


EXPERIMENTAL. 


Isolation of the Resin Acids.—500 G. of miro resin in ethereal solution, when shaken with 
5% sodium carbonate solution, yielded only traces of acidic material. The ethereal solution was 
then extracted with 4% caustic soda solution; saturation of this extract with carbon dioxide 
precipitated 2-5 g. of crystalline isomiropinic acid, which was filtered off. Acidification of the 
filtrate with dilute sulphuric acid gave 18 g. of crystalline miropinic acid, which was recrystallised 
from methyl alcohol and washed with light petroleum, dark-coloured resinous impurities being 
thereby rapidly removed. Five recrystallisations gave white needles, m. p. 160° [Found: C, 
79-3, 79-4; H, 10-0, 10-1; M (titration with 0-1N-sodium hydroxide) for a monocarboxylic acid, 
301. CoH 390, requires C, 79-4; H, 100%; M, 303]. [a]}®* — 4-3° (10-4% solution in 1:1 
alcohol—chloroform). After six further crystallisations from 96% alcohol the m. p. was unaltered 
and [a]}®* was — 3-6°. The acid was very soluble in chloroform or benzene, moderately easily 
soluble in ether or alcohol, and only slightly soluble in light petroleum. In the Liebermann 
reaction it gave an intense violet-red coloration. Neutral permanganate was readily absorbed 
in acetone solution; small amounts of bromine in chloroform solution were absorbed and in the 
same solvent the acid gave a faint but definite coloration with tetranitromethane. 

Methyl miropinate. Miropinic acid (3-7 g.) and 4% methyl-alcoholic hydrogen chloride 
(22 g.) were refluxed for 2 hours, and the product poured into water. An ethereal extract was 
shaken with aqueous sodium hydroxide, the ether removed, and the residual ester (0-9 g.) 
distilled at 148°/0-3 mm., giving a colourless viscous oil (0-7 g.) [Found: C, 79-8; H, 10-3; 
M (cryoscopic in benzene), 315. C,,H;,0, requires C, 79:7; H, 10-2%; M, 316]; d2 1-032, 
n®” 1-5203, hence [Rz]p 93-3 (calc. for C,,H;,0, [2, 93-3). Saponification of the ester at 140° 
in a pressure flask with 2n-alcoholic caustic potash (Found: M, 321) furnished the theoretical 
amount of acid, m. p. (after five crystallisations from methyl alcohol) 159°, not depressed by 
miropinic acid. Experiments at 100° and with weaker caustic potash gave lower saponification 
values and a proportion of ester could be recovered from the products. 

Catalytic Hydrogenation.—(1) Neutral solvent. Miropinic acid (4 g.) in ethyl acetate was 
shaken in hydrogen with 10% palladium-charcoal (0-75 g.); 315 c.c. of hydrogen were absorbed 
during 8 minutes and no further absorption could be effected by prolonged shaking and heating 
(|T requires 74 c.c. of hydrogen for each g. of acid). After filtration and removal of the solvent 
3-9 g. of oily crystals were obtained. On systematic crystallisation from alcohol this product 
was separated into approximately equal amounts of an a-dihydro-acid, white needles, m. p. 
176°, [a]}*° — 10-5° (5% solution in alcohol) (Found : C, 79-0; H, 10-6%), and a $-dihydro-acid, 
white needles, m. p. 115°, [a]}* + 23-2° (6% solution in alcohol) (Found: C, 78-7; H, 10-7. 
Cy95H;,0, requires C, 78-9; H, 10-6%). Both dihydromiropinic acids gave a definite brown 
coloration with tetranitromethane in chloroform solution and absorbed bromine in the same 
solvent. Miropinic acid (1 g.), when hydrogenated in the same way but with Adams’s platinum 
oxide as catalyst, furnished the same mixture of dihydro-acids. 

(2) The dihydro-acids in acetic acid. a-Dihydromiropinic acid (0-9 g.) was dissolved in 
glacial acetic acid (70 c.c.) and shaken in hydrogen with 0-05 g. of Adams’s catalyst. Absorption 
ceased after 75 minutes, 76 c.c. of hydrogen having been absorbed. The solution was filtered 
into water, and the crystalline precipitate recrystallised from alcohol, yielding «-tetrahydro- 
mirvopinic acid in white needles, m. p. 170°, [«]} + 15-2° (4-5% solution in alcohol) (Found : 
C, 78:3; H, 11-2. C,.H,;,O, requires C, 78-4; H, 11-2%). The mother-liquor yielded 0-1 g. of 
y-dihydromiropinic acid, white needles, m. p. 113°, [a]}® + 46-2° (9-2% solution in alcohol, 
semi-micro) (Found: C, 78-7; H, 10-7. Cy oH;,O, requires C, 78-9; H, 10-6%). §-Dihydro- 
miropinic acid (0-75 g.), when similarly hydrogenated, absorbed 72 c.c. of hydrogen during 
85 minutes; no further reduction occurred on shaking and warming. After recovery and 
recrystallisations from alcohol 8-tetvahydromiropinic acid was obtained in white needles, m. p. 
170°, [«]#" + 30-5° (3% solution in alcohol, semi-micro) (Found: C, 78:3; H, 11:2%). Puri- 
fication of the mother-liquors gave 0-06 g. of y-dihydromiropinic acid (by mixed m. p.), [a]}>* 
+ 46-4° (7-8% solution in alcohol, semi-micro). The y-dihydro-acid gave a faint colour with 
tetranitromethane in chloroform solution and absorbed bromine from the same solvent. The 
a- and the 8-tetrahydro-acid were inert to both these reagents. 

Selenium Dehydrogenation.—Miropinic acid (1-2 g.) and selenium (2 g.) were heated for 24 
hours at 320—340°. Extraction of the reaction mixture with ether yielded 0-4 g. of oily crystals, 
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which, when distilled, gave two fractions, b. p. 150°/0-3 mm. : (1) 0-1 g., oily crystals, (2) 0-2 g., 
solid crystals. Fraction (2) was recrystallised from alcohol to constant m. p. 86°, not depressed 
by pimanthrene. Recrystallisation of fraction (1) gave a similar result. The picrate formed 
yellow needles, m. p. 130°, and the styphnate, yellow needles, m. p. 158°, both from alcohol; 
neither m. p. was depressed by the corresponding pimanthrene derivative. Oxidation of the 
pure hydrocarbon (0-06 g. after recovery from the picrate and styphnate by treatment with 
warm aqueous ammonia) with chromic—acetic acid mixture, and recrystallisation of the product, 
gave orange needles (m. p. and mixed m. p. 164°) of pimanthrenequinone. 

isoMiropinic Acid.—This acid (2-5 g.), isolated from the crude acids, had a very low solubility 
in most organic solvents and was readily separated from soluble impurities by washing with 
alcohol, chloroform, and benzene. Recrystallisation from a large volume of acetic acid, and 
also from dioxan, in which it was most soluble, gave the acid in white needles, m. p. 284° 
[Found : C, 79-6; H, 10-1; M (titration with 0-1N-sodium hydroxide), 306 for a monocarboxylic 
acid. C,,H,,O, requires C, 79-4; H, 100%; M, 303]. [a]}?’ + 21-2° (3:3% solution in 
dioxan). 

The aqueous sodium hydroxide solution obtained during the purification of methyl miro- 
pinate was acidified and extracted with ether. Removal of the ether gave a crystalline residue 
(2-5 g.), which, when washed with alcohol, gave 2-3 g. of miropinic acid (identified by mixed 
m. p.) and left a residue (0-2 g.) which crystallised from dioxan in minute white needles, m. p. 
184°, [aj}7 + 21-4° (0-84% solution in dioxan, semi-micro); no melting-point depression 
occurred on admixture with isomiropinic acid. 

Catalytic Hydrogenation of the iso-Acid.—The acid (0-48 g.) was dissolved in glacial acetic 
acid (80 c.c.) and shaken in hydrogen with platinum oxide catalyst (0-05 g.). In the cold, 
94 c.c. of gas were absorbed during 1} hours’ shaking; continued shaking and warming did not 
cause any further reduction. The solution was filtered into water and the resinous mass which 
separated on shaking was removed, dissolved in ether, and shaken with 4% aqueous sodium 
hydroxide; no resin acid could be extracted. The neutral material recovered from the ether 
could not be crystallised and on distillation at 200°/0-3 mm. gave 0-11 g. of a pale vitreous resin 
(Found: C, 83-8; H, 10-7. _ C.9H3,O requires C, 83-8; H, 10-6%). The resin was very soluble 
in organic solvents, could not be crystallised, and was unsaturated to tetranitromethane and to 
bromine in chloroform solution. 


DoMINION LABORATORY, WELLINGTON, NEW ZEALAND. [Received, March 2nd, 1940.] 





129. Some N‘*-Diethylaminoalkyl-N'-dialkylsulphanilamides * and 
Related Compounds. 


By JAMES WALKER. 


Sulphanilamide derivatives have a marked action on Pl. knowlesi infection of 
monkeys, a doubtful action on human malaria and no action on avian malaria. Since 
plasmochin and atebrin were developed through bird malaria tests, a number of 
sulphanilamide derivatives with basic side chains, resembling those of plasmochin and 
rhodoquine, were prepared in the hope that activity against bird malarial infection 
might be developed; the products, which were of the type 


Et,N-[CH,JvNH{ SO, NR'R”, 


were inactive in Pl. velictum infection of canaries. 


THE dramatic success which attended the introduction of the sulphonamide drugs into 
chemotherapy prompted trials of these agents in many infections other than those due to 
hemolytic streptococci against which the compounds were, in the first instance, applied 


* The nomenclature of substituted sulphanilamides is that of Crossley, Northey, and Hultquist 
(J. Amer. Chem. Soc., 1938, 60, 2217), which is receiving wide adoption in the American sulphanilamide 
literature. ‘‘ In sulphanilamide the sulphonamide group, being the principal functional group, occupies 
the 1-position in the ring. The nitrogens are differentiated by superscripts: N! referring to sub- 
stituents on the amide nitrogen and N‘ to substituents on the amino-nitrogen.” 
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by Domagk (Deut. med. Woch., 1935, 61, 250). In 1937, encouraging clinical reports raised 
hopes that members of the sulphonamide group might be effective in human malaria but 
subsequent study has tempered the early promise with caution and, from a growing 
malaria-sulphonamide literature, it now appears that, of all forms of malaria, only Pl. 
knowlesi infection of monkeys is consistently controlled by sulphanilamide and its hitherto 
applied derivatives (cf. especially, Coggeshall, J. Exp. Med., 1940, 71, 13). Antimalarial 
drugs such as plasmochin and atebrin were developed with the aid of tests on bird infections 
(Roehl, Arch. Schiffs- u. Tropen-Hygiene, 1926, 30, Beih. 3,11; Kikuth, Deut. med. Woch., 
1932, 58, 530) and these drugs are also active to some extent in monkey malaria. On the 
other hand, drugs of the sulphanilamide class have not so far been found to be active in 
bird malaria and the object of the present investigation was to see whether the antimalarial 
action of sulphanilamide, as shown by its effect on Pl. knowlesi in monkeys, could be further 
developed by the incorporation of basic side chains reminiscent of those of plasmochin and 
rhodoquine (Fourneau 710) to give drugs effective in bird malaria and thus facilitate further 
search for new human antimalarials. 

Such side chains could be attached either to the N4- or the N1-nitrogen atom or to the 
nucleus of sulphanilamide and the type selected was (I) in which the basic side chain is 
attached to the N4-nitrogen atom. Access to compounds of the desired type (I; R’ = 
R” = alkyl) was obtained by condensing the potassium derivatives of N*-acetyl-N}- 
dialkylsulphanilamides (II; R’ = R” = alkyl) with §-diethylaminoethyl chloride or 


(I, Et,N:[CH]eNH{ SOyNR'R” CHyCONH( SOy'NR’R” ar) 


y-diethylaminopropyl chloride in xylene, followed by acid hydrolysis to remove the acetyl 
groups. In this way N*-§-diethylaminoethyl-N‘-dimethylsulphanilamide (1; n =2, 
R’ = R” = Me), -N}-diethylsulphanilamide (I; n = 2,R’ = R” = Et), -N}-pentamethylene- 
sulphanilamide (I; n=2, R’R” =C,;H,,), and N*-y-diethylaminopropyl-N1-dtethyl- 
sulphanilamide (1; n = 3, R’ = R” = Et) were prepared from the appropriate starting 
materials and isolated as the crystalline hydrochlorides; the last-named compound, in 
which the basic centres were separated by three methylene groups, gave a stable dihydro- 
chloride under conditions where the other three analogues (n = 2) formed only mono- 
hydrochlorides. The compound (I; » = 2, R’ = R” = Me) was also obtained in small 
yield by heating 6-diethylaminoethyl chloride hydrochloride and N1-dimethylsulphanil- 
amide together without a solvent. 

As the alkylation of N*acetylsulphanilamide (II; R’ = R” = H) had not been reported 
at the time these investigations were undertaken, it was thought desirable to see whether 
alkylation would take place at N or at N*. The alkylation of arylsulphonamides is, of 
course, a familiar process and proceeds with greater ease than that of acetanilide, but in 
the particular case of (II; R’ = R” = H) it might have been anticipated that the electron- 
attracting group para to the acetamido-group might have reinforced the effect of the 
acetyl group on the imino-hydrogen atom and assisted towards preferential alkylation on 
N4. This was not the case, as ethylation gave a product consisting essentially of N*- 
acetyl-N1-ethylsulphanilamide (11; R’ = Et, R” = H) and quite unlike N“acetyl-N*-ethyl- 
sulphanilamide (III; R = Me) in crystalline habit andm. p. In preparing (III; R = Me) 
only a small yield of sulphonyl chloride resulted from the action of chlorosulphonic acid on 
N-ethylacetanilide and this observation was subsequently corroborated by Adams, Long, 
and Johanson (J. Amer. Chem. Soc., 1939, 61, 2343), but on the other hand N-ethylform- 
anilide, treated with chlorosulphonic acid and then ammonia, gave the sulphonamide (III; 
R = H) in an overall yield of 64%. 


H 
RCONEtC SOyNH, Cees *NH-[CHg]," NH{ SO,H H,N: sof ‘ 


(III.) (IV.) (V.) 


A probable route to compounds of type (I) appeared to be by the introduction of the. 
sulphonamide group into N-diethylaminoalkylanilides, but neither N-8-diethylaminoethyl- 
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formanilide nor N-$-diethylaminoethylacetanilide underwent smooth sulphonation with 
chlorosulphonic acid and this route to compounds of the desired type appeared to be barred. 
Similarly N-y-phthalimidopropylformanilide gave no sulphonyl chloride on treatment with 
chlorosulphonic acid, but from the water-soluble portion of the reaction mixture a sparingly 
soluble substance was obtained having the composition and anticipated properties of y-(o- 
carboxybenzamido)propylaminobenzene-p( ?)-sulphonic acid (IV); it slowly separated from 
the strongly acid aqueous medium and obviously resulted from a primary product of the 
reaction, probably N-y-phthalimidopropylformanilide-p-sulphonic acid, by hydrolysis. 
Tests for antimalarial activity were kindly supervised by Prof. D. Keilin, F.R.S.; 
the four compounds of type (I), sulphanilamide, sulphapyridine (M. and B. 693), N*-formyl- 
N‘-ethylsulphanilamide (II1; R =H), N*-ethylsulphanilamide and 2-aminonaphthalene-6- 
sulphonamide (V) had no influence on the relapse rates in canaries infected with Pl. relictum. 
Drosdov and Stavrovskaya (Compt. rend. Acad. Sci. U.R.S.S., 1939, 28, 61) state without 
details that they have prepared several compounds analogous to (I) and that these also 
were inactive in bird malaria. Compound (V) was kindly tested by Dr. L. Colebrook for 
protective action in mice infected with hemolytic streptococci with negative results. 


EXPERIMENTAL. 


N*-Acetyl-N1-dimethylsulphanilamide (II; R’ = R” = Me).—Acetylsulphanilyl chloride 
(23 g.; 1 mol.) (Stewart, J., 1922, 121, 2558; ‘‘ Organic Syntheses,” 5, 3) in a mixture (200 c.c.) 
of equal parts of acetone and ether was treated with a chilled solution of dimethylamine (10 g. ; 
2 mols.) in ether (50 c.c.). There was a vigorous reaction and after a few minutes no basic 
odour was perceptible. The solvent was removed under reduced pressure at 60° and the solid 
residue was recrystallised from aqueous alcohol (yield, 22-9 g.; m. p. 102—103°). Colourless 
rhombs were obtained from 30% aqueous ethyl alcohol, m. p. after drying over calcium chloride 
in a vacuum, 106—107°; this material was obviously solvated, because drying in a vacuum 
at 100° caused the m. p. to rise to 145—146°. Recrystallisation from aqueous methyl alcohol 
gave thin hexagonal plates of the non-solvated compound, m. p. 145—146° (Found: C, 49-5; 
H, 6-1. Calc. for C,,H,,0O,;N,S: C, 49-6; H, 58%). Ganapati (J. Indian Chem. Soc., 1938, 
15, 525) records m. p. 143° and Sakai and Yamamoto (J. Pharm. Soc. Japan, 1938, 58, 683; 
Chem. Abst., 1940, 34, 86) found m. p. 103—130° for a product obtained by the methylation of 
N*-acetylsulphanilamide (II; R’ = R” = H) with methyl sulphate. 

N!-Dimethylsulphanilamide.—The acetyl derivative (4-65 g.) was refluxed for $ hour with 
16% hydrochloric acid (30 c.c.), and the crude product (3-6 g.) isolated by neutralisation with 
sodium bicarbonate. Recrystallisation from water afforded small colourless cubes with 
truncated corners, m. p. 169—170° (Found: N, 13-6; S, 16-1. Calc. for C,H,,0,N,S: N, 
14:0; S, 16-0%). F.P. 816,988 and Ganapati (loc. cit.) record m. p. 168° and 172° respectively. 

N‘-8 - Diethylaminoethyl-N*-acetyl-N'-dimethylsulphanilamide.—N*-Acetyl-N1-dimethylsul- 
phanilamide (II; R’ = R” = Me) (12-1 g.), partly dissolved and partly suspended in xylene 
(100 c.c.), was added to powdered potassium (1-95 g.) under xylene (50 c.c.) and the mixture was 
heated for 2 hours on the water-bath and then at 140—150° (oil-bath) until all the potassium 
had reacted (3—4 hours). The amber-coloured potassium derivative was a viscous gum when 
hot and a brittle resin when cold and appeared to be insoluble in xylene; these disadvantageous 
physical properties were shared by the analogous potassium derivatives to be described later 
and, by precluding intimate contact with the basic halides, were responsible for variations in 
the yields of condensation products obtained. When cold, the potassium derivative was broken 
up and treated with 6-diethylaminoethy]l chloride (12-8 g.; excess) (Gough and King, J., 1928, 
2437). The mixture was refluxed for 5 hours and darkened considerably towards the end of the 
operation. The cooled reaction mixture was treated with water and benzene and filtered from 
traces of tarry material. The separated benzene-xylene solution was washed twice with dilute 
hydrochloric acid (ca. 2N), once with water, and evaporated, yielding impure unchanged 
acetyldimethylsulphanilamide (1 g.). The acid washings were basified with sodium hydroxide 
solution, and the precipitated oil extracted with benzene, which, dried and evaporated, yielded 
a clear reddish-brown viscous syrup (12-7 g.) showing no tendency towards crystallisation. 
On fractional distillation in a vacuum there were obtained : (i) a fairly mobile, golden-yellow 
oil (1-53 g.), b. p. over a range but mainly ca. 195°/0-05 mm.; (ii) a golden-yellow viscous syrup 
(10-23 g.) distilling fairly steadily at 210°/0-05 mm. (Found: C, 57-1; H, 8-1; N, 12-0; S, 
9-8. C,,H,,0,N,S requires C, 56:3; H, 7:9; N, 12:3; S, 94%). The distilled product 
crystallised in plates on standing, but a satisfactory means of recrystallisation was not found. 
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N*-8-Diethylaminoethyl-N‘-dimethylsulphanilamide (I; m= 2, R’ = R” = Me).—(A) The 
above acetyl derivative (8-17 g.) was refluxed for 70 minutes with 16% hydrochloric acid (50 c.c.) 
and the cooled solution was then diluted with a little water and rendered strongly alkaline with 
sodium hydroxide solution. The precipitated oil was extracted with benzene and recovered 
as a light brown, viscous syrup (6-3 g.) distilling as a golden-yellow viscous syrup (5-9 g.) at 
approximately 195°/0-08 mm. (Found: C, 56°56; H, 85; N, 13-8; S, 10-5. C,,H,,0,N,;S 
requires C, 56-2; H, 8-4; N, 14:0; S, 10-7%). 

The hydrochloride was quantitatively precipitated from a benzene solution of the base with 
dry hydrogen chloride as a greenish-brown gelatinous mass which rapidly crystallised. 
Recrystallisation from absolute alcohol afforded small radiating clusters of prisms, m. p. 159— 
160° (Found : C, 50-2; H, 7-7; N, 12-8; S, 9-8; Cl, 10-4. C,,H,,;0,N;,S,HCI requires C, 50-1; © 
H, 7:8; N, 12-5; S, 9-5; Cl, 10-6%). 

(B) The compound was obtained in small yield when N1-dimethylsulphanilamide (1 g.) was 
heated at 145—150° for 5 hours with 6-diethylaminoethy] chloride hydrochloride (0-86 g.). The 
reaction mixture was worked up for strongly basic material and the resulting brown gum (0-14 g.) 
was converted into the hydrochloride as in (A) above. Recrystallisation yielded a product 
(50 mg.), m. p. 153—154°, raised to 155—-156° by one further recrystallisation and not depressed 
on admixture with the authentic substance prepared in (A). 

N‘*-Acetyl-N'-pentamethylenesulphanilamide (II; R'R’’ = C;H,,).—Acetylsulphanilyl chlor- 
ide (23-4 g.; 1 mol.) in acetone (300 c.c.) was treated with a solution of piperidine (20 c.c.; 2 
mols.) in acetone (50 c.c.); a vigorous exothermic reaction took place. After a few hours (room 
temperature) water (ca. 300 c.c.) was added, and the acetone distilled off under reduced pressure. 
The heavy oil left behind with the water rapidly solidified. It (27-6 g.) was collected and re- 
crystallised from 60% aqueous alcohol, forming colourless leaflets, m. p. 149—150° (Found : 
N, 9-3; S, 11-2. Calc. for C,;H,;,0,N,S: N, 9-9; S, 11:3%). Goldyrev and Postovskii 
(J. Appl. Chem. Russia, 1938, 11, 316; Chem. Abst., 1938, 32, 5800) record m. p. 156°. 

N*-8-Diethylaminoethyl-N1-pentamethylenesulphanilamide (I; n = 2, R'’R” = C,H,,.) Hydro- 
chloride.—N*-Acetyl-N1-pentamethylenesulphanilamide (15-5 g.) was converted into the 
potassium derivative with powdered potassium (2-14 g.) in xylene similarly to the example 
already given. §-Diethylaminoethyl chloride (10 g.; excess) was added to the mixture, which 
was then refluxed for 2 hours (bath 150°) until the solution began to darken appreciably. The 
mixture was worked up as in the previous example, and the product separated into neutral 
(6 g.; unchanged starting material) and basic (13-8 g.) portions. The crude reddish-brown 
viscous basic syrup (N‘-diethylaminoethyl-N‘-acetyl-N!-pentamethylenesulphanilamide) was 
at once hydrolysed with 16% hydrochloric acid (80 c.c.) under reflux for 80 minutes, and the 
free base (10-75 g.) recovered by addition of sodium hydroxide solution and extraction with 
benzene. The hydrochloride was quantitatively precipitated from a benzene solution of the base 
(10-2 g.) as a gelatinous mass which crystallised on standing. It was much more soluble than 
the dimethyl analogue described above and successive crops (total, 5-2 g.) were obtained from 
alcohol by concentration and cooling in the ice-chest. Recrystallisation from absolute alcohol 
afforded clusters of colourless radiating prisms, m. p. 201—203° (Found: C, 54:8; H, 7-7; 
N, 11-1; S, 7-9; Cl,.9-3. C,,H,,O,N,;S,HCl requires C, 54-3; H, 80; N, 11-2; S, 8-5; 
Cl, 9-5%). 

N*-8-Diethylaminoethyl-N‘-diethylsulphanilamide (I; n = 2, R' = R” = Et) Hydrochloride. 
—N*-Acetyl-N'-diethylsulphanilamide monohydrate (11 g.) (Gray, Buttle, and Stephenson, 
Biochem. J., 1937, 31, 727) was heated in a vacuum at 100° for }? hour to drive off the water of 
crystallisation. The resulting gum was emulsified with warm xylene (ca. 100 c.c.) and added 
to powdered potassium (1-49 g.) under xylene and after 4 hours’ refluxing the mixture was 
cooled, and the resinous insoluble potassium derivative broken up. §-Diethylaminoethyl 
chloride (7-8 g.; excess) was added to the mixture, which was again refluxed for 4} hours, 
darkening somewhat towards the end. As in the previous cases, the product was separated 
into crude neutral unchanged starting material (1-97 g.) and crude basic N*-diethylaminoethyl- 
N*-acetyl-N1-diethylsulphanilamide (10-65 g.) in the form of a reddish-brown syrup. The 
crude acetyl derivative was at once hydrolysed with 16% hydrochloric acid (80 c.c.) by refluxing 
for an hour and basic material (8-6 g.) was recovered in the usual way. At this stage the hydro- 
chloride could not be obtained in a crystalline condition until it was noticed that, though the 
basic material gave a clear solution with the calculated volume (1 equiv.) of n-hydrochloric acid, 
the solution was strongly acid in reaction and dilution with water produced a turbidity indicating 
contamination with a weak base. The entire basic material was dissolved in ether and fractionally 
extracted with n/10-sulphuric acid; this was effective in eliminating the weak basic impurity, 
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which was retained in the ether. The strong base was isolated (5-23 g.) from the acid washings 
and converted into the hydrochloride, which separated from alcohol—ether in colourless leaflets, 
m. p. 138—139° (Found : C, 52-8; H, 8-4; N, 11-3; S, 8-5; Cl,9-9. C,.H,O,N;S,HCl requires 
C, 52-8; H, 83; N, 11-6; S, 8-8; Cl, 98%). The weakly basic impurity (1-2 g.) recovered 
from the ether was recrystallised from 40% methyl alcohol; it had m. p. 104° alone and in 
admixture with authentic N!-diethylsulphanilamide (Gray et al., loc. cit., record m. p. 105°) and 
obviously resulted from the starting material by deacetylation prior to the separation of the 
reaction mixture into neutral and basic portions. 

N‘-y-Diethylaminopropyl-N'-diethylsulphanilamide (I; n= 3, R' = R” = Et) Dihydro- 
chloride.—y-Diethylaminopropyl chloride was prepared from the alcohol following Gough and 

’ King’s (loc. cit.) conditions rather than those of Magidson and Strukow (Arch. Pharm., 1933, 
271, 572). The hydrochloride could be recrystallised from acetone, but this was unsatisfactory 
on account of the very soluble and hygroscopic nature of the salt and the free base was purified 
by distillation. Acetyldiethylsulphanilamide monohydrate (14-7 g.) was dehydrated as 
before and converted into the potassium derivative in the usual way. After the addition of 
y-diethylaminopropyl chloride (10-8 g.; excess) to the xylene suspension of the potassium 
derivative the mixture was refluxed (bath, 160°) for 6 hours; the reaction mixture remained 
clear throughout and the darkening which took place in the experiments with diethylaminoethyl 
chloride was not observed in this case. The reaction mixture was worked up in the usual way, 
yielding neutral unchanged starting material (7 g.) and a rather viscous, brown basic gum 
(9-1 g.), which was immediately hydrolysed with 16% hydrochloric acid (70 c.c.) by refluxing for 
70 minutes. The deacetylated base was isolated and converted into the dihydrochloride, which 
separated from absolute alcohol in clusters of fine colourless prisms, m. p. 180—181° (Found : 
C, 49-3; H, 81; N, 9-9; S, 7-5; Cl, 16-7. C,,H;,0O,N,;S,2HCl requires C, 49-3; H, 8-0; 
N, 10-1; S, 7:7; Cl, 171%). 

N‘-Acetyl-N‘-ethylsulphanilamide (III; R = Me).—N-Ethylacetanilide (27 g.) was treated 
with chlorosulphonic acid (55 c.c.) at 65—-70° for 2} hours and the cooled reaction mixture was 
poured into ice-water in the usual way. The bulk of the precipitated sulphonyl chloride was 
much less than anticipated and several months after this observation was made Adams et al. (loc. 
cit.) stated that the yield of sulphonyl chloride obtained in this particular case is only of the 
order of 15—20%. Thedampsulphonyl chloride was at once shaken with 20% aqueous ammonia 
(40 c.c.); the resulting sulphonamide (III; R = Me) separated from water in stout colourless 
prisms (2-7 g.), m. p. 126—127° with frothing. This m. p. was not raised on recrystallisation 
and water of crystallisation appeared to be lost at ca. 102° (Found: N, 10-8; S, 12-3; loss at 
120°/16 mm., 6-9. C, 9H,,O,N,S,H,O requires N, 10-8; S, 12-3; 1H,O, 6-9%). 

N‘-Formyl-N‘-ethylsulphanilamide (II1; R = H).—In strong contrast with the preceding 
experiment a good yield of the sulphony] chloride was obtained from the formanilide derivative. 
N-Ethylformanilide (15 g.) (Pictet and Crépieux, Ber., 1888, 21, 1107) was added dropwise in 
the cold to chlorosulphonic acid (33 c.c.) and the clear, almost colourless solution was heated 
to 70—75° and kept at that temperature for 4 hours. The sulphonyl chloride was recovered 
in the usual way and treated while still moist with 16% aqueous ammonia (60 c.c.). After a 
short induction period an exothermic reaction took place. After 2 hours at room temperature 
the solid was collected, washed with water, and dried (yield, 16 g.; m. p. 187—188°). 
Recrystallisation from ethyl alcohol afforded colourless prisms, m. p. 188—189° (Found : 
C, 47-4; H, 5-0; N, 12-4; S, 14:5. C,H,,0,N,S requires C, 47-4; H, 5-2; N, 12-3; S, 14-0%). 

N‘-Ethylsulphanilamide.—Hydrolysis of the formyl] derivative (9 g.) with 16% hydrochloric 
acid (50 c.c.) under reflux for }? hour, followed by neutralisation with sodium bicarbonate, 
yielded a colourless solid (7-4 g.), which separated from aqueous alcohol in small stout prisms, 
m. p. 134—135-5° (Found: N, 13-9; S, 16-2. C,H,,0,N,S requires N, 14:0; S, 16-0%). 

N*-Acetyl-N!-ethylsulphanilamide (II; R’ = H, R” = Et) was obtained in almost quanti- 
tative yield by treating an acetone solution of acetylsulphanilyl chloride with an ethereal solution 
of ethylamine (2 mols.). The compound separated from water in fine plates, m. p. 153—155° 
(Found: N, 11-6; S, 13-2. Cj 9H,,O,N,S requires N, 11-5; S, 13-2%). 

Ethylation of N*‘-Acetylsulphanilamide (II; R’ = R” = H).—N‘*-Acetylsulphanilamide 
(5-3 g.) was added to 95% alcohol (40 c.c.) containing potassium hydroxide (1-4 g.). Heat was 
evolved and 50% alcohol (20 c.c.) was added to assist in dissolving the rather sparingly soluble 
potassium derivative. An excess of ethyl iodide (10 c.c.) was added, and the mixture refluxed 
for 2} hours. The solution was then neutral to litmus and was evaporated to small bulk and 
treated with water. The precipitated oil (4-9 g.) crystallised rapidly and it was isolated and 
dried in the usual way; the substance softened at 135°, collapsed at 138°, and only cleared 
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completely at ca. 195°. Recrystallisation from water afforded shining white plates, m. p. 140— 
141°, raised to 141—143° but no further by further recrystallisations; mixed m. p. with N‘- 
acetyl-N}-ethylsulphanilamide, 143—149°; mixed m. p. with N‘-acetyl-N*-ethylsulphanilamide, 
107—117°; mixed m. p. with N*-acetylsulphanilamide (m. p. 219°), 138—195° (Found: C, 
49-6; H, 6-0. C, 9H,,0O,N,S requires C, 49-6; H, 5-8%). 

N-8-Diethylaminoethylformanilide.—Formanilide (12-1 g.; 1 mol.) was converted into the 
sodio-derivative by 3 hours’ refluxing on the water-bath with powdered sodium (2-3 g.; 1 at.) 
in benzene (200 c.c.). To the cooled solution $-diethylaminoethyl chloride (13-5 g.; 1 mol.) 
was added, and the mixture left overnight at room temperature and then refluxed for 5 hours 
onthe water-bath. After the addition of water to the mixture, the benzene layer was separated, 
washed thrice with 2n-hydrochloric acid, dried, and evaporated, yielding a small amount of 
unchanged formanilide (0-5 g.). Basic material was isolated from the acid washings by addition 
of sodium hydroxide solution and extraction with ether. The ethereal extract was dried by 
shaking for a few minutes with potassium hydroxide pellets, decanted, and evaporated, yielding 
a reddish-brown oil (22 g.), which, on vacuum distillation, gave a colourless limpid oil (19-5 g. ; 
88%) with a feeble basic odour, b. p. 143—144°/0-1 mm., nj 15250 (Found: C, 71-2; H, 
9-1. Calc. for C,;H,ON,: C, 70-9; H, 91%). The observed b. P. was higher than that 
(126—127°/1-5 mm.) recorded in D.R.-P. 547,108. 

N-8-Diethylaminoethylaniline.—The above formyl derivative (33 g.) was boiled for a few 
hours with 22% hydrochloric acid (90 c.c.); the hydrolysis solution then assumed a succession 
of unexpected colours (initially colourless, then pink, violet and finally bright blue). The free 
base, isolated by the addition of aqueous potassium hydroxide and ether extraction, was distilled 
under reduced pressure, a colourless mobile oil (27-7 g.; 93%) with a feeble basic odour passing 
over at 152—153°/18 mm., mii" 1-5278 (Found: C, 75-1; H, 10-3. Calc. for C,,H,)N,: C 


, 


75-0; H, 10-4%). The observed b. p. was somewhat lower than that (163°/17 mm.) found by 
Clemo and Perkin (J., 1924, 125, 1809) ; E.P. 267,169 and E.P. 433,625 record b. p.’s 121—123°/5 
mm. and 145°/14 mm. respectively. 

N-8-Diethylaminoethylacetanilide.—The foregoing base (10 g.) was refluxed for a short time 
with acetic anhydride (25 c.c.), and the reaction mixture fractionated directly, giving a quanti- 
tative yield of pure acetyl derivative as a colourless oil, b. p. 118—120°/0-01 mm., ”}* 1-5118 
(Found: C, 72-2; H, 9-5. Calc. for C,,H,,ON,: C, 71-8; H, 94%). E.P. 267,169 records 


b. p. 134°/3 mm. 

Attempted Preparation of Sulphonamides from the above Anilides.—Sulphonation of either of 
the above anilides did not proceed smoothly under the conditions used by Stewart (J., 1922, 
121, 2558; ‘‘ Organic Syntheses,’ 5, 3) for acetanilide, much of the material being recovered 
unchanged. Diethylaminoethylformanilide (18 g.) was treated with chlorosulphonic acid (27 
c.c.) at first at 0° and then at 65—70° for 2} hours. The resulting mixture was cooled and 
poured into ice-water, to the slightly turbid solution an equal volume of concentrated ammonia 
solution (ca. 300 c.c.) was at once added, and the mixture set aside overnight. The oil (12-2 g.) 
which was precipitated was extracted with benzene and, on vacuum distillation, yielded only 
unchanged starting material (9-7 g.). A similar result was obtained with diethylaminoethyl- 
acetanilide. An unsuceessful attempt was made to effect sulphonation of the formyl deriv- 
ative in chloroform solution, followed by direct treatment of the reaction mixture with solid 
ammonium carbonate. 

N-y-Phthalimidopropylformanilide.—Formanilide (12-1 g.; 1 mol.) was converted into the 
sodio-derivative by heating on the water-bath for 5 hours with powdered sodium (2-3 g.; 1 
at.) in a mixture (200 c.c.) of equal parts of benzene and toluene. y-Bromopropylphthalimide 
(27 g.; 1 mol.) (kindly supplied by Dr. W. L. Glen) was added, and the mixture heated for 10 
hours on the water-bath. The reaction mixture was washed with water, dried, and evaporated, 
yielding a light khaki, crystalline solid (32-3 g.); this was recrystallised with little loss from 
methyl alcohol, fine square-ended colourless prisms separating, m. p. 123—124°, which was 
not raised by further recrystallisation at this stage, and the presence of a trace of bromine (i.e., 
unchanged bromopropylphthalimide) interfered with analysis (Found : C, 68-7; H,5-2%). The 
entire product was refluxed in methyl alcohol (250 c.c.) with fused sodium acetate (12 g.) for 
3$ hours. After evaporation of the solvent the halogen-free product was recovered in benzene 
and recrystallised as before, m. p. 126° (C, 70-0; H, 5-3. C,,H,,0,N, requires C, 70-1; H, 5-2%). 

Sulphonation of Phthalimidopropylformanilide. N~y-(0-Carboxybenzamido)propylaniline-p( ?)- 
sulphonic Acid (IV).—When chlorosulphonic acid (5 c.c.; ca. 7 mols.) was added at 0° to 
phthalimidopropylformanilide (6 g.), partial liquefaction of the latter occurred. The mixture 
was warmed gently and then maintained at 65—70° for 44 hours. Next day the golden-yellow 
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gum was warmed slightly to increase its mobility and added to melting ice with stirring. The 
precipitated gum showed no tendency to crystallise and so it was extracted with a considerable | 
bulk of ether and a little chloroform; the aqueous acid layer was retained for examination (see 
below). The ether-chloroform solution, dried and evaporated, yielded a viscous amber gum 
(4-43 g.), which partly crystallised on standing; it was dissolved in alcohol (50 c.c.), treated 
with concentrated aqueous ammonia (6 c.c.), and set aside for 24 hours. Dilution with water 
precipitated an oil, which was isolated by extraction with benzene. The gum (2-4 g.) thus 
isolated crystallised on standing, m. p. 100—107°; recrystallisation from aqueous methy] alcohol 
raised the m. p. to 117—119°, not depressed on admixture with the starting material, m. p. 
126°. As this portion of the product was free from sulphur, it was taken to be impure unchanged 
starting material. 

The aqueous acid layer (see above) on standing for 24 hours deposited a white microcrystalline 
solid, which was collected (0-74 g.), and the filtrate on further standing deposited a second crop 
(0-66 g.); a third crop (0-27 g.) separated during the next 2 days (total, 1-67 g.). The m. p.’s 
of the three crops lay in the range 250—253°. The substance was sparingly or not soluble in 
the usual organic solvents and separated from hot water in colourless microscopic plates, m. p. 
253° [Found: C, 54:2; H, 4:9; N, 7-4; S, 8-3; equiv., 188. C,,H,,0,N,S requires C, 54-0; 
H, 4:8; N, 7-4; S, 8-4%; equiv. (dibasic acid), 189]. 

2-A cetamidonaphthalene-6-sulphonamide.—(A) Grinding the sodium salt of 2-acetamido- 
naphthalene-6-sulphonic acid (1 mol.) (Forster, Hanson, and Watson, J. Soc. Chem. Ind., 1928, 
47, 1551) with phosphorus pentachloride (1 mol.) was an unsatisfactory procedure for the pre- 
paration of the acid chloride (cf. acetylsulphanilyl chloride; Schroeter, Ber., 1906, 39, 1563) 
owing to the difficulty of attaining intimate mixture. The reaction mixture was treated with 
water, and the insoluble sulphonyl chloride collected and treated with 20% aqueous ammonia 
at room temperature overnight. The amide separated from 25% aqueous methyl alcohol in 
minute needles which were greyish in bulk, m. p. 246—247° (Found: C, 54-2; H, 4:9; N, 
10-4; S, 12-1. C,,H,,0,N,S requires C, 54-5; H, 5-5; N, 10-6; S, 12-1%). 

(B) A better result was achieved by a modification of Heumann and Kéchlin’s procedure 
(Ber., 1882, 15, 1114). The sodium salt (6-7 g.) was added to chlorosulphonic acid (18 c.c.) at 
room temperature and the violet solution was set aside for 2} hours. The sulphony] chloride, 
isolated on the centrifuge after pouring into water, was converted into the amide in the usual 
way (yield, 5 g.), m. p. 246—247° (Found: S, 12-4%). The analysis shows that further sulphon- 
ation had not taken place and a mixed m. p. with the product obtained in (A) showed no 
depression. 

2-A minonaphthalene-6-sulphonamide (V) (Amide of Bronner’s Acid).—The acetyl derivative 
(4-4 g.) was refluxed for 40 minutes with 16% hydrochloric acid (80 c.c.), and the crude product 
(3-6 g.) precipitated by neutralisation with sodium bicarbonate. Recrystallisation from 40% 
aqueous methyl alcohol afforded slightly pink, long leaflets of irregular outline, m. p. 233-5— 
235° (Found: C, 54-0; H, 5:2; N, 12:3; S, 14:6. Cy 9H,,O,N,S requires C, 54:0; H, 4-5; 
N, 12-6; S, 14-4%). 
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130. Mechanism of Aromatic Side-chain Reactions, with Special Reference 
to the Polar Effects of Substituents. Part X. Depolarisation Potentials 
of p-Substituted Benzaldehydes in Acid, Neutral, and Alkaline Media 
at the Dropping-mercury Cathode. 


By Joun W. Baker, W. CuLe Davies, and (Miss) M. L. HEMMING. 


The depolarisation potentials of ~-R-C,H,,CHO (R = H, Me, Et, Pr®, Bu’, Cl, 
OMe, NMe,) in media of various pg values have been measured polarographically. 
The order of the depolarisation potentials of the alkyl-substituted benzaldehydes 
amongst themselves and relative to unsubstituted benzaldehyde is different at different 
values of px. 

An explanation of these results is attempted on the basis of the relative magnitudes 
and importance of the inductive and tautomeric electron-release effects of the alkyl 
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substituents in both the ground and the activated states, Hughes, Ingold, Masterman, 
and MacNulty’s treatment of the energy level being used in a manner similar to that 
previously applied to other problems (Baker, J., 1939, 1150). 


In a recent communication (Baker, J., 1939, 1150) suggestions were advanced which 
indicated the general lines along which an explanation of the effects of alkyl groups on various 
aromatic side-chain reactions might be sought. This explanation, made possible by the 
energy-level treatment of Hughes, Ingold, Masterman, and MacNulty,* was based 
essentially on the possession, by alkyl substituents, of combined polarisation (+ J, + M) 
and polarisability (+ E) effects, the relative magnitudes and importance of which are 
largely dependent upon the intimate requirements of the particular reaction mechanism. 

It was accordingly considered to be of interest and importance to investigate the 
depolarisation potentials of p-alkylbenzaldehydes by the polarographic method recently 
employed by one of us (Davies and Evans, J., 1939, 546) in the study of acetophenone 
derivatives. It was anticipated that such data would throw light on the effects of distant 
alkyl substitution on the direct, irreversible addition of hydrogen to the carbonyl double 
bond. The results of such an investigation are described in this communication and include 
a study of the effect of the ~_ of the medium on the relative ease of electroreduction of 
various -substituted benzaldehydes. 

As before, depolarisation potentials are corrected for the anode potential and finally 
referred to the datum E} = 0. Retention of the method of measurement of the polaro- 
grams adopted by Davies and Evans (loc. cit.), as opposed to the determination of “ half- 
wave potentials ’’ (Heyrovsky and Ilkovit, Coll. Czech. Chem. Comm., 1935, 7, 198), has been 
preferred because of the occurrence of adsorption maxima and because its simplicity is 
advantageous in comparative work. A strictly standardised technique was maintained 
throughout the whole series of measurements. 

Two capillaries were employed as dropping-mercury cathodes : one, which was used in 
taking measurements only in the ground electrolyte of tetramethylammonium bromide, 
had a drop speed of 2-8 secs. (in N/10-salt solution); the other, which was used in all other 
solutions, had a drop speed of 2-0 secs. The temperature was 21° + 1° throughout. 

Table I gives the depolarisation potentials of benzaldehyde in various media, the 
alcohol content of which was kept as low as possible. Some of the substituted benz- 
aldehydes are not sufficiently soluble in such a medium and the depolarisation potentials of 


TABLE I. 


Depolarisation Potentials of Benzaldehyde. 


Vol. of 0-04m- Ground Cell Anode potential, volts. Corrected 

Ph-CHO in alcohol _ electrolyte, potential, oo — — depolarisation 
added ; c.c. 20 c.c. volts.* . Corr. potential, volts. 

Buffer, py 1-4 (e) — 0-94 . 0-336 — 0-60 

a) — 1-33 — 0-93 

Buffer, pu 4 (o) — 1-60 0-398 { — 1-20 

Buffer, pg 7 — 1-47 ; 0-394 — 1-08 

Buffer, gs 8 — 1-47 0-372 — 1-10 

n/10-KCl — 1-51 0-336 — 1-17 
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n/10-NMe,Br_{ (4) — 1°37 0-203 toon + 


(b) — 1-94 — 1-74 
n/10-LiOH — 1-30 0-133 —117 
* (a) First wave, (b) second wave. 
t Measured against the n/10-calomel electrode. 


all the aldehydes recorded in Table II were measured in media containing approximately 
33% (by volume) of alcohol. 


An average anode potential, which does not depend appreciably on the particular 
aldehyde present, is recorded for each medium, and each result is a mean of two or more 


* The exigences of the present national emergency have further delayed the publication of this 
paper, but the present authors are greatly indebted to Prof. C. K. Ingold for his permission to extend 


the application of his method of treatment to the present results, completed just before the outbreak 
of war. 
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TABLE II. 


Depolarisation Potentials of p-Substituted Benzaldehydes, R-C,H,°CHO. 


Anode potential, 
volts. 
Ground pibit lil atid 
electrolyte. R= Cl. H. Me. Et. Pr8. Buy. OMe. NMe,. Obs.* Corr. 
Buffer, 1-4 —0-59 —0-64 —066 —0-66 —0-70 —0-67 —0-72 —0-63 —0-008 0-328 
ve (a) 

a) —0:95 —1-02 —1-035 —1-:02 —1-075 —1-:05 —1-09 —1-07 . 
Betet, Pu ¢ {f} Tet Lis Bl) Lis Ciao” Dias Lise lL. } 0081 o-8e7 
Buffer, pg 7 —105 —1-14 —1-:155 —1-14 —1-115 —1-11 —1-:22 —1-175 0-044 0-380 
Buffer, px 8 (2) —1-11 —1-19 —1-:24 —122 —122 -—122 — “" 0-034 0-370 

a) —1-12 —1-19 —125 —1:24 —1:24 —1-25 —1:31 —1-38 } ° : 
u/10-NMe,Br {3 —1-66 —1-74 —1-96 —1-99 —2.095 —211 —216 —2-18 J—0139 0-197 
n/10-KC1 —1-14 —120 —1-25 —126 —1-25 —1-25 —1-30 —1-40 —0-008 0-328 

(a) First wave, (b) second wave. 


* Measured against the n/10-calomel electrode. 


independent determinations concordant to + 0-005—0-01 volt. Wave heights are given 
in Table III (accurate to within 2%). 


TABLE III. 
Wave Heights (mm.) of p-R*C,H,-CHO referred to a Galvanometer Sensitivity of 1/100. 


Ground 
electrolyte. R = Cl. , " Et. 


8 en 50 
Buffer, Py 4 ...ccecccces ~ 
Buffer, py 7 93 
Buffer, px 8 67 
N/10-NMe,Br ............ ~ 
| Ta 50 


In every case solutions were made by adding 10 c.c. of m/50-aldehyde in alcohol to 
20 c.c. of the aqueous ground electrolyte, and about 5 c.c. of the resulting mixture used 
in taking a polarogram. The buffer solution of fy 1-4 was a Clark and Lubs standard made 
by diluting a mixture of 250 c.c. of 0-2m-potassium chloride and 207-5 c.c. of 0-2N-hydro- 
chloric acid to 1 litre. The others were MclIlvaine’s standards made by mixing the following 
quantities of the components : 


e 


pu 4. pu 7. pu 8. 
O-2m-NagHPO,, C.C.....ccccsssscscssscsscessesere 964 205-9 243-1 
O-IM-Citric acid, C.C. s.escecsesssssssssesssesere —-153°6 44-1 6-9 


Rapidity of measurement was essential in the aqueous-alcoholic mixture containing the 
pbx 8 buffer, since early salt crystallisation set in. 

Immediately after the aldehyde from a sealed tube had been weighed out and its solution 
in alcohol prepared, the mixtures in the various ground electrolytes were made up, and the 
polarograms taken, and completed within 1—1-5 hours of opening the tube of aldehyde. 
The solutions were electrolysed exposed to the air. The quantity of aldehydic oxidation 
product present was, therefore, likely to be very small. Its presence, however, can some- 
times be detected [see Fig. I (e), small wave immediately before the aldehyde wave]. 

The general appearance of the polarograms of the aldehydes is clear from Fig. 1. In 
strongly acid solution, buffered at p, 1-4, a single wave is obtained. In a buffer of py 4, 
two waves of almost equal height, and of total height approximately twice that of the 
single wave observed in the buffer of p, 1-4, are obtained. In the buffer solutions of py 7 
and 8 single waves of height a little less than the total height of the double wave obtained 
in the solution of pq 4 are given. A single wave, of height equal to that of the single wave 
in the strongly acid solution, is obtained in potassium chloride solution. In tetramethyl- 
ammonium bromide solution a double wave is obtained: the first wave is a little shorter 
than the first waves of the other solutions, but the second wave is distinctly shorter. This 
decrease is possibly due to the increase in drop speed of the mercury from the capillary, 


—_ om i 4) 
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which occurs when the voltage applied across the cell is proceeding beyond 2 volts; it 
seems unlikely that it indicates some change in the quantity of electricity required in the 
second stage of the reduction of the aldehyde. In spite of the very rapid drop rate above 
2 volts, the polarograms obtained were accurately reproducible. 

Aromatic aldehydes are, therefore, reduced electrically in two stages, and each stage 
requires 1 faraday per mol. (Tokuoka, Coll. Czech. Chem. Comm., 1935, 7, 392; and Table 
III). The non-occurrence of the second waves in the solutions of the aldehydes in potassium 
chloride and in a medium of py 1-4 is explained by the proximity of the potentials character- 
ising the second stage of the aldehyde reduction and those of the deposition of potassium 
or hydrogen ion, respectively, in these solutions. The waves due to the deposition of the 
latter elements are, therefore, coincident with the wave due to the second stage of the re- 
duction of the aldehyde. The single wave obtained in the solutions of p, 7 and 8 is due 
to the small difference in the depolarisation potentials of the two stages of reduction of 
the aldehyde in these solutions; no separation of the waves, therefore, results. 


Fic. 1. 
Polarograms of p-tert.-Butylbenzaldehyde. 


(c) (d) (¢e) (f) 


wile 


12 16 06 FOTO f4l0 1470 +0 20 
Potential, volts. 























10 C.c. of m/50-p-tert.-butylbenzaldehyde (in alcohol) in 20 c.c. of ory electrolyte. Ground electrolyte: 


(a) N/10-potassium chloride, (b) buffer py 1-4, (c) buffer pa 4, (d) buffer px 7, (ce) buffer px 8, (f) 
N/10-tetramethylammonium bromide. Galvanometer sensitivity, 1/200, except in (a), where it is 1/100. 


Adsorption Maxima.—No adsorption maxima occur in the polarograms of solutions of 
p-chlorobenzaldehyde, or with any of the aldehydes in neutral salt solutions. In the 
buffer solutions of py 7 and 8 (see Fig. 1) small maxima are produced. -tsoPropylbenz- 
aldehyde gives a large maximum in the solution of py 1-4 and a slightly smaller one on the 
head of the first wave in the solution of f, 4. -tert.-Butylbenzaldehyde behaves similarly, 
but the maxima are still greater. The addition of a small amount of aqueous sodium 
methyl-red satisfactorily suppresses the maxima, and the depolarisation potentials are 
unaffected. 

p-Dimethylaminobenzaldehyde gave slightly different polarograms from those of the 
other aldehydes in certain of the media. In the solution of py 1-4, the wave obtained (there 
is some indication of separation into two waves) is twice the height of that given by the 
other aldehydes, which suggests that the potentials at which the two stages of electrolytic 
reduction of this aldehyde occur are almost identical and less negative than the deposition 
potential of hydrogen ion. In the medium of p, 4 the separation of the two waves is in- 
distinct. The polarogram of the aldehyde in a medium of py 7 (Fig. 2) cannot be readily 
explained. The maxima are not suppressed by the addition of sodium methyl-red. The 
potential at A was taken as that at which the normal first stage of reduction takes place. 
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Polarograms of the type obtained by Tachi (Mem. Coll. Agric. Kyoto, 1938, No. 42, 16) 
with weak bases (e.g., pyridine) were not obtained here. 
Buffering —When investigating the influence of pg of the medium on the electro- 
reduction of an organic compound, it is of 
ve. great importance that the buffering should 
Benzaldehyde, p-Dimethylaminobenzaldehyde. be adequate, in order that the pg- 
depolarisation potential curves should be 
. rk smooth, and not show peculiar inflections 
G.5.= 1/200. G.S.= 1/500. in the neighbourhood of neutrality (Miiller, 
Chem. Reviews, 1939, 24, 107). The pro- 
portion of buffer to aldehyde used in the 
present work is not as great as Miiller 
suggests is generally desirable, but it is 
felt that it is adequate for the reduction 
of benzaldehyde and its derivatives. The 
actual amount of aldehyde reduced, and 
hence the amount of H* used or OH- 
produced at the cathode during the 
electrolysis, is exceedingly small. There- 
fore, if we only consider changes produced 
by the actual electrolysis, the buffer 
capacity employed by us is exceptionally 
10 C.c. of M/50-benzaldehyde or p-dimethylamino- high. The possibility of some change in 
benzaldehyde in alcohol and 20 c.c. of McIlvaine’s : : : : 
citric acid—phosphate buffer, px = 7. the organic compound in solution, irre- 
spective of the electrolysis, cannot be 
excluded and might demand still further buffering, but such complications are not 
expected to be important with the aldehydes studied. 








‘ 
v0 14 
Potential, volts. 


DISCUSSION. 


_ The depolarisation potentials of benzaldehyde have been measured by a number of 
investigators. Values are recorded in lithium chloride, and in mixtures of lithium chloride 
with lithium hydroxide or hydrochloric acid (Semerano and de Ponte, Gazzetta, 1932, 62, 
991), in ammonium chloride and in hydrochloric acid (Semerano and Chisini, ibid., 1933, 
63, 802, who also examined the influence of nuclear substituents, o-, m-, ~-Cl and CHs, 
o-OH, and f-OCHsg, on the potential). Winkel and Proske (Ber., 1936, 69, 693, 1917; 
1938, 71, 1785) also gave results in ammonium chloride solution for benzaldehyde and 
for p-chloro- and #-methoxy-benzaldehyde, and Adkins and Cox (J. Amer. Chem. Soc., 
1938, 60, 1151) for benzaldehyde and its p-methoxy-derivative in tetramethylammonium 
chloride. The method of measurement of the polarograms and the conditions used by these 
investigators are generally so diverse that no useful purpose would be served in comparing 
their numerical results with those now obtained. The most complete investigation of the 
polarographic waves given by benzaldehyde was conducted by Tokuoka (loc. cit.), but 
detailed potential measurements were not recorded. Tokuoka’s work is now fully 
confirmed. 

A quantitative study of the electroreduction of benzaldehyde under different experi- 
mental conditions was made by Law (J., 1906, 89, 1512; 1521; 1907, 91, 748). He 
isolated hydro- and isohydro-benzoin from an alkaline medium, and benzyl alcohol, stilbene, 
and benzene from an acid medium. The earlier workers employing the dropping-mercury 
cathode dealt only with the first wave of the reduction of benzaldehyde, and considered that 
hydrobenzoin was the final reduction product. Semerano and de Ponte (loc. cit.) assume 
that in acid solution the reduction is by primarily deposited hydrogen (compare Haber, 
Z. physikal. Chem., 1900, 32, 193) : 


H* + e—+> H; 2Ph:CHO + 2H —> Ph-CH(OH)-CH(OH)Ph 
but that in neutral or alkaline solution the reduction is by alkali metal 
Lit + e—~> Li; 2Ph-CHO + 2Li + 2H,O —> Ph-CH(OH)-CH(OH)Ph + 2LiOH 
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The more complete work of Tokuoka (loc. cit.) assumes that the first wave corresponds to 
reduction of benzaldehyde by primarily deposited hydrogen to a radical, which may then 
yield hydrobenzoin : 


Ht + e¢—» H; H + PhCHO —>» Ph-CH(OH) 


He considered that the second stage led to benzyl alcohol. Since it took place in neutral 
and alkaline media, and in tetramethylammonium salts, it does not necessarily involve 
the deposition of hydrions or of alkali metal, a conclusion confirmed by our new data, 
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2 3 4 5 6 
Py: 
Depolarisation potentials of p-R-C,H,CHO at various values of pu. 


These confirm that the electrolytic reduction of the benzaldehydes at a dropping-mercury 
cathode takes place in two stages. The first stage, which occurs in acid and neutral solutions, 
requires one faraday and one atom of hydrogen per molecule of aldehyde. The second 
stage requires a further one faraday per mol. and this occurs not only in acid and neutral, 
but also in alkaline media, 

It was originally hoped that the reaction would involve one of the simplest types of direct 
irreversible addition to the carbonyl bond, viz., the addition of hydrogen, but inspection of 
the depolarisation potentials given in Table II indicates that no simple interpretation of the 
data is likely to be satisfactory. A possible clue to the complexity emerges from a study of 
the form of the first-stage depolarisation potential_p, curves plotted in Fig. 3. 

Previous evidence (cf. Davies and Evans, loc. cit., and references there cited) suggests 
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that the electrolytic reduction of carbonyl compounds is facilitated (¢.e., the potential is made 
less negative) by electron recession from the seat of addition. This conclusion is further 
substantiated by two of the curvesin Fig.3. Atall values of py the depolarisation potentials 
of ~-chlorobenzaldehyde (— J effect of chlorine) are uniformly smaller, and those of - 
methoxybenzaldehyde (+ T effect of OMe group) are uniformly larger, than those of un- 
substituted benzaldehyde itself. A more complicated result is found in the case of the 
p-alkyl-substituted benzaldehydes. The curves for the Pr® and the Bu” derivative lie 
below that of benzaldehyde in the acid region up to about #, 5, at which point they cross 
the benzaldehyde curve and lie above it until round about the neutral point. At about 
py 7-5 they again cross the curve of the unsubstituted parent, and in a medium of py 8 
they possess larger depolarisation potentials than does benzaldehyde itself; 7.¢., the order 
of the depolarisation potentials of the p-alkylbenzaldehydes amongst themselves and 
relative to unsubstituted benzaldehyde depends on the py of the medium. Such behaviour 
recalls the alteration of the position of the 2 : 4-dinitro-substituent in the relative velocities 
of reaction between pyridine and substituted benzyl bromides with change in the character 
of the medium (Baker and Nathan, J., 1935, 1841), and is usually indicative of a mechan- 
ism which involves two factors of opposite polar requirements, either of which may be of 
dominating importance according to the experimental conditions. On this basis the follow- 
ing mechanism of the electrolytic reduction is tentatively suggested : it differs rather from 
earlier suggestions of other workers (briefly noted above) and even from the ideas put 
forward by Davies and Evans (loc. cit.). 

The general over-all mechanism of the first-stage reduction may be represented thus : 


_ R< S CH—OH 


= Te 


™ 

The two factors of opposite polar requirements are: (1) polarisation C—O of the carbonyl 
group and the supplementary attachment of a proton from the medium (facilitated by an 
accession of electrons); (2) attraction of an electron from the cathode (facilitated by 
recession of electrons from carbonyl carbon). Superimposed upon these requirements will 
be the variable operation of the polarisation and polarisability effects of the p-substituent 
according to the polar requirements of the actual process involved in the measurement of 
the depolarisation potential under any particular reaction conditions. An attempt has 
been made to effect a qualitative analysis and superimposition of these variable factors on 
the same lines as those previously applied to the prototropy of the methyleneazomethine 
system and the acid-catalysed prototropy of phenyl alkyl ketones (Baker, Joc. cit.). For 
this purpose the depolarisation potential may be regarded as a measure of the activation 
energy of the reaction, 7.e., the difference in energy levels between the requisite ground 
and activated states of those entities actually involved in the first stage of the electrolytic 
reduction. The purely arbitrary units employed to represent the magnitudes of electron- 
release are based on those previously used in the discussion of the dipole moments of 
alkylbenzenes (loc. cit.). Three types of reaction conditions are considered : (1) in strongly 
acid, (2) in neutral, and (3) in slightly alkaline media. 

Case 1. In acid medium py 1-4. In the presence of high concentrations of hydrions it 
is suggested that proton addition to the carbonyl group occurs rapidly and reversibly and 
that it precedes the attachment of the complex (I) to the cathode and the subsequent 
withdrawal of an electron. If the observed depolarisation potential is concerned with the 
later stage the above complex would represent the ground state of the reacting entity. Its 


8+  fN i] b+ 
@.) RC.HyCH—O H silinioes lil (II.) 


ease of formation and stability would be increased by electron accession from the p-alkyl 
substituent, especially by the tautomeric mechanism, and hence in assigning the arbitrary 
energy levels the inductve effect has been slightly, and the tautomeric effect substantially, 
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increased (Table IV). The activated complex through which actual withdrawal of an 
electron from the cathode occurs would then be of the type (II). The main polar effect of 
the p-substituent would be its ability to increase or decrease the positive charge on the 
carbonyl carbon. Since the withdrawal of an electron from the cathode would be hindered 
by electron-accession to the side chain, it is presumed that both the inductive and especially 
the tautomeric electron-release effects of alkyl substituents would be reduced in the 
activated complex. Arbitrary values, but qualitatively of correct relative magnitudes, are 
tabulated in Table IV. The differences in the last column are a measure of the change in 
the magnitude of the depolarisation potential relative to that of unsubstituted benzaldehyde, 
taken as a reference standard. A positive sign represents an increase and a negative sign 
a decrease in the depolarisation potential. The values arbitrarily assigned to Cl and OMe 
are based on the known strong — J, + T effect of the former and the weak — J, strong 
+ T effect of the latter. 


TABLE IV. 


Relative energy levels in the ground and activated states in the electrolytic reduction of 
R-C,H,°CHO in acid medium. 
Ground state. Activated state. 


, +T. Total (E,). +I. +T. Total (E,). 
CD stttbncmedetamclbene +70 
Diva neccteeneupesasere 60 
BP ncclit dds 20 
eee 0 
CREED sccusisscdcboosete 100 





The order of increasing depolarisation potential thus predicted would be 


p-Cl < H < Me = Bu’ x Et < Pr® < OMe, whereas the observed order is 
p-Cl < H < Mex Bu’ x Et < Pr® < OMe. 


Case 2. In a medium approaching neutrality. As the concentration of hydrions is 
reduced, proton-catalysis of the carbonyl group polarisation will be rendered increasingly 
difficult, and a stage may be reached when the depolarisation potential will be determined 
by the attraction of the polarised aldehyde molecule to the cathode and abstraction there- 
from of an electron prior to the subsequent addition of a proton, which might need to be 
abstracted from a neutral solvent molecule by the negatively charged ion first produced. 
On this assumption the ground state would be the ordinary aldehyde molecule (III). The 
stabilising effect of both the + J and the + T effect of the alkyl group R should be of the 
same relative importance as in Case 1 but of smaller magnitudes owing to the decreased 

+ 


[™ x /™ ¥ . oO a 
<Y — a, es n 
air) R-O) S-cH=0 Re »=CH—-O ay) 





—/ 


polarisation of the carbonyl group in the absence of proton catalysis. The activated 
molecule would be one in which the electron distribution approaches that represented by 
the structure (IV), and the polar effect of R should again be restricted to its stabilising 
effect on the positive charge The magnitude of the inductive component would probably 
remain almost unchanged, but a greater reduction of the tautomeric component (than that 
assumed in Case 1) would be anticipated because of the opposing +- T effect of the negative 
charge on the oxygen, which, in this case, has not been neutralised by proton addition. The 
arbitrary values assigned to each effect and the resultant effect on the depolarisation 
potentials are tabulated in Table V. 


The order of increasing depolarisation potential would thus be 


p-Cl < Bu’ < Pr? < Hx Et < Me < OMe: the experimental order is 
p-Cl < Bu’ < Pr? < H = Et < Me < OMe. 
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Case 3. In slightly alkaline or neutral salt solution. In alkaline media the hydrion 
concentration will have been reduced almost to zero and thus this case represents the limit 
to which the conditions depicted in Case 2 approach. The ground and the activated states 
would thus be the same as in Case 2, and the general magnitudes of the inductive and 
tautomeric effects should also be similar but probably further reduced owing to the 
complete removal of proton catalysis of the polarisation of the carbonyl group. Such 
further reductions have been assumed in assigning the arbitrary values given in Table VI. 


TABLE V. 


Relative energy levels in the ground and the activated state in the electrolytic reduction of 
R-C,H,’CHO in neutral medium. 
Ground state. Activated state. 








TABLE VI. 


Relative energy levels in the ground and activated states in the electrolytic reduction of 
R-C,H,°CHO in alkaline medium. ' 


Ground state. Activated state. 





This predicts an order of increasing depolarisation potentials 


p-Cl < H < Bu’ x Pr’ z Et < Me < OMe: the experimental order is 
p-Cl < H < Bu’ = Pré = Et < Me < OMe. 


The position of #-dimethylaminobenzaldehyde in these series has intentionally been 
omitted from the above discussion since the ionogenic character of the NMe, group further 
complicates the position. In strongly acid media incipient salt formation will convert 


it into an electron-attracting substituent —NMe,....H. In agreement with this the 
depolarisation potential of p-dimethylaminobenzaldehyde in the medium of fy 1-4 lies 
between those of the p-chloro-derivative and unsubstituted benzaldehyde. With successive 
reduction in the acidity of the medium the group will alter its character and exhibit the 
usual electron-release effects of a free —NMe, group, and the strong +- T effect of tervalent 
nitrogen will increase the depolarisation potential. Fig. 3 shows that the curve for p- 
dimethylaminobenzaldehyde crosses that of benzaldehyde itself at about p_ 2-5 (but still 
lies above that of the ~-Me compound until , 7-5), but in alkaline medium (pg 8) it has the 
largest depolarisation potential of all the derivatives examined, in agreement with the 
usual order of increasing + T effect: CR, < OMe < NMe,. 

Second-stage Reduction of the Aldehyde.—The product of the second-stage reduction is 
almost certainly the corresponding benzyl alcohol. Hydrobenzoin is stated (Semerano 
and Chisini, Gazzetta, 1936, 66, 510) not to be reducible at a dropping-mercury cathode, 
and it is thus improbable that it is the intermediate product of the first stage of the reduction 
of benzaldehyde. The mechanism already suggested requires the neutral radical 


® 
R-C,H,°CH-OH as the initial product : its further reduction to benzyl alcohol would follow 
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by the abstraction of a second electron from the cathode to give a negatively charged ion 
which, by withdrawal of a proton from the medium, would afford benzyl alcohol : 


x 
H—OR 
¢ 


R-C,H,CH-OH + e —> R-C,H,CH-OH —> R-C,H,CH,OH + OR 
Te 


The second wave is observed at py 4, but at certain values of pg (¢.g., by 7) the depolarisation 
potentials of both stages might be at the same voltage, and thus a single wave, but of twice 
the height of the first stage wave, is found. 

The ground state (V) and the activated state (VI) for this process are of the same types 
as in Case 1, except that the carbon at the seat of reaction is either neutral or negatively 
charged instead of carrying a small positive charge. The respective contributions of the 


(V.) RCH yCH-OH RCH CHOH (VI.) 


inductive and tautomeric effects of R should thus bear the same ratio to each other as in 
Case 1 but will all be somewhat reduced because of the absence of the 8 + charge on the 
side chain. The arbitrary values assigned in Table VII are computed on this basis. 
TABLE VII. 
Relative energy levels in the ground and the activated state in the (second-stage) electrolytic 
- reduction of ayaa 


Ground state. 








—2 


The predicted order of depolarisation potentials for the second stage of the reduction is 
thus Cl < H < Me < Et < Pr® < Bu” < OMe, in agreement with that observed ex- 
perimentally in neutral-salt solution. 

It is evident, therefore, that over the whole range of fq 1-4—8 the experimental results 
may be explained on the basis of the suggested mechanism of electrolytic reduction com- 
bined with certain arbitrary assumptions concerning the relative magnitudes and importance 
of the polarisation and polarisability effects of the p-substituent. Except that such assump- 
tions adhere rigidly to the correct relative order of magnitudes of such polar effects amongst 
the substituent groups themselves, no numerical significance is, of course, attached to the 
actual values used. 


EXPERIMENTAL. 


Preparation of Materials.—Benzaldehyde. A pure sample, free from benzoic acid (Messrs. 
British Drug Houses, Ltd.), was again purified through its bisulphite derivative, and the 
product was repeatedly fractionally distilled in a vacuum to give, finally, a specimen of b. p. 
73°/21 mm. All operations involving the free aldehyde were effected in an atmosphere of 
carbon dioxide. 

p-Methylbenzaldehyde. A commercial sample similarly purified had b. p. 98°/24 mm. 

p-Ethylbenzaldehyde. p-Ethylbenzyl chloride (36 g.), b. p, 95—99°/13 mm., prepared by 
Sommelet’s method (Compt. rend., 1913, 157, 445), was oxi by refluxing with an equi- 
molecular proportion of hexamethylenetetramine in 800 c.c. of 60% alcohol on the steam-bath 
for 2 hours (idem, ibid., p. 852), a current of carbon dioxide being passed through the solution 
all the time. After removal of the alcohol by distillation, the mixture was steam-distilled 
(carbon dioxide stream), the distillate was extracted with ether and washed with sodium bi- 

3A 
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carbonate solution. The aldehyde obtained from the dried ethereal extract was purified, first 
through its bisulphite derivative and then through itssemicarbazone (m.p. 205°), being regenerated 
from the latter by steam distillation with aqueous oxalic acid and finally fractionated under 
reduced pressure (current of nitrogen) to give the pure aldehyde, b. p. 64-2°/1-2 mm. 

p-isoPropylbenzaldehyde. This was isolated as its bisulphite derivative from the fraction 
of cumin oil, b. p. >200°, and the aldehyde so obtained was twice purified through its semi- 
carbazone, m. p. 114-5°, and finally distilled to give a pure sample, b. p. 120°/23 mm. 

p-tert.-Butylbenzaldehyde. ,p-tert.-Butylbenzyl bromide, b. p. 93—95°/1 mm., prepared as 
described by Baker and Nathan (J., 1935, 1840), was oxidised by the hexamethylenetetramine 
method, and the aldehyde so obtained was purified through its semicarbazone, m. p. 200°, as 
in the case of the p-ethyl derivative. Fractional distillation in nitrogen gave a pure sample, 
b. p. 80°/0-9 mm. 

In all cases the pure aldehydes were redistilled under reduced pressure in an atmosphere of 
nitrogen, and the distillate collected in a smali bulb in an all-glass apparatus. This was then 
filled with nitrogen at atmospheric pressure, and the sample immediately sealed off. These 
sealed samples were opened immediately before the polarographic measurements, and at once 
dissolved in the media to make the solutions used. The sample of p-isopropylbenzaldehyde 
became slightly yellow before use, but nevertheless gave a polarogram identical with that of 
an absolutely colourless sample obtained from it by redistillation in a vacuum. 

Serena This was a newly-opened specimen of B.D.H. “‘ AnalaR ” 


pM ethoxybenzaldehyde. A purchased sample was repeatedly washed with aqueous sodium 
carbonate solution and water, dried over sodium sulphate, and twice distilled in a vacuum, b. p. 
126°/12 mm. 

p-Chlorobenzaldehyde. A purchased sample was purified through its semicarbazone, fraction- 
ated in a vacuum in a current of nitrogen, and sealed under nitrogen until the measurements 
were taken. 


One of us (J. W. B.) thanks the Royal Society for a grant and another (W. C. D.) thanks 
the ‘trustees of the Leverhulme Research Fund for a Fellowship, during the tenure of which 
this work was carried out. 


Tae University, LEEps. 
Tue TatEM LABORATORIES, UNIVERSITY CoLLEGE, CARDIFF. [Received, January 9th, 1940.]} 





NOTE. 
Observations on the Condensation Products from ‘‘ a-Terpinene’’ and the Cavrenes with Maleic 
Anhydride. By N. F. Goopway and T. F. WEst. 


Diets, Kocu, and Frost (Ber., 1938, 71, 1163) condensed «-terpinene (I) and a compound formu- 
lated as (II) with maleic anhydride, pea that both would yield the same product (ITI). 


ne ~ CH—CO 
eB hace 


(III.) 


The crude sania obtained from (I) yielded a dicarboxylic acid, first obtained by Koch 
(Dissert., Kiel, 1932) as an uncrystallisable oil. This acid was described by Diels, Koch, and 
Frost (loc. cit.) as having m. p. 158°, and from it the anhydride (III), m. p. 66—67°, could be 
regenerated. Sfiras (Recherches, 1939, 115) prepared a similar product according to the method 
of Diels and his co-workers, but the acid obtained melted at 130—131° and the corresponding 
anhydride at 65—66°. This discrepancy has also been noticed by us, the highest melting point 
for the acid being 134° after repeated crystallisation from acetonitrile and methyl ethyl ketone, 
and the m. p. of the anhydride could not be raised above 62°. 

The a-terpinene used by the above-mentioned and the present authors was prepared by the 
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dehydration of terpineol with a solution of oxalic acid (Wallach, Annalen, 1893, 275, 107). 
According to Dupont, Lévy, and Marot (Bull, Soc. chim., 1933, 53, 393) the product thus obtained 
consists of a mixture of «- and y-terpinenes, 1 : 4-cineole, dipentene, and terpinolene, and since 
the last two can be made to condense with maleic anhydride (Hultzsch, Angew. Chem., 1938, 
51, 921; Bey., 1939, 72, 1173) we concluded that the reason for the failure to reproduce the 
m. p. of 158° for the acid was to be found in the starting material. Neither Koch (loc. cit.) 
nor Diels, Koch, and Frost (loc. cit.) recorded the constants for the ‘‘ a-terpinene ” employed, 
but it is evident from the accounts that the samples represented the crude mixture of terpenes 
obtained from commercial a-terpineol. The terpene mixture which we obtained (d}} 0-8583, 
n®” 1-4826, ap + 0-35°) was therefore fractionally distilled (atm. press.) through an 8-bulb 
Young—Thomas column into five fractions. Each of these fractions was condensed separately 
with maleic anhydride; the first four gave acids of substantially the same m. p. : 


Acid (crude). 


Fraction. B. p. dis. np. ; Yield, %. M.p. 
171—175° 00-8549 1-4780 . 128—129° 
176—178 0-8557 1-4786 — 
178—179 0-8559 1-4793 . 131 
179—180 0-8567 1-4808 . 124 
Residue —_ 





~~? 


From the compound formulated as (II) Diels, Koch, and Frost obtained an acid melting at 
184° and concluded that the reaction did not yield the a-terpinene adduct as expected. Hultzsch 
(Ber., loc. cit.) isolated an acid, m. p. 183°, [«]}" — 8-7°, by condensing with maleic anhydride a 
fraction from German wood turpentine oil, which ‘‘ wohl beide Carene enthielt ’. With maleic 
acid as addendum, he claimed to have isolated the acid corresponding to the «-terpinene adduct, 
but the m. p. was not recorded throughout the paper in spite of the fact that he stated that this 
same acid was prepared from a number of other terpenes. 

The evidence outlined above would appear to indicate that the addition of maleic anhydride 
to (II) does not yield the a-terpinene adduct. This evidence is open to two objections: (1) 
Although the constants of the terpene formulated as (II) were not recorded by Diels and his co- 
workers, the sample was presumably optically active (Simonsen, “ The Terpenes,” 1932, 2, 
56, 64) and by analogy with the adducts from «- and £-phellandrenes (Goodway and West, J., 
1938, 2028), the adduct (and derived acid) would be expected to display optical activity. The 
optically active products would presumably differ from those from the inactive a-terpinene 
even if structurally identical. We therefore attempted to resolve the acid obtained from the 
a-terpinene adduct by repeated crystallisation of the brucine salt, but the acid recovered showed 
no definite optical activity and its m. p. was invariably lower than that of the original acid. 
(2) The hydrocarbon formulated by Diels is A‘-carene, although it is referred to throughout the 
paper as A*-carene * and in the absence of the constants and derivation of the sample of terpene 
there is no clue to its actual identity. 

We hope to undertake a further study of the action of maleic anhydride on pure «-terpinene, 
A®- and A‘-carene and 1 : 4-cineole which may throw light on these discrepancies, but in view of 
the work of Sfiras it has been throught desirable to record this account of preliminary experi- 
ments carried out before the war. 


We are indebted to the Directors of Messrs. Stafford Allen and Sons Ltd. for the gift of the 
terpenes.—TueE Srr Joun Cass Institute, Lonpon, E.C. 3. (Received, February 27th, 1940.) 


* Both the American and the British abstract of this paper (Chem. Absir., 1938, 7027; Brit. Chem. 
Abstr., 1938, II, 331) erroneously refer to A*-carene as containing a double bond conjugated with a 
cyclopropane ring. Sfiras (loc. cit.) has similarly confused A*- and A‘-carene, since a hydrocarbon 
isolated from Kenya cypress oil was identified as A*-carene and again formulated as A‘-carene. 
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131. Addition of «8-Unsaturated Alcohols to the Active Methylene Group. 
Part I. The Action of Ethyl Acetoacetate on Linalool and Geraniol. 


By M. F. CARROLL. 


Geraniol and linalool react with ethyl acetoacetate in the presence of a catalyst to 
produce the same compound—geranylacetone. This ketone was shown to be identical 
with that prepared by a known method. 


THE work to be described had its origin in an attempt to acetylate certain alcohols, use 
_ being made of the reversible nature of the acetoacetic ester condensation : 


CH,°CO-CH,°CO,Et + ROH == CH,-CO,R + CH;-CO,Et . . . (1) 


It was thought that by using a small quantity of an alkaline catalyst it might be possible 
to distil off the low-boiling ethyl acetate, thus forcing the equilibrium to the right. How- 
ever, simple alcoholysis occurs, 


CH,-CO-CH,°CO,Et + ROH —> EtOH + CH,°CO-CH,CO,R . . (2) 


and only small amounts of ethyl acetate and acetone are formed. At a higher temperature, 
the high-boiling acetoacetic ester decomposes with formation of carbon dioxide and the 
ester CH,°CO,R of equation (1). With equimolecular quantities, a mixture of the alcohol 
ROH and the ester CH,°CO,R is obtained, containing about 50% of the ester. The 
proportion of ester can be increased by using an excess of ethyl acetoacetate. 

This reaction, applied to linalool, appeared to follow the usual course, except that a 
lower temperature was required. The product resembled the expected geranyl acetate, 
but proved to be geranylacetone. 

The course of the reaction—which bears a formal resemblance to the Michael con- 
densation—appears to be determined by the presence of the allylic double bond. When 
this work was begun (1931) it was thought that geraniol would give a similar ketone : 


CRMe(OH)-CH:CH, —> CRMe:CH-CH,‘CH,°CO-CH, 1.) 
CRMe:CH-CH,-OH —» CRMe(CH:CH,)-CH,°CO:CH, (11,) 


where R = CMe,.CH’CH,°CH,. 

No trace of (II) could be found in the product from geraniol and only (I) was obtained 
in small yield together with a large amount of geranyl acetate. 

Linalool gave no linalyl or geranyl acetate but only the ketone and a small quantity 
of the acetate of an alcohol not identified. Geraniol also reacts according to equation (2), 
giving the acetoacetate, but linalool does not. Pyrolysis of the ester thus formed gives 
the acetate and the ketone. With linalool the addition and the decomposition appear to 
be simultaneous. Proof of this was obtained by maintaining the reactants at a constant 
temperature and determining the amount of carbon dioxide and ketone formed and the 
amount of decomposition of the ester. 

The ketone from linalool was obtained pure by systematic fractionation. The ketone 
from geraniol, being present in small amount, gave more trouble and was eventually purified 
by regeneration from the semicarbazone. Both compounds were identified by the melting 
points of mixtures of their semicarbazones and that of the product prepared from geranyl 
chloride and ethyl acetoacetate (Foster and Cardwell, J., 1913, 103, 1338). 

The yields from linalool and geraniol were 55% and 19% respectively, allowing for the 
recovered alcohol, and the product from the former was more thoroughly investigated. 
It was of uniform composition and its behaviour with semicarbazide showed that there was 
a sufficient amount of a related ketone present to depress the setting point of the semi- 
carbazone markedly. On the other hand, the ketone from geraniol readily gave the pure 
semicarbazone in good yield. In order to test the uniformity of the ketone from linalool 
the product was thoroughly fractionated, but the boiling points of the fractions did not 
differ by more than 2°/2 mm. and other constants showed no significant variation. The 
setting points of the semicarbazones differed slightly, but from all the fractions the semi- 
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carbazone of (I) was the only product isolated. This suggests the absence of (II), since 
this compound should differ sufficiently from (I) in boiling point to enable a separation to 
be effected by fractional distillation. 

The presence of an isomeric ketone may be explained on other grounds: (1) The 
linalool used may be a mixture of two forms differing in the position of the end double 
bonds; (2) change in the position of the double bonds during the reaction; (3) formation 
of cis- and trans-isomers. 

In view of these complications it was decided to investigate the reaction further, simpler 
compounds being used. This work will be reported in a later paper. 


EXPERIMENTAL. 


Maiterials.—Geraniol, from citronella oil, after purification by the calcium chloride method 

and fractional distillation, had 42%” 0-8765, 2° 1-4755, and absorbed 3-86 atoms of bromine 
r mol, 

i Linalool, from Bois de Rose oil, was fractionated, and the middle fractions bulked; 4? 

0-8652, 22° 1-4630, bromine absorption per mol. 3-78 atoms. 

Geranyl chloride was prepared by Foster and Cardwell’s method (loc. cit.) and by Tiemann’s 
original method (Ber., 1898, 31, 832), both products giving the same derivatives. Geraniol 
(174 g.) was saturated with dry hydrogen chloride at 0° until the ester value showed 90% as 
chloride. The washed and distilled product gave a main fraction (92 g.), b. p. 79—80°/2-5 mm., 
a" 0-914, n?” 1-4765 (Found: Cl, 19-3. Calc.: Cl, 206%). On saponification with aqueous 
alkali both chlorides gave linalool and geraniol in approximately the same ratio, 1 : 3. 

Geranylacetone.—A mixture of geranyl chloride (0-24 mol.), ethyl acetoacetate (0-31 mol.), 
potassium carbonate (0-29 mol.), and acetone (100 c.c.) was refluxed for 6 hours, water added, 
the solvent distilled off, and the oily layer boiled and stirred with dilute sodium hydroxide 
solution. The resulting oil gave on distillation 23 g. of a main fraction, b. p. 99—101°/4 mm., 
n° 1-4683, 5 g. of which gave 6 g. of a semicarbazone, m. p. 95—96° after one crystallisation 
from cyclohexane. 

Linalool and Ethyl Acetoacetate——The apparatus consisted of distillation flask, column and 
condenser, a separating funnel with side-arm acting as receiver. The distillate was run out 
through the tap and the gases were led off at the top and absorbed in n-sodium hydroxide in a 
3-necked stirring flask with a mercury seal. A second flask was connected to ensure complete 
absorption. 

Table I shows the course of the reaction; the quantities used were : linalool 0-8 mol., ester 
0-82 mol., and 3 c.c. of 10% sodium ethoxide solution. 


TABLE I. 


EIEN. | cunsinpiseniaeeineeianenrpebiaiaineleieen 75 9 


BMS cas ab lodche sition ccvices oncced ces vevebebsctcbeteces 190° 210° 
PR IAL Cres (ess evcdicscicscscchecdcabsasbeides 45 57 


STIL IIIT, sscsictinsiintdesdiehiasesiambaimetaaiiiaiato’ ; 0-52 0-69 


The total distillate (45-6 g.) contained 0-129 mol. of acetone and 0-825 mol. of alcohol. 
The residue in the flask was washed and distilled, and the fractions checked by refractive 
index and oxime value, giving actual ketone as geranylacetone (Table II). 


TABLE II. 


Frac- Press, Wt., Ketone, Frac- 
tion. Temp. mm. g- 
1 62° 1-5 
2 64 
3 67 
4 80 
5 


9 
85 1-4779 


The yield of ketone (63-7 g.; 0-33 mol.) is 41% of the theoretical, calculated on the linalool. 

The fractions from several runs were collected according to ketone content and refractionated, 
giving : hydrocarbon (probably pinene), a trace; linalool, 30 g. (0-2 mol.); unknown ester (not 
quite free from ketone), 12 g.; geranylacetone, 45 g. (0-23 mol.). The above quantities refer to 
the average perrun. No geraniol was found in any of the fractions. 
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The ester, b. p. 237—240° and 84—86°/1 mm., n}” 1-4879, on saponification gave an alcohol, 
b. p. 82—85°/1-5 mm., 2° 1-4747. 

The constants for the ketone were: b. p. 244—246°/755 mm. and 101—102°/3 mm., uj" 
1-4671, di 0-8685. Ketone (by oxime), 97-2% as geranylacetone (Found: C, 80-1; H, 11-0. 
Calc.: C, 80-4; H, 113%). The oxime, nZ" 1-4894, d? 0-9062, and the 2: 4-dinitrophenyl- 
hydrazone were liquids. The semicarbazone (5-6 g.),m. p. 47°, from 5 g. of the ketone, after five 
crystallisations, gave 1-6 g., m. p. 96—97° alone or mixed with geranylacetonesemicarbazone. 

Attempted separation of isomers. The ketone was fractionally distilled. Six equal fractions 
were collected, differing by not more than 2°/2 mm. in b. p. and 0-0005 in refractive index over 
the whole range. Fractions 1 and 6 gave semicarbazones, 5-2 g., m. p. 40°, and 5-6 g., m. p. 
55°, respectively. The latter was obtained pure after four crystallisations, but the m. p. of the 
former could not be raised above 90—94°. 

The following experiment was carried out to ascertain if the addition was preceded by 
alcoholysis and formation of the acetoacetic ester: Linalool and ethyl acetoacetate (0-15 mol. 
of each) were maintained at 157° for 2-5 hours. The carbon dioxide evolved was absorbed in 
baryta (Found, 0-027 mol.). Distillation of the residue gave no high-boiling material, showing 
the absence of the acetoacetate of linalool or geraniol. The amount of ketone formed (0-021 
mol.) corresponds approximately to that formed in the larger runs, 

Geraniol and Ethyl Acetoacetate.—Geraniol (0-57 mol.), ethyl acetoacetate (1 mol.), and sodium 
ethoxide (10% solution in alcohol, 3 c.c.) were heated to 200° during 2 hours; 60 c.c. of dis- 
tillate were obtained, but no carbon dioxide was evolved. Further heating for 3 hours at 200° 
gave 13 c.c. of distillate and 0-72 mol. of carbon dioxide. The total distillate had d? 0-795 
and contained 0-19 mol. of acetone and 1-02 mols. of alcohol. The residue was distilled : 


Frac- . Ketone, Frac- Press., Wt., 
tion. " ; ; A , tion. Temp. mm. g. 
5 85° 1-5 15 
6 110 “a 5 
. 7 125 sa 3 

1-4761 4-4 8 145 2-0 5 


Residue, 38 g. of sticky resin. 


The yield of ketone (13-8 g.; 0-07 mol.) was 12% of the theoretical, calculated on the 
geraniol. Fractions 3—6 were bulked and found to contain 25% of geranylacetone, 49% of 
geranyl acetate, and 23% of geraniol. After hydrolysis and distillation they gave 31 g. of 
geraniol and 165 g. of a fraction containing 35% of ketone. On repeated treatment with calcium 
chloride the latter gave 10 g. containing 45% of ketone. 5 G. of crude semicarbazone were 
obtained, which on treatment with hydrochloric acid gave 1-5 g. of an oil, nf" 1-4678. The 
semicarbazone after two crystallisations had m. p. 96—97°, and mixed m. p. with geranyl- 
acetonesemicarbazone 95—97°. 


The author is indebted to Messrs. A. Boake, Roberts and Co., Ltd., for permission to publish 
the results, to Dr. T. H. Durrans, Director of Research of the above firm, for his interest in the 
work, and to Mr. Sneary for valuable assistance. 


TECHNICAL LABORgTORY, A. BoaKE, ROBERTS AND Co., LTD., 
Lonpon, E. 15. [Received, April 6th, 1940.) 





132. LHxperiments in the Glutamic Acid Series. 
By C. R. HarincTon and R. C. G. MoGGRIDGE. 


A proposed synthesis of J-«-amino-$-4-methylthiazolyl-5-propionic acid involved 
as a first step the action of dehydrating agents on p-toluenesulphonylglutamic acid. 
Such action was found to give not a normal anhydride but 5-keto-1-p-toluenesulphonyl- 
pyrvrolidine-2-carboxylic acid. Evidence is presented in favour of the latter structure. 
Two new characteristic reactions of a-p-toluenesulphonamido-ketones have been 
observed, of which one involves the reductive fission of a C—N link. 


In our last communication (J., 1939, 443) we described a synthesis of «-amino-$-4-methyl- 
thiazolyl-5-propionic acid. For certain experiments with a biological bearing it was desir- 
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able to have in our hands the optically active form of this compound of configuration 
corresponding to that of the naturally occurring amino-acids. This could probably be 
accomplished by a direct resolution; it was thought, however, that a synthesis of the 
active amino-acid might be found using /-(+-)glutamic acid as starting material. Such a 
synthesis would have the advantage of settling unequivocally which of the optical isomers 
of the thiazole amino-acid was the “ natural” form. 

The proposed synthesis would start from an N-acylglutamic «-ester (I): this should 
be capable of conversion into a chloromethyl ketone (II), by the action of diazomethane 
on the acid chloride; on dehalogenation and subsequent bromination a compound (III) 
should be obtained, which, on condensation with thioformamide, would give the N-acyl 
ester of the required thiazole amino-acid. 


RO,C-CH-CH,‘CHyCO,H —-RO,C-CH-CH,’CH,CO-CH,Cl RO,C-CH-CH,-CHBr-CO-CH, 
NHR’ NHR’ NHR’ 
(I.) (II.) (III.) 


In the first attempt «-benzyl N-carbobenzyloxyglutamate (I; R = CH,°C,H;, R’ = 
CO-O-CH,°C,H,;) was used as the starting material: the chloromethyl ketone (II; 
R = CH,: C,H, R’ = CO-0-CH,°C,H,) was obtained successfully: but all attempts 
to replace the halogen by hydrogen led also to reductive fission of the carbobenzyloxy- 
residue. 

Attention was now turned to derivatives of N-p-toluenesulphonylglutamic acid: it was 
hoped that these would behave like the carbobenzyloxy-derivatives, except that the 
p-toluenesulphonyl group would be more stable to reduction. Anomalous behaviour was, 
however, immediately encountered which has made it impossible to carry out the synthesis 
planned. The chemistry of the reactions involved has been studied in some detail and 
points have emerged which seem to be of sufficient interest to merit publication. 

There are three ways in which #-toluenesulphonylglutamic acid might be expected to 
lose water, namely, to form an anhydride (IV), a pyrrolidone derivative (V), or a compound 
with a ring of an azlactone type (VI). 

O H,—CH, HO,C-CH,°CH,-CH—CO 
CO-CH,-CHyCH-CO fo 5: % 
NH-SO,°C,H, 
NS0,C,H, N <— S6-C,H, 
(IV.) (Vv.) (VI.) 

It was expected by analogy with N-carbobenzyloxyglutamic acid that the normal an- 
hydride (IV) would be formed. When, however, N-f-toluenesulphonylglutamic acid, 
obtained readily by the usual method, was treated with acetyl chloride or acetic anhydride, 
the product proved to be an acetylated anhydride; and the compound obtained by removal 
of the acetyl group was not the anhydride (IV), since it possessed a free carboxyl group 
which could be titrated, and which would react with phosphorus pentachloride to give an 
acid chloride. It must therefore be either (V) or (VI): in either case the acetyl derivative 
first formed would be a mixed anhydride with acetic acid. Of the two structures (V and 
VI) the pyrrolidone (V) was considered the more probable in view of the readiness with 
which glutamic acid itself can be converted into 5-ketopyrrolidine-2-carboxylic acid. A 
further analogy is given by the conversion of 8-benzamidobutyric acid into 5-keto-1l- 
benzoylpyrrolidine by the action of acetic anhydride (Kanevskaya, Ber., 1936, 69, 266). 
It was felt, however, that further evidence was necessary before structure (VI) could be 
rigidly excluded. The problem had an added interest in that, if structure (VI) should 
prove correct, the compound would serve admirably as a starting point for the synthesis of 
a-amino-8-4-methylthiazolyl-5-propionic acid on the lines indicated above. An attempt 
to settle the matter by the #-toluenesulphonation of 5-ketopyrrolidine-2-carboxylic acid 
to give compound (V) met with failure, and less direct methods had to be employed. 

It was first decided to attempt the differentiation between the two structures by the 
following scheme. The acid chloride derived from the anhydro-acid (V or VI) should give 
a chloromethyl ketone on treatment with diazomethane: this should be easily reduced to 
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the corresponding methyl ketone, which, on opening of the anhydro-ring, would give either 
y-toluenesulphonamido-8-ketohexoic acid (from V) or «-toluenesulphonamido-8-ketohexoic 
acid (from VI). If this compound could be reduced and the toluenesulphony] residue re- 
moved, the product would be y-aminohexoic acid or norleucine, two compounds which 
could easily be distinguished. The first part of this programme was successfully carried 
out, y(or «)-toluenesulphonamido-8-ketohexoic acid being obtained. The bromo-derivatives 
of both this compound and the methyl ketone from which it was obtained were also pre- 
pared with a view to condensation with thioformamide, should structure (VI) prove correct. 
Attempts to reduce the y(or «)-toluenesulphonamido-3-ketohexoic acid with zinc amalgam 
and hydrochloric acid resulted, however, in the formation in good yield of #-toluene- 
sulphonamide. This result is all the more remarkable because the compound is stable 
to hydrolysis, either by alkali, or under acid conditions analogous to those of the reduction. 
It appears, therefore, that we have here a reductive fission of a C-N link. Another un- 
expected property of the y(or «)-p-toluenesulphonamido-8-ketohexoic acid is its power 
to reduce Fehling’s solution. That the structure of the compound is in fact what we have 
assumed is shown by the excellent analyses obtained through the whole series, and by 
the fact that on oxidation with hypobromite it yielded di-p-toluenesulphonylglutamic acid. 
The racemisation was found to have occurred mainly during the 

(Hy CH, reduction of the chloro-ketone (VII if structure V is assumed for the 
CO CH-CO-CH,Cl anhydro-acid) to the corresponding methyl ketone, the latter com- 
“ie pound being obtained with a very low optical activity. Further 
‘SO,°C,H, investigation showed that the chloromethyl ketone (VII) reduced 

(vil) Fehling’s solution, and gave #-toluenesulphonamide on reduction; 

neither reaction was given by #-toluenesulphonylglutamic acid, or by the anhydro-acid 

‘(Vor VI). Two authentic «-p-toluenesulphonamido-ketones were now prepared; 
a’-chloro-a-p-toluenesulphonamidoacetone, by the action of diazomethane on N-p-toluene- 
sulphonylglycyl chloride; and w-p-toluenesulphonamidoacetophenone, by the interaction of 
w-bromoacetophenone and the potassium salt of p-toluenesulphonamide. Both these 
compounds reduced Fehling’s solution, and both gave p-toluenesulphonamide on Clemmen- 
sen reduction. It seems probable, therefore, that these two reactions are general properties 
of a-p-toluenesulphonamido-ketones, and are therefore not inconsistent with the structures 
derived from (V). It seems less likely that they should be given by the a-p-toluenesulphon- 
amido-8-ketohexoic acid derived from (VI), but this improbability cannot be regarded as 
proof of structure (V) in the absence of any method of reduction. 

It was now decided to investigate the amide derived from the anhydro-acid (V or VI). 
If this compound were treated with alkaline hypobromite, the first product, formed by 
the opening of the anhydride ring by alkali, should be N-p-toluenesulphonylglutamic acid- 
a(or y)-amide. The y-amide (from VI) should give y-amino-«-p-toluenesulphonamido- 
hexoic acid without difficulty. The «-amide (from V) should give in the first instance an 
a-amino-«’-p-toluenesulphonamido-derivative; this compound would be expected to be 
unstable, decomposing to give p-toluenesulphonamide, ammonia and succinic half-aldehyde 
which might be further oxidised to succinic acid (cf. Kanevskaya, Joc. cit., who isolated 
benzamide when hippuramide was treated with hypobromite). 

When in fact the amide was treated with hypobromite a far-reaching oxidation occurred, 
as was shown by the immediate formation of bromoform. If two equivalents of bromine 
were used, as calculated for the simple oxidation of amide to amine, the products isolated 
were p-toluenesulphonamide (35%) and N-p-toluenesulphonylglutamic acid-«(or y)-amide 
(50%). Ifthe bromine used was increased to 6 equivalents, the yield of #-toluenesulphon- 
amide rose to 85%. No succinic acid or other product was isolated and it seems likely 
that the molecule has been oxidised to units of very small molecular weight. The results 
are strongly in favour of structure (V). 

Conclusive evidence for structure (V) was now obtained as follows: the toluenesulphonyl 
residue was removed from the N--toluenesulphonylglutamic acid-a«(or y)-amide by re- 
duction with sodium in liquid ammonia (du Vigneaud and Behrens, J. Biol. Chem., 1937, 
117, 27). The crude product, on treatment with benzyl chloroformate, gave a good yield 
of N-carbobenzyloxyisoglutamine, which could only arise from structure (V). 
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A collateral argument for structure (V) is based on comparison with the behaviour of 
N-p-toluenesulphonylaspartic acid, which on treatment with acetyl chloride or acetic 
anhydride gives a normal anhydride of type (IV); this compound has no free carboxyl 
group, as is shown by its refusal to react with phosphorus pentachloride ; and on treatment 
with sodium methoxide gives a monomethyl ester, behaviour exactly analogous to that of 
N-carbobenzyloxy-glutamic and -aspartic anhydrides. It is hard to explain this difference 
between the glutamic and aspartic series on any other assumption than that the anhydro- 
acid obtained in the glutamic series has the structure (V); for while the formation of a 
compound of type (VI) should be as easy for aspartic as for glutamic derivatives,’ the 
aspartic compound corresponding to (V) could not be expected to be formed, as it would 
have a four-membered ring. 

We may conclude, therefore, that the product obtained by dehydration of N-p-toluene- 
sulphonylglutamic acid is in fact 5-keto-1-p-toluenesulphonylpyrrolidine-2-carboxylic acid. 


EXPERIMENTAL. 


Benzyl e-Chloro-a-carbobenzyloxyamido-8-ketohexoate.—a-Benzyl N-carbobenzyloxyglutamate 
(Bergmann and Zervas, Ber., 1933, 66, 1288) (3-7 g.) was suspended in dry ether and treated 
with powdered phosphorus pentachloride (2-2 g.). After a few minutes the clear solution was 
decanted from residual phosphorus pentachloride. On addition of light petroleum the acid 
chloride was precipitated as an oil; it was washed with petroleum, dissolved in dry ether, and 
treated with an ethereal solution of diazomethane (from nitrosomethylurea, 5 g.). After 15 
minutes the solution was ice-cooled while hydrogen chloride was passed in: the product separ- 
ated in 20% yield and formed needles from alcohol, m. p. 125° (Found: N, 3-7; Cl, 8-9. 
C,,H,,0,NCl requires N, 3-5; Cl, 88%). The compound was readily decomposed by alkali, 
chlorine ions being liberated. In attempts to replace the chlorine by hydrogen the compound 
was shaken in alcoholic solution in an atmosphere of hydrogen with both palladised calcium 
carbonate and palladised barium sulphate. In both cases the amounts of hydrogen absorbed 
were extremely large, and the resulting solutions gave positive ninhydrin reactions. 

Attempted p-T oluenesulphonation of 5-Ketopyrrolidine-2-carboxylic Acid.—The acid (McIlwain, 
Biochem. J., 1939, 33, 1942) was treated with p-toluenesulphonyl chloride under the following 
conditions without any evidence of interaction being obtained : (a) in pyridine solution, both in 
the cold and with heating: (b) in an ether-aqueous sodium carbonate emulsion, with shaking 
for 24 hours at room temperature; (c) both in boiling benzene and in boiling xylene, with a 
current of nitrogen to remove any hydrogen chloride formed. With the latter solvent consider- 
able charring occurred, but no hydrogen chloride was formed. 

N-p-T oluenesulphonylglutamic Acid.—This compound was prepared by the following method, 
which was found more convenient than those of Knoop and Oesterlin (Z. physiol. Chem., 1927, 
170, 186) and Bergell (ibid., 1919, 104, 182). Glutamic acid (29-4 g.), p-toluenesulphonyl 
chloride (38 g.), and 2n-sodium hydroxide (300 c.c.) were warmed to about 70° and shaken till 
a clear solution was obtained: this was cooled, acidified, and extracted four times with ethyl 
acetate. The dried extract was concentrated in a vacuum to a low bulk: crystallisation set in 
on cooling and was completed by the addition of light petroleum. Yield, 80%. The acid 
formed prisms from ethyl acetate, m. p. 131°, [a] + 22° (c = 1 in ethyl acetate) (Found: 
C, 48:1; H, 5-0; N, 4-6; equiv., by titration, 151. Calc. for C,,H,,O,NS: C, 47-8; H, 5-0; 
N, 465%; equiv., 150-5). 

Mixed Anhydride of Acetic and 5-Keto-1-p-toluenesulphonylpyrrolidine-2-carboxylic Acids.— 
(a) N-p-Toluenesulphonylglutamic acid (5 g.) and acetic anhydride (14 c.c.) were refluxed for 
10 minutes. The residue obtained after removal of the solvent in a vacuum was recrystallised 
from ethyl acetate, forming prisms, m. p. 148°, in 50% yield. 

(b) The acid was suspended in freshly distilled acetyl chloride (100 c.c.) and refluxed till a 
clear solution was obtained (10—15 mins.). The acetyl chloride was removed in a vacuum, 
and the residue recrystallised from ethyl acetate. Yield, 60% of a product identical with that 
obtained above (Found: C, 52-0; H, 45; N, 435; S, 10-0; acetyl, 13-6. C,,H,,O,NS 
requires C, 51-7; H, 4:6; N, 4:3; S, 9-85; acetyl, 13-2%). The compound is unstable to long 
exposure to moist air. 

5-Keto-1-p-toluenesulphonylpyrrolidine-2-carboxylic Acid.—The mixed anhydride (10 g.) in 
70% aqueous dioxan (100 c.c.) was heated on the water-bath for 15 minutes. The solvent was 
then removed in a vacuum; acetic acid could be detected in the distillate by the lanthanum test. 
The residue was taken up in aqueous bicarbonate and extracted with ether; the aqueous layer 
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on acidification deposited an oil that slowly hardened to a crystalline hydrate of the desired 
product. This was collected, dried in a vacuum, and finally dissolved in benzene and freed from 
water by distillation. The product crystallised from the residual benzene, on cooling, in 
needles, m. p. 130°, [a]) — 28° (c = 1-5in ethyl acetate). Yield, 80% (Found: C, 51-55, 51-6; 
H, 4-6, 4:7; N, 4:8; S, 11-4; equiv., 284. C,,H,,0,NS requires C, 50-9; H, 4:6; N, 4-9; S, 
113%; equiv., 283). In the preparation of this compound it is not necessary to isolate the 
mixed anhydride; the residue obtained after the removal of acetyl chloride can be treated direct 
with aqueous dioxan, and the product obtained as above. Yield (from -toluenesulphonyl- 
glutamic acid), 75%. The compound is stable to aqueous sodium carbonate in the cold, but is 
readily hydrolysed by hot sodium carbonate, cold sodium hydroxide, or by boiling with con- 
centrated hydrochloric acid. In one hydrolysis experiment the acid (265 mg.) and n-sodium 
hydroxide (2-0 c.c.) were heated on the water-bath for 5 minutes. The product (245 mg.), 
obtained by acidification and extraction into ethyl acetate, had, after recrystallisation, m. p. 
131°; [a]p + 245° (Found: N, 46%). A mixed m. p. determination showed it to be identical 
with p-toluenesulphonylglutamic acid. 
5-Keto-1-p-toluenesulphonylpyrrolidine-2-carboxylic acid could be reconverted into the 
mixed acetic anhydride by refluxing with acetyl chloride (10 parts) for 15 minutes. 
5-Keto-1-p-toluenesulphonyl-2-chloroacetylpyrrolidine.—5-Keto-1-p-toluenesulphonylpyrrolid- 
ine-2-carboxylic acid (5 g.) was suspended in dry ether (25 c.c.) and ice-cooled while powdered 
phosphorus pentachloride (4 g.) was added. After being shaken for a few minutes at room 
temperature, the clear solution was decanted from residual phosphorus pentachloride. On 
cooling, crystallisation of the acid chloride set in, and was completed by the addition of an 
equal volume of ligroin. The solid was collected with exclusion of atmospheric moisture, and 
washed through the filter with dry chloroform; the filtrate was treated with an ethereal solution 
of diazomethane (from nitrosomethylurea, 5 g.). After standing for 15 minutes at room tem- 
perature, the solution was ice-cooled while hydrogen chloride was passed in. The product separ- 
ated in 60% yield and formed prisms from ethyl acetate, m. p. 141°, [a]s4g, — 18°5° (c = 5 
in dioxan) [Found: N, 45; S, 10-3; Cl, 11-25; M (Rast), 287. C,,H,,O,CINS requires N, 
4-4; S, 10-15; Cl, 11-3%; M, 315-5]. The compound reduced Fehling’s solution strongly and 
was readily decomposed by alkali, chlorine ions being liberated. 
5-Keto-1-p-toluenesulphonyl-2-acetylpyrrolidine.—The chloroacetyl derivative (5 g.), palladised 
calcium carbonate (5 g.), and pyridine (25 c.c.) were shaken in an atmosphere of hydrogen; 
after 2—2} hours the absorption of the gas had ceased at a total uptake of 500—600 c.c. (ca. 
1-5 mols.). The solution was filtered, and concentrated in a vacuum, and the crystalline residue 
recrystallised from chloroform—petroleum (yield, 85%); it formed needles from ethyl acetate— 
petroleum, m. p. 135-5°, [a] 54g, — 4°5° (c = 2-5in dioxan) (Found: N, 4-9; S,11-7. C,,;H,,0O,NS 
requires N, 5-0; S, 11-4%). The compound reduced Fehling’s solution. It could be bromin- 
ated as follows: Bromine (1-1 equivs.) was added in small portions to the methyl ketone in 
chloroform. After starting with reluctance, the reaction proceeded vigorously. The solution 
was shaken with aqueous bisulphite, dried, and concentrated: the bromo-derivative was re- 
crystallised from glacial acetic acid (65% yield), forming plates, m. p. 153-5°. The compound 
reduced Fehling’s solution and was readily decomposed by alkali with liberation of bromine 
ions (Found: C, 43:3; H, 3-8; N, 3-85; Br, 22-2. C,,H,,O,NBrS requires C, 43-3; H, 3-9; 
N, 3-9; Br, 22-2%). 
a-Toluenesulphonamido-8-ketohexoic Acid.—To 5-keto-1-p-toluenesulphonyl-2-acetylpyrroli- 
dine (6-7 g.) in dioxan (15 c.c.) was added n-sodium hydroxide (23-8 c.c.) and the solution was 
heated on the water-bath for 15 minutes. The solvent was removed in a vacuum, and the 
residue dissolved in water and extracted with chloroform. The product was obtained from the 
aqueous layer by acidification, extraction into chloroform, and removal of the solvent. Yield 
of recrystallised material, 60%; it formed plates from ethyl acetate, m. p. 138° (Found: N, 
4-5; S, 10-6; equiv., 297. C,,H,,O;NS requires N, 4-7; S, 10-7%; equiv., 299). The com- 
pound reduced Fehling’s solution : it was stable to acids and alkalis, being recovered unchanged 
both after treatment with 2n-potassium hydroxide for 2 hours and after refluxing with con- 
centrated hydrochloric acid for 2 hours. The compound could be brominated in chloroform 
solution by the addition of bromine (1-1 equivs.) in small portions. The mixture had to be 
warmed to start the reaction, which then proceeded readily. The bromo-derivative was 
deposited as the reaction proceeded. Yield, 65% ; it formed needles from ethyl acetate—benzene, 
m. p. 148-5° (decomp.). The compound reduced Fehling’s solution, and readily liberated 
bromine ions on treatment with alkali (Found: N, 3-7; S, 84; Br, 20-9. C,,;H,,O0;NBrS 
requires N, 3-7; S, 8-45; Br, 21-2%). 
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Oxidation of a-Toluenesulphonamido-8-ketohexoic Acid to dl-N-p-Toluenesulphonylglutamic 
Acid.—The keto-acid (0-5 g.) was added to a chilled mixture of 2n-sodium hydroxide (8-3 c.c.) 
and bromine (0-275 c.c.). The mixture was cooled for 10 minutes, kept at room temperature 
for 45 minutes, and finally warmed to 40—50° for an hour. The bromoform formed was removed 
by extraction with chloroform : the aqueous layer was then acidified, and the product extracted 
into ethyl acetate; removal of the solvent gave crude dl-p-toluenesulphonylglutamic acid in 
75% yield. It formed prisms from ethyl acetate, m. p. 172-5°, which were optically inactive 
(Found: C, 48-3; H, 5:2; S, 10-6; N, 4-65; equiv. by titration, 148. C,,H,,0,NS requires 
C, 47-8; H, 5-0; S, 10-6; N, 465%; equiv., 150-5). 

Synthesis of dl-p-Toluenesulphonylglutamic Acid.—dl-Glutamic acid monohydrate (0-495 g.), 
2n-sodium hydroxide (4-5 c.c.), and p-toluenesulphonyl chloride (0-57 g.) were shaken and 
warmed till a clear solution was obtained, On acidification and cooling, the product separated 
in 50% yield. A further crop could be obtained from the mother-liquor. The acid formed 
prisms from ethyl acetate, m. p. 172°; a mixed m. p. determination showed identity with the 
compound obtained as above (Found: N, 45%; equiv. by titration, 150). 

a’-Chloro-« p-toluenesulphonamidoacetone.—p-Toluenesulphonylglycy]l chloride (Schénheimer, 
Z. physiol. Chem., 1926, 154, 203) in chloroform was treated with an excess of diazomethane in 
ethereal solution. The mixture was kept for 15 minutes in ice and 15 minutes at room tem- 
perature: it was then ice-cooled while hydrogen chloride was passed in. The solvent was 
removed in a vacuum, and the partly crystalline residue treated with a little ether, in which the 
required product wasinsoluble. It formed prisms from ethylacetate,m. p. 142°. The compound 
reduced Fehling’s solution; it was readily decomposed by alkali, chlorine ions being liberated 
(Found: N, 5-5; Cl, 13-8. C,gH,,0,NCIS requires N, 5-35; Cl, 13-6%). 

«-p-Toluenesulphonamidoacetophenone.—The potassium salt of p-toluenesulphonamide was 
first prepared as follows. To the amide (2 g.) in hot alcohol (4 c.c.) was added potassium 
hydroxide (0-7 g. in 2-75 c.c. of 75% alcohol), On addition of acetone to the cool mixture the 
potassium salt separated in plates (yield, 75%) (Found: K, 18-9. C,H,O,NSK requires K, 
18-7%). The product (1 g.), w-bromoacetophenone (1 g.), and benzene (5 c.c.) were refluxed 
for 2 hours. The liquid was then twice extracted with dilute sulphuric acid, dried, and con- 
centrated. The residual oil crystallised on cooling; it formed plates from aqueous alcohol, m. p. 
116° (yield, 30%). The compound reduced Fehling’s solution (Found: C, 62-6; H, 5-1; S, 
11-2; N, 4:9. C,sH,,0,NS requires C, 62-3; H, 5-2; S, 11-1; N, 48%). 

Reduction Experiments.—Zinc wool (12-5 g.) was amalgamated by keeping for 1 hour at room 
temperature under 5% aqueous mercuric chloride (250 c.c.). It was then collected and divided 
into two approximately equal parts; one was added to the substance under test (0-5 g.) and 
refluxed with concentrated hydrochloric acid (50 c.c.) for l hour. The rest of the zinc and more 
acid (25 c.c.) were then added, and the boiling continued for another hour. The solution was 
then concentrated in a vacuum, and the residual syrup dissolved in water and repeatedly ex- 
tracted with ethyl acetate; the extracts, after being shaken twice with aqueous bicarbonate, 
were dried and concentrated. The p-toluenesulphonamide in all cases needed no further puri- 
fication; it was identified by mixed m. p., and in the case of y-p-toluenesulphonamido-8-keto- 
hexoic acid, by analysis (Found: N, 7-9. Calc.: N, 8-2%). The yields of p-toluenesulphon- 
amide were as follows: +y-p-toluenesulphonamido-8-ketohexoic acid, 77%; 1-p-toluene- 
sulphonyl-2-chloroacetylpyrrolidine, 70%; «'-chloro-a-p-toluenesulphonamidoacetone, 78°5% ; 
«-p-toluenesulphonamidoacetophenone, 88-5% ; N-p-toluenesulphonylglycine, 0; N-p-toluene- 
sulphonylglutamic acid, 0; 1-p-toluenesulphonylpyrrolidine-2-carboxylic acid, 0. 

5-Keto-1-p-toluenesulphonylpyrvrolidine-2-carboxyamide.—Dry ammonia was led into a 
chloroform solution of the corresponding acid chloride, obtained as described in the preparation 
of the chloromethyl ketone. The precipitate was recrystallised from aqueous alcohol (50%), 
the product being well washed with water. Yield, 65%. It formed needles, m. p. 196° (Found : 
N, 9-8; S, 11-4. C,,H,,O,N,S requires N, 9-9; S, 11-35%). 

N-p-Toluenesulphonylisoglutamine.—5-Keto-1-p-toluenesulphonylpyrrolidine-«-carboxyamide 
and n-sodium hydroxide (1 equiv.) were warmed on the water-bath for 5 minutes. On acidific- 
ation and cooling, the required product separated in 90—95% yield; it formed needles from 
aqueous alcohol. The compound melted over a range from 158° to 170° possibly owing to 
cyclisation on heating; this m. p. remained unchanged through repeated recrystallisations 
(Found : N, 9-25; S, 10-8; equiv., 300. C,,H,,0,N,S requires N, 9-3; S, 10°7%; equiv., 300). 

Action of Hypobromite on 5-Keto-1-p-toluenesulphonylpyrrolidine-2-carboxyamide.—(a) The 
amide (1-14 g.) was added to a chilled mixture of bromine (0-655 g., 2 equivs.) and 2n-potassium 
hydroxide (10 c.c.). Oily droplets of bromoform separated in the first few minutes. The 
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mixture was warmed at 50° for 2 hours. After cooling and addition of n-hydrobromic acid 
(8-0 c.c.) p-toluenesulphonamide was precipitated in 35% yield, and identified by mixed m. p. 
On addition of a further 4-0 c.c. of acid, p-toluenesulphonylisoglutamine separated in 50% 
yield (Found: N, 9-4%; equiv., 297). Properties and m. p. were identical with those of the 
compound prepared as above. P 

(b) The amide (2-75 g.), bromine (6 equivs.), and 2N-potassium hydroxide (44-5 c.c.) were 
allowed to react as above. On acidification p-toluenesulphonamide (1-125 g.) was deposited : 
on concentration of the mother-liquor a further crop was obtained, bringing the total yield to 
80%. The aqueous mother-liquor was subjected to continuous ether extraction for 6 hours. 
The extract contained a little tarry material from which no crystalline substance could be 
isolated. Finally the material was warmed with acetyl chloride for 15 minutes, and then 
heated strongly: no sublimate of succinic anhydride was observed. 

Conversion of N-p-Toluenesulphonylisoglutamine into N-Carbobenzyloxyisoglutamine.—To the 
amide (4-1 g.) in liquid ammonia (70 c.c.) cooled with acetone and solid carbon dioxide, sodium 
(ca. 1-5 g.) was added in small pieces till a permanent blue colour was obtained. The ammonia 
was then allowed to boil off, the last traces being removed from the residual solid by powdering 
and desiccation in a vacuum. The solid was dissolved in water, and the solution extracted 
with ethyl acetate and concentrated to low bulk in a vacuum: it was then acidified to pq 5 
and again extracted with ethyl acetate. Magnesium oxide (0-75 g.) was added to the aqueous 
layer, followed by benzyl chloroformate (2-3 g.) in ether (10 c.c.) in small portions with cooling 
and shaking. The mixture was shaken for 1-5 hours at room temperature, the magnesia filtered 
off, and the aqueous layer separated and extracted with ether: on acidification the product 
separated in 65% yield. After crystallisation from 50% aqueous methyl alcohol, it had m. p. 
174-5°. A mixed m. p. determination showed its identity with N-carbobenzyloxyisoglutamine 
prepared from carbobenzyloxyglutamic anhydride (Bergmann and Zervas, Ber., 1932, 65, 
1192) (Found: N, 10:1. Calc. for C,;H,,0;N,: N, 10-0%). 

N-p-Toluenesulphonylaspartic Anhydride.—p-Toluenesulphonylaspartic acid (Freudenberg 
and Noé, Ber., 1925, 58, 2399) was refluxed with 10 parts of acetyl chloride till a clear solution 
was obtained (10—15 mins.) : the residue on removal of solvent crystallised readily. Yield, 
80%. It formed prisms from ethyl acetate—petroleum, m. p. 148° (Found: C, 48-8; H, 4-1; 
S, 11:7; N, 5-3. C,,H,,0O;NS requires C, 49-0; H, 4:1; S, 11-9; N, 5-2%). The compound 
did not react with phosphorus pentachloride on long standing under dry ether. 

«( ?)-Methyl N-p-Toluenesulphonylaspartate.—The anhydride was treated with sodium meth- 
oxide (1 equiv.) in methyl-alcoholic solution at room temperature for 1 hour. The solvent was 
removed in a vacuum, the residue dissolved in water, and the solution extracted with ethyl 
acetate. The product was obtained from the aqueous layer by acidification, extraction into 
ethyl acetate, and removal of the latter. It formed needles from ethyl acetate—petroleum, m. p. 
96°. Yield, 50% + a further crop from the mother-liquor (Found: N, 4-7. C,,H,,O,NS 
requires N, 465%). The compound could be recrystallised from water, in which it gave a 
solution markedly acid to litmus. The nature of the compound was confirmed by its behaviour 
on titration with n/70-alkali. It would be expected to neutralise one equivalent instantaneously, 
and a second by slow hydrolysis of the ester group. A drifting end-point was in fact observed 
after 1 equiv. had been added; a further 1-5 equivs. were added, and the solution was heated on 
the water-bath for 5 minutes, and then back-titrated against hydrochloric acid (Found : equiv., 
152. Calc., 150-5). 

The a-configuration is provisionally assumed for this compound by analogy with the 
a-esters obtained by similar reactions from carbobenzyloxy-glutamic and -aspartic anhydrides. 


We wish to express our thanks to Dr. P. Fildes, F.R.S., for the gift of some di-glutamic 
acid monohydrate. 


UNIVERSITY COLLEGE HospiITAL MEDICAL SCHOOL, 
Lonpon, W.C. 1. [Received, April 19th, 1940.] 
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433. Sapogenins. Part IX. The Occurrence and Constitution of 
Bassic Acid. 


By B. JASON Hrywoop and GEORGE A. R. Kon. 


Bassic acid (Heywood, Kon, and Ware, J., 1939, 1124) has been isolated from the 
seeds of all except two of the Sapotacee which we have examined, and appears to be 
the characteristic sapogenin of this order. 

The position of one primary and one secondary hydroxyl group in bassic acid has 
already been demonstrated; it 1s now shown that the third hydroxy] is secondary and 
occupies a position B with respect to the other secondary hydroxyl group. It must 


is suggested, in which the positions of the carboxyl group and of the second double 
pond, which is in a position By or ys with respect to it, are assumed by analogy with 
other triterpenes and still require proof. 


In Part V (Joe. cit.) it was concluded that the sapogenin bassic acid, which had been isolated 
from three species of Bassia, has a pentacyclic skeleton similar to that of other triterpenes 
and that two of its three hydroxyl groups are disposed like those of hederagenin. It was 
shown that there are two double bonds of unequal reactivity and that one of these occupies 
the usual position Py oF ys with respect to the carboxyl group, thus accounting for the 
ready formation of lactones. 

It was left to be decided whether bassic acid is identical with an acid isolated by van 
der Haar from both Mimusops elengt L. and Achras sapota L. (Rec. Trav. chim., 1929, 
48, 1155, 1166) and formulated as CogH Os: M. elengi seed has now been found to be 
an excellent source of the sapogenin, which is easily obtained from it in a pure state. It 
was identified as bassic acid by direct comparison and by the preparation of the methyl 
ester and especi ally of the acetonyl derivative of the latter ; this constitutes the most certain 
method for the identification of bassic acid. 

The crude saponin content of Achras sapota seed of West Indian origin appeared to be 
normal, but we were unable to prepare from it more than a very small amount of the 
sapogenin, which was identified as bassic acid; van der Haar worked with seed of Asiatic 
origin, which evidently yields more sapogenin. There are indications that the sapogenin 
obtained from Achras sapota seed contains another constituent in addition to bassic acid, 
because a small amount of an ester of higher melting point (233°) was isolated when the 
sapogenin was esterified and the ester subjected to chromatographic analysis; the amount 


We have also prepared and examined the sapogenin from a number of other plants of 
the order Sapotacee, namely, Bassia longifolia L. (= Madhuca longi folta Roxb.) from 
Ceylon and from Burma, Mimusops hexandra Roxb. from Ceylon, M. djave Engl. from 
Nigeria, Dumoria Heckelit Pierre from the Gold Coast, Payena lucida DC. and Palaquium 
gutta Burck. from the Federated Malay States and “ ketiau nuts” (Palaquium sp.) * from 
N. Borneo. With the exception of the last two, which did not give a pure sapogenin, 
these seeds yielded varying amounts of bassic acid, which evidently occurs in a large 


out solvent of crystallisation, although the last traces of the latter are tenaciously retained. 
Also, the alcohol-containing crystals first obtained tend to lose their solvent of crystallis- 


The methyl ester of bassic acid occurs in two forms, the « of m. p- 214—215°, [ap + 64°, 


* Wehmer (‘ Die Pflanzenstoffe,” Jena, 1931) mentions two plants as producing Katiau or Ketiauw 
oil, namely, Bassia mottleyana Clarke and Payena bankenst 


msis Burck. 
+ This is doubtless the reason for the variations im the rotation of the acid which are sometimes 
observed. 
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and the 6, m. p. 220°, [«]» + 55-5°. ° Both give the same acetonyl derivative, from which 
the «-form is generally regenerated in methyl-alcoholic solution and the ®-form in ethyl 
alcohol. A mixture of the two forms exhibits a marked depression of the melting point. 
They may be distinguished by the ability of the «-form to crystallise from benzene, from 
which the §-isomeride separates in a gelatinous condition; it does, however, crystallise 
extremely well from methyl or ethylalcohol. Again, the 6-ester gives rise without difficulty 
to the crystalline triacetate already prepared by van der Haar (loc. cit.), whereas the acetate 
of the «-ester is only obtained with difficulty and does not separate from solvents in a 
crystalline condition. 

Only the «-ester undergoes catalytic hydrogenation, but this often fails for no apparent 
reason and the investigation of the dihydro-derivative has not yet been completed. The 
statement that one double bond of bassic acid is much more reactive than the other 
(Heywood, Kon, and Ware, loc. cit.) may 
therefore require qualification. 

As the outcome of the experiments 
described below, it has been possible to 
ascertain the position of one of these 
double bonds and of the last remaining 
hydroxyl group, in spite of the fact that 
most of the standard methods of oxid- 
ative degradation led to uncrystallisable 
products; for example, all attempts to 
oxidise the acid or its ester with chromic 
acid or permanganate were uniformly 
unsuccessful. Other negative results 
include the oxidation of the ester with 
lead tetra-acetate and with periodic 
acid, from which it can be concluded 
that the acid does not contain an «-glycol 
grouping. The ester was recovered un- 
changed after prolonged treatment with 
Oppenauer’s reagent. 

We were more successful with the 
acetonyl derivative of the ester, in which 
a primary and a secondary hydroxyl 
group in the 1 : 3-position to one another 











a eT protected. The third hydroxyl is 
2200 = «2500 3000 " $500 3600 ©Xidised by chromic acid and a new 
Wave-length, A. acetonyl derivative is formed, which can 


be hydrolysed to the parent ketonic 
ester; this forms a semicarbazone. The new acetonyl compound has no reducing properties 
and resists further oxidation; the hydroxyl group which has undergone oxidation must 
therefore have been a secondary, and not a primary one. 

Evidence regarding the position of this group and also of one double bond is afforded 
by the reactions of the bromo-lactone of bassic acid, in which the other double bond is 
protected by lactonisation. Like other bromo-lactones derived from triterpene acids, 
this compound can be reconverted into the parent acid by treatment with zinc and acetic 
acid and it forms a (?) hydroxy-lactone with alkali (compare Kitasato and Sone, Acta 
Phytochim., 1932, 6, 179). 

Oxidation of the bromo-lactone C,,5H,,0,Br with chromic acid gives a crystalline solid, 
C,9H3,0,;Br, which was at first thought to be a weak acid, but was later recognised as a 
strongly acidic diketone, giving an intense purple colour with ferric chloride and forming 
a yellow potassio-derivative; the carbonyl groups responsible for enolisation must be in 
the $-position to one another, since an «-diketone is not likely to survive the conditions 
under which the compound is formed and for other reasons which are discussed below. 
This formulation is borne out by the absorption spectrum of the diketone (Figure), which 
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shows a band with a maximum at 2640 A. (log ¢,,,,. = 3-93) and is thus comparable with 
that of cholestane-2 : 3-dione, the two enol forms of which have bands at 2700 and 2720 
respectively (log ¢,,,,. 3°70 and 3-93) (Rosenheim and Stiller, J., 1938, 353); similarly, the 
acetate of cholestan-3-ol-6 : 7-dione has a band at 27465 A. (log ¢,,,,. == 4-03) (Heilbron, Jones, 
and Spring, J., 1937, 801). Unpublished observations made in these laboratories show 
that enolised cyclic «- and @-diketones show similar absorption, except that the maxima 
for «-diketones are somewhat nearer the visible part of the spectrum. 

Now in the formation of the diketone from. the bromo-lactone the grouping 
~CH(OH)-CMe:CH,:OH is oxidised to -CO-CHMe as in the degradation of hederagenin to 
hedragone, and the remaining secondary hydroxyl group is converted into carbonyl, thus 
accounting for the loss of a carbon atom, six hydrogen atoms and an oxygen atom; a 
new oxygen atom is therefore introduced without the elimination of hydrogen atoms. 
This evidently takes place by the hydroxylation of the double bond and subsequent 
elimination of water, as in the oxidation of nor-f-boswellenone to nor-§-boswellanedione 
(Simpson and Williams, J., 1938, oa and in many other examples : 


CH,-OH, Me) | ‘ 
) 
\ \ 


>C:CH- *>C(OH) foregut x >>CH-CO- 
>CHOH 7’ >CO >CO 
The new carbonyl group appears to be inert and does not react with the usual carbonyl 
reagents: for instance, the triketone only forms a mono-2 : 4-dinitrophenylhydrazone. 
There is evidence, however, both of the ketonic nature of this group and of its position 
in the molecule 3 with respect to another carbonyl group. On treatment with bromine 
the triketone loses two hydrogen atoms with great ease and a bromine atom is also intro- 
duced by substitution. Such a dehydrogenating action of bromine has been noted in 
ketones derived from both a- and §-amyrin and gives rise to «f$-unsaturated ketones 
(Seymour, Sharples, and Spring, J., 1939, 1075; Picard, Sharples, and Spring, ibid., p. 1045), 
and an exact parallel is provided by the bromination of cholestane-3 : 6-dione (I) to the 
unsaturated dibromide (II) (Butenandt, Schramm, and Kudszus, Annalen, 1937, 531, 176) ; 
in our case, however, the carbon atom C, is already fully substituted and only one atom of 
bromine is introduced instead of two, the process being represented by formulz (III) to (V) : 


sh) -2 


Of the two possible positions for the bromine atom, C, and C,, we favour rh former because 
the new triketone is no longer enolised; it also possesses a marked yellow colour. The 
absorption spectrum of the dibromo-triketone (V) has a band at 2840 A. (log en, = 3°86). 
This is much nearer the visible region than would be expected by analogy with A*-cholestene- 
3: 6-dione or its dibromide (II), both of which absorb at about 2520. (Butenandt, 
Schramm, and Kudszus, loc. cit.); we are at present unable to explain this difference. 
From the reactions described above, it can be concluded that the third hydroxyl group 
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of bassic acid must be situated on C, in ring A,* and that the double bond which does not 
take part in lactone formation must be accommodated in ring B, between C, and C,. 

These conclusions receive decisive confirmation from a re-examination of the diketone 
previously obtained by the oxidation of bassic ester with copper bronze. We were again 
unsuccessful in our attempts to prepare the diketone in a crystalline condition; it has, 
however, been obtained analytically pure and the formula C,)H,,0, (erroneously given 
as Cy9H,,O, by Heywood, Kon, and Ware, loc. cit., p. 1125) confirmed. The pure compound 
gives an intense colour with ferric chloride, dissolves in alkali, and has one active hydrogen 
atom (Zerevitinov) ; it is therefore an enol. In its formation no additional oxygen atom 
has been introduced, as in the formation of the triketone (III), and it is clear that the 
two carbonyl groups must represent the two secondary hydroxyl groups of bassic acid. 
Since the acid does not contain the a-glycol grouping (p. 714) and the diketone is not 
oxidised by alkaline hydrogen peroxide, these carbonyl groups must be in the §-position 
to one another, as already suggested. 

The absorption spectrum of the diketone shown in the figure differs sharply from those 
of the two triketones. There is a strong band at 3230 A. (log ¢,,,, = 4-04), which cannot 
be accounted for merely by the enol form of the diketone; it is, however, consistent with 
a structure containing a carbonyl group conjugated with two double bonds, both of the 
latter being situated in the same ring (compare, for example, 6-keto-3-acetoxy-A?‘4- 
cholestadiene; Heilbron, Jackson, Jones, and Spring, J., 1938, 102). To form such a 
system it is necessary for another double bond to become conjugated with the double bond 
formed by the enolisation of one of the carbonyl groups (on C,). This can be readily 
brought about by the wandering of the double bond placed in ring B after the elimination 
of the primary carbinol group : 

CH,-OH 


angs\ > hoe: 
(V1.) ey | y, 


— 


The change is thus exactly analogous to the formation of cholestenone from cholesterol 
and is, incidentally, caused by the same oxidising agent (compare Sexton, J., 1928, 2825). 

The spectrum of the 2 : 4-dinitrophenylhydrazone of (VII) suggests a singly conjugated 
system (loc. cit.); this appears to be due to the fact that the carbonyl group on C, reacts 
in preference to that on C, and the compound is therefore a derivative of the diketonic form, 
in which only one double bond is conjugated with the more reactive carbonyl group. 

Quantitative microhydrogenation of the diketone (VII) leads to the addition of 5-8 
atoms of hydrogen; on a preparative scale, however, a crystalline tetrahydro-derivative, 
CypH4,0,, is readily obtained. This is still unsaturated to tetranitromethane and forms a 
2 : 4-dinitrophenylhydrazone, but it no longer has the system of conjugated double bonds 
characteristic of the diketone (VII) ; its absorption spectrum shows a band of low intensity 
in the region of 2800 A. (« = 15—20) attributable to a saturated ketone. It is therefore 
the hydroxyketone corresponding to (VII), but fully saturated in ring A. The ready hydro- 
genation of the double bonds in ring A is in marked contrast with the difficulty experienced 
in hydrogenating the double bond in ring B before the isomeric change involved in the 
formation of the dione (VII). 

The oxidation of the dione might be expected to give rise to a neutral ketone (VIII) by 
way of an unstable 6-ketonic acid, with the complete destruction of ring A (compare 
Inhoffen, Ber., 1939, 72, 1686) : 





a 


on/X 0, 0, 
*/ B ps y 5 (VIII.) 
CO,H 
| 2 








f 


* It is obvious that these hydroxyl groups can only be accommodated in one of the terminal rings. 
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The action of chromic acid does, indeed, lead to a neutral ketone, but this is unfortunately 
amorphous and its 2 : 4-dinitrophenylhydrazone is also somewhat indefinite in appearance. 
This compound gives analytical figures in better agreement with a formula containing two 
hydrogen atoms less than would be expected and has a 
bright scarlet colour; its constitution therefore requires 
further proof. 
Further experiments are in progress with the object, 
CO,H in particular, of securing decisive evidence regarding the 
position of the carboxyl group of bassic acid together 
with that of the remaining double bond, which takes 
part in lactone formation. For the present it seems 
justified to assume that they occupy the same respective 
positions as the carboxyl and the double bond of the 
$-amyrin group of triterpenes (hederagenin), in which case bassic acid can be formulated 
as (IX). 

The position of the second double bond of bassic acid in ring B is one of the two positions 
which have been put forward for the double bond of 8-boswellic acid (Simpson and Williams, 
loc. cit.). This acid has been converted into «-amyrin (Ruzicka and Wirz, Helv. Chim. Acta, 
1939, 22, 948) and it appears possible that such a position of the double bond is character- 
istic of the «-amyrin group of triterpenes. Bassic acid would, in that case, occupy an 
interesting intermediate position as a member of both groups. 


EXPERIMENTAL. 
The melting points are uncorrected. Unless otherwise stated, specimens for analysis were 
dried for 2 hours at 100°/1 mm. 
Extraction of Bassic Acid.—The extraction of bassic acid from the seeds of various Sapotacee 


was carried out as described by Heywood, Kon, and Ware (loc. cit.) and the results are 
summarised in Table I. 


TABLE I. 


HOOW MOORE 


4 

“68 
ty 
o pure st ge was obtained 


‘jon tatehoantine the amount of these was insignificant except in eens of P. lucida, from which 32%, of crystalline 
sugar was isolated. 

The highest yield of sapogenin, amounting to 4-8% calculated on the fat-free meal, was 
obtained from B. longifolia (from Ceylon) and this is distinctly higher than the best yield 
previously recorded (from B. butyracea); the yield naturally depends on the condition of the 
seed, absence of mould, etc. The sapogenin is also obtained with great ease from the seed of 
M. elengi, but this is only available in small amounts, M. hexandra seed, the source of Rayan 
oil (compare Patel, J. Indian Inst. Sci., 1925, 7, 71), is inconveniently small (25 seed kernels 
to 1 g. on the average) and consequently difficult to shell. 

Methyl Bassate, 8-Form.—This has evidently been prepared by van der Haar (loc. cit.), 
who did not, however, realise the difference between the two esters (Found for a specimen pre- 
pared from M. elengi: C, 74-3; H, 9-6. C,,H,,O, requires C, 74-4; H, 97%). The acetonyl 
compound prepared from it had m. p. 205—206° (Found: C, 75:2; H, 95. Calc.: C, 75-5; 
H, 9-7%). 

Methyl Triacetylbassate.—This was prepared from the 8-ester as described by van der Haar 
(loc. cit.) and had m. p. 148—149° (Found: C, 71-0; H, 8-8. Calc.: C, 70-9; H, 87%). 

Methyl Dehydvobassate.—2-2 G. of the finely ground acetonyl derivative of bassic ester, 
suspended in 110 c.c. of ‘‘ AnalaR”’ acetic acid, were mechanically stirred at 0—10° while 0-5 g. 

3B 


Z 


B. 
B. 
B. 
B. 
B. 
A. 
M. 
M. 
M. 
D. 
P. 
P. 
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of chromic acid in 15 c.c. of acetic acid was added dropwise during 1} hours. The excess 
of reagent was decomposed with sodium sulphite, and the solution poured into 750 c.c. of 
water. The solid was washed with 10% sodium hydroxide solution and crystallised from 
acetone containing a little hydrochloric acid; 1-05 g. of plates, m. p. 178—182°, were obtained. 
In another experiment 4-4 g. of starting material gave 1-75 g. of product, m. p. 183—185°. 
A solution of this in benzene (50 c.c.) was percolated through 15 g. of activated alumina, followed 
by 50 c.c. of benzene, then 100 c.c. of benzene containing 1% of methyl alcohol. The first 
50 c.c. of solution gave 1 g. of solid, m. p. 181—183°, on evaporation and crystallisation of the 
residue from acetone; the second 50 c.c. gave similar material, and the last runnings contained 
unchanged starting material, m. p. 203—-205°. The new acetonyl compound formed large trans- 
parent prisms, m. p. 181—183°, not depressed by the acetonyl compound of bassic ester (Found : 
C, 75:8; H, 9-5. C,,H,,O, requires C, 75-8; H, 9-4%). 

The acetonyl compound was boiled with alcohol containing a little hydrochloric acid until 
all the solid had gone into solution, which was then gradually diluted with water until a slight 
turbidity appeared. Crystals soon began to separate, but some gelatinous material was also 
deposited. The product was therefore precipitated with water and extracted with ether. 
After removal of the solvent the residue was crystallised from benzene—petroleum, then from 
benzene and finally from methyl alcohol, forming needles, m. p. 202—203-5° (Found: C, 74:8; 
H, 9-5. C,,H,,O, requires C, 74-6; H, 9-3%). The estey formed a canary-yellow precipitate 
with 2:4-dinitrophenylhydrazine. A semicarbazone was obtained by dissolving the ester 
(1-55 g.) in a solution prepared by grinding 1-1 g. of semicarbazide hydrochloride and 1-6 g. 
of sodium acetate with 15 c.c. of methyl alcohol and filtering the liquid; the crystals that 
appeared after 3 hours were collected the next day (1-4 g.) and twice recrystallised from methyl 
alcohol, forming feathery needles, m. p. 210—213° (Found: N, 7:5. C3,H,,O,N; requires N, 
76%). The diacetate prepared by boiling the ester with acetic anhydride for an hour formed 
plates, m. p. 88—91°, from dilute acetic acid; it did not give satisfactory figures on analysis. 

Conversion of the Bromo-lactone into Bassic Acid.—The bromo-lactone was prepared as 
described before (loc. cit.); it had [«]p + 64-8° (c = 2-05 in chloroform). It formed an acetonyl 
compound, prisms from acetone, m. p. 205—206° (Found: C, 65-6; H, 8-2. C,,H,,O,;Br requires 
C, 65-6; H, 82%). 

900 Mg. of the bromo-lactone in 35 c.c. of acetic acid were heated on the steam-bath, and 5 g. 
of zinc dust added in small portions in the course of $ hour with constant shaking. The mixture 
was heated for a further 4 hour and filtered, and the cake of zinc extracted with acetic acid. 
The acetic acid solution was diluted with water, and the solid dissolved in ether, from which 
bassic acid was extracted with 10% potassium hydroxide solution in the form of the sparingly 
soluble potassium salt. This was filtered off, and the acid liberated and recrystallised from 
methyl alcohol (650 mg.), m. p. 319—324°; it was identified by a mixed m. p. determination. 
The rotation of the acid in pyridine solution was rather low ([a]p + 72°), but the compound 
was esterified and the ester converted into the characteristic acetonyl derivative, which was 
identified in the usual way. 

(?) Hydroxy-lactone.—1 G. of the bromo-lactone was boiled for 1} hours with 2 g. of potassium 
hydroxide in 30 c.c. of methyl alcohol; another 2 g. of potassium hydroxide were then added, 
and the heating continued for a further 14 hours; potassium bromide had then separated. 
Water was added and the products were extracted with ether after acidification. Very little 
acidic material was recovered by extraction with alkali; the neutral material left after the 
evaporation of the ether was repeatedly crystallised from dilute methyl alcohol, forming needles, 
m. p. 236°; on occasion the m. p. was as low as 215°. From the analytical results it appears 
that the compound is the lactone and not the methyl ester, which should have been produced 
by analogy with the corresponding derivative of hederagenin (Kitasato and Sone, loc. cit.) 
(Found: C, 71-6, 71-3; H, 9-2, 9-2. C,,H,,O, requires C, 71-7; H, 9:2%). 

Oxidation of the Bromo-lactone.—12 G. of the bromo-lactone in 800 c.c. of acetic acid and 
80 c.c. of water were mechanically stirred at 5—10° while 8 g. of chromic acid in 250 c.c. of 
acetic acid were dropped in. As no oxidation took place at first, 6-5 c.c. of sulphuric acid diluted 
with acetic acid were added; the oxidising agent was then rapidly reduced and the oxidation 
proceeded normally (on a small scale the addition of sulphuric acid had not been found necessary). 
The excess of reagent was destroyed with sodium sulphite, and the solvent distilled off under 
reduced pressure. The residue was treated with water and the products were extracted with 
ether, the extract being shaken with water and with dilute sulphuric acid. Acidic products 
were removed by shaking with sodium carbonate solution and the extract was then shaken 
with 10% potassium hydroxide solution. This caused the precipitation of a yellow potassio- 
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derivative, which was filtered off and decomposed with mineral acid in presence-of ether. The 
ethereal solution gave on evaporation a gum, which solidified on rubbing with methyl alcohol 
and keeping overnight. It was finally crystallised three times from acetic acid, forming small 
needles, m. p. 245° (decomp.); the triketone (III) was very sparingly soluble in organic solvents 
except chloroform (Found: C, 63-4, 64-0; H, 6-9, 7-1. C,.H,,O,Br requires C, 63-6; H, 7-2%). 
The 2: 4-dinitrophenylhydrazone was a sparingly soluble, yellow powder, m. p. 286—288° 
(decomp.) (Found : C, 57-7; H, 5-8. C,;H,,O,N,Br requires C, 57-8; H, 60%). The triketone 
gave on treatment with diazomethane a methyl ether, which could not be crystallised; the 
2: 4-dinitrophenyhydrazone of it had m. p. 204—295° (decomp.) (Found: C, 58-0; H, 6-1. 
Cs.H,,O,N,Br requires C, 58-3; H, 61%). The absorption of light by this compound in 
chloroform showed a maximum at 4150. with subsidiary maxima at 3130 and 2600a. 
(log Engx 4°58, 3-78, and 4-25 respectively), suggesting the presence of two conjugated double 
bonds. 

Dibromo-triketone (V).—200 Mg. of the triketone (III) were dissolved in 50 c.c. of boiling 
acetic acid, and the solution rapidly cooled to obtain the solid in a fine state of division. 65 C.c. 
of water and 1 g. of sodium carbonate were cautiously added to the ice-cold solution, followed 
by 50 mg. of bromine in a little acetic acid. The yellow precipitate was collected after an hour 
and dissolved in chloroform, and the solution shaken with 10% aqueous potassium hydroxide, 
which did not remove any acidic material, then washed with water, dried, and evaporated. 
The residue, obtained in quantitative yield, crystallisedefrom chloroform-ether in canary- 
yellow needles, m. p. 229° (decomp.); the colour was not removed by chromatographic 
adsorption from a chloroform solution and treatment with norit. The compound was sparingly 
soluble in organic solvents except chloroform and gave no colour with ferric chloride (Found : 
C, 55:8; H, 5-6. C,H,;,0,Br, requires C, 55-8; H, 58%). When it was boiled with 
o-phenylenediamine in alcohol—acetic acid for 7 hours, it gave a colourlesss condensation 
product forming needles from alcohol, m. p. 248—249°. 

Diketone (V1I).—The oxidation of the pure $-ester with copper bronze was carried out as 
before. The crude product from 3 g. of ester was dissolved in benzene, ether added, and the 
pseudo-acidic material extracted with ice-cold 15% potassium hydroxide solution, a yellow 
potassio-derivative being precipitated. This was washed by decantation with ether, and the 
diketone liberated with mineral acid and extracted with ether, being obtained as a gum (2 g.) 
on evaporation of the solvent. It was finally purified by chromatographic adsorption from a 
benzene solution and thus freed from a small amount of adhering neutral impurity. It was 
eluted with benzene—methyl alcohol and finally with acetone, the progress of the operation 
being followed by the reaction with ferric chloride. The diketone was finally distilled at 130— 
140° /0-00064 mm. as a yellow gum (800 mg.) (Found: C, 77-7, 77:5; H, 9-1, 91. C, 9H,,0, 
requires C, 77-3; H, 91%). The diketone readily formed an enol acetate on treatment with 
acetic anhydride and pyridine in the cold, but the compound was amorphous; it did not give 
a colour with ferric chloride. 

Oxidation of the Diketone (VII).—This was carried out essentially as described on p. 718, 
The principal product was neutral; as it could not be induced to crystallise, the 2 : 4-dinitro- 
phenylhydrazone was prepared. It was a scarlet powder, which was purified by chromatographic 
adsorption and crystallisation from acetic acid and then from alcohol; m. p. 274—276° (decomp.) 
(Found: C, 66-3; H, 6-9. C,,H,,O,N, requires C, 65:7; H, 7:5%). Cs,;HygO,N, requires 
C, 65-9; H, 7-2%). 

Reduction of the Diketone (VII).—1 G. of the diketone, purified through its potassio-derivative, 
was dissolved in 70 c.c. of alcohol and shaken with 50 mg. of Adams’s catalyst in an atmosphere 
of hydrogen for 16 hours, 132 c.c. being absorbed at N.T.P. (theoretical for 3 mols., 146 c.c.). 
The pale yellow gum recovered on evaporation of the solvent was dissolved in benzene and per- 
colated through a column of 20 g. of activated alumina, most of the material remaining adsorbed, 
although a small portion was recovered from the solution and solidified on rubbing with methyl 
alcohol. The material was then eluted from the column by means of benzene containing 1% 
of ethyl alcohol, the solution evaporated, and the residue dissolved in methyl alcohol and seeded 
with the crystalline material; after keeping in a refrigerator for 30 hours the crystals (150 mg.) 
were collected and recrystallised twice more, forming needles, m. p. 218—219°; the tetrahydro- 
compound gave no colour with ferric chloride (Found: C, 76-8; H, 10-1. C,9H,,O, requires 
C, 76-6; H, 9-9%). Owing to the small amount of material available the light absorption could 
only be measured approximately; a 0-0054% alcoholic solution showed a band head between 
2740 and 2840 a. (Ei%, ca. 0-4). The 2: 4-dinitrophenylhydrazone was an orange powder, 
m. p. 234—236°. 
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134. Fused Carbon Rings. Part XVIII. Further Investigations of 
Model Substances of the Sexual Hormone Type. 


By V. C. E. Burnop and R. P. LINSTEAD. 


New synthetic routes to 8-methyl-1-hydrindanone have been investigated. The 
oxidation of 9-methyloctalin, obtained by dehydrating 9-methyl-2-decalol, has been 
re-examined. Its reaction with permanganate corresponds entirely with the oxidation 
of a A®*8-double bond. Its ozonolysis leads to products corresponding with both 
A?*8- and A?*2-double bonds. Its oxidation by lead tetra-acetate, selenium dioxide 
and oxygen in the presence of iron phthalocyanine gives products corresponding with 
a Al‘*-double bond. These results are discussed. 8-Methyl-2-hydrindanone has 
been converted into 8-methyl-1-hydrindanone by a method paralleling in its last stage 
the conversion of oestriol into oestrone. 


The oxidation of trans-A?*3-octalin by lead tetra-acetate has been examined. 


8-METHYL-1-HYDRINDANONE (I) is of interest as a model substance of the female hormone 
type. The earlier methods for its synthesis were recently improved by Elliott and Linstead 
(J., 1938, 660). When, however, this procedure was applied to the actual synthesis of 
sexual hormones, various difficulties were encountered, an account of which is given in the 
following paper. We therefore made an examination of alternative methods for the 
synthesis of the model structure. 

By the “‘ butenyl ” method of Linstead, Millidge, and Walpole (J., 1937, 1140) dicyclic 
compounds containing an angular methyl group can easily be made in two stages from 
monocyclic ketones. This method, however, does not at first sight appear satisfactory 
for the synthesis of the sexual hormone model. It leads to $-alcohols; for example, 
9-methyl-2-decalol (II) is obtained from 2-methyl-1-A’-butenylcyclohexanol (III). (II) 
on oxidation gives 1-methylcyclohexane-1 : 2-diacetic acid (IV) and. thence 8-methyl-2- 
hydrindanone (V) with the carbonyl group in the wrong position. Moreover the 9-methyl- 
octalin formed by the dehydration of (II) yields the same acid (IV) on oxidation and there- 
fore contains the A*-isomeride (VI). 

It was decided: (1) To examine more carefully whether the A}-isomeride (VII), which 
would be a source of the desired 8-methyl-l-hydrindanone, was not present in the olefin. 
(2) To examine the possibility of oxidising the A?-olefin with reagents which are known to 
attack methylene groups next to a double bond. This would lead to either 9-methyl-1- 
octalone or -4-octalone. The former could be degraded to 8-methyl-l-hydrindanone ; 
the latter would have many interesting synthetic possibilities. (3) To examine the 
possibility of converting 8-methyl-2-hydrindanone into the 1-isomeride. 

The starting substance in this work, 9-methyl-2-decalol,* has so far only been prepared 
from 2-methyl-l-butenylcyclohexanol (III). To unite this method with earlier work we 
have now prepared the alcohol from the isomeric 1-methyl-2-A”-butenylcyclohexanol (VIII) 


* All the substances described in the paper belong to the same stereochemical series, believed to be 
cis (Linstead, Millidge, and Walpole, Joc. cit.). 
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of Hibbit and Linstead (J., 1936, 470) by the action of sulphuric acid and a mixture of 
acetic acid and anhydride. The product was a mixture of epimers which on oxidation with 
chromic acid gave 9-methyl-2-decalone (IX) (Linstead, Millidge, and Walpole, loc. cit.). 


OO fru mo 
NAY e. = 
OO OO 


(VIL.) (VI.) 


| | 
c CH, 
- ae OCS = CO 
/ \CH,CH,-CO,H \CH,*CO,H YY 


(X.) (IV.) (V.) 


It was next confirmed that the olefin obtained by dehydrating 9-methyl-2-decalol 
yielded the diacetic acid (IV) on oxidation with alkaline permanganate. No other acid 
could be isolated from the product (apart from oxalic acid), and when the crude oxidation 
product was heated with baryta it gave a ketone which yielded the almost pure semi- 
carbazone of 8-methyl-2-hydrindanone. A method is described below by which the 
1-ketone can be isolated from a mixture of the isomerides (I and V), but when this was applied 
in the present case, the derivative of the 1-ketone could not be detected. As far as per- 
manganate oxidation is concerned, the olefin behaves as if it is entirely the A*-isomeride, 
and the yield of diacetic acid indicates that it contains at least 50% of this form. 

Ozonolysis, however, showed the presence of some of the A}-isomeride. The methyl- 
octalin was ozonised both in chloroform at 0° and in ethyl acetate at — 75°, and the 
ozonide hydrolysed and further oxidised with alkaline hydrogen peroxide. The acidic 
product was proved to contain both the diacetic acid (IV) and the carboxy-propionic acid 
(X) by two methods. Esterification with boiling methyl-alcoholic sulphuric acid yielded 
an easily separable mixture of the methyl ester of the diacetic acid and the methyl hydrogen 
ester of its isomeride (X). The former was identified by hydrolysis to the acid, m. p. 190°, 
the latter by hydrolysis, followed by pyrolysis to 8-methyl-l-hydrindanone.* In the 
second method the mixture of acids was pyrolysed in the presence of baryta. The ketonic 
product was treated in the cold with semicarbazide acetate until no more derivative separ- 
ated. The solution was then heated, a second semicarbazone separating. The derivative 
which was formed at room temperature readily yielded the semicarbazone of the 2-ketone 
(V) on crystallisation, whereas that which was formed on heating gave the semicarbazone 
of the 1-ketone (I). The difference in reactivity of the two ketones, the one with a free, 
the other with a hindered carbonyl group, had been observed by Linstead, Millidge, and 
Walpole (loc. cit.). The yields obtained were 40% of the diacetic acid and 12% of the 


* At the time this work was done it was believed that cis-l-methylcyclohexane-1-carboxylic-2-B- 
propionic acid was an uncrystallisable gum (cf. Robinson and Walker, J., 1937, 61, 1160; Kon, Linstead, 
and Simons, ibid., p. 814). Dr. G. H. Elliott has recently obtained this acid as a crystalline solid. 
The gummy acid, made by the oxidation of 9-methyl-1-decalol (Elliott and Linstead, Joc. cit.), solidified 
after standing in contact with water. Crystallisation proved difficult. It was carried out first from 
acetone—dilute acetic acid and finally from aqueous acetone. The acid forms large colourless rhombs, 
m. p. 108—109° (Found: C, 61-7, 61-8; H, 84, 8-2. C,,H,,0O, requires C, 61-7; H, 845%). On 
pyrolysis the crystalline acid yields 8-methyl-l-hydrindanone (semicarbazone, m. p. 223°) identical 
with that previously obtained from the crude acid.—R. P. L. 
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carboxy-propionic acid. The overall yields of ketones were 16% of the 2-ketone and 8% 
of the 1-ketone. Very similar results were obtained from the ozonisation of 9-methyl- 
octalin prepared as a by-product in the cyclisation (III) —~ (II). 

As the yield of 1-ketone left much to be desired, we next examined the oxidation of 
the mixture of olefins by lead tetra-acetate, selenium dioxide, and by oxygen in the presence 
of iron phthalocyanine (A. H. Cook, J., 1938, 1774). 

9-Methyloctalin was oxidised readily by lead tetra-acetate to the acetate of an unsatur- 
ated alcohol. Unexpectedly, this proved to be mainly 9-methyl-A1-3-octalol (XI). It was 
catalytically hydrogenated to 9-methyl-3-decalol, which on oxidation with chromic acid 
yielded 9-methyl-3-decalone, m. p. 47°, identical with the ketone of duFeu, McQuillin, and 
Robinson (J., 1937, 53). No definite isomerides could be isolated, although a little liquid 
ketone was obtained. This yielded 1-methylcyclohexane-l : 2-diacetic acid on oxidation 
with nitric acid, and hence contained the 3 (or perhaps 2)-ketone. As the parent olefin was 
known to be a mixture, some oxidations were carried out in stages, the first-formed acetate 
being separated and the recovered hydrocarbon reoxidised. The acetates so obtained, 
however, were almost identical in properties. 

When the olefin was treated with oxygen at 70° in the presence of a little ferrous 
phthalocyanine, it was oxidised to an unsaturated ketone. This was hydrogenated to 9- 
methyl-3-decalone, but its semicarbazone differed from that of the 9-methyl-A*:1°-octalone 
of duFeu, McQuillin, and Robinson (loc. cit.). The new ketone therefore has the double 
bond in the A!-position (XII). Oxidation of the olefin with selenium dioxide in acetic 
anhydride gave an unsaturated acetate, which was converted, through the corresponding 
alcohol, into the same ketone (XII). 

The remarkable fact emerges that all these oxidations involve an attack at C,, the double 
bond appearing in the A!-position, in spite of the fact that the olefin contains a large amount 
of the A*-isomeride. 


(XI.) CO) ee (XIL.) 
bits a one aed 


There are two possible explanations: (i) The A?-olefin does not react with these reagents 
under the conditions of our experiments, because the a-carbon atoms are shielded in 
comparison with the 6-carbon atom of the A!-isomeride. (ii) The reagent attacks C, 
in both the A}- and the A?-olefin, and the reaction with the A?-isomeride is accompanied 
or followed by a migration of the double bond. 

The yields obtained in the various oxidations are tabulated below: 


Lead 
Reagent. KMnO,. Ozone. tetra-acetate. SeQ,. O;. 
% Yield of product derived from oe 12 46 17 17 
” ” ” ” A?-ole: 40 0 0 0 


It will be seen that there is no actual overlapping of the yields. Hence the first explanation 
given above is able to account for the facts. Moreover, if the A?-olefin were attacked at 
an unsaturated carbon atom, it is not easy to see why products corresponding to oxidation 
at C, should not be isolated. Some of the known facts concerning oxidations by selenium 
dioxide are also against the second explanation. Although attack at an unsaturated 
atom, followed by migration, could account for many of the oxidations reported in the 
literature, it could not account for all. We are therefore disposed to take the facts at 
their face value and to conclude that the olefin is a mixture of approximately equal portions 
of the two forms, and that the oxidations, both those which do and those which do not lead 
to fission of the ring, always proceed most readily with attack in the 6-position. Whatever 
may be the mechanism of the observed oxidation, the absence of attack by lead tetra- 
acetate on the a-carbons of A*-cis-9-methyloctalin remains puzzling. It is shown later 
in this paper that ¢vans-A*-octalin readily yields trans-A?-1-octalol (XV) and thence, by 
reduction and oxidation, trans-«-decalone by an analogous series of changes. The con- 
figuration of the ring system may have some influence. 
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Conversion of the 2- into the 1-Ketone.—cis-8-Methyl-2-hydrindanone was reduced to 
the corresponding alcohol by the Verley—Ponndorf method. This was dehydrated to 8- 
methylhexahydroindene, which had the double bond in the A!-position (XIII), from the 
fact that it yielded 1-methylcyclohexane-1-carboxylic-2-acetic acid on oxidation. Oxidation 
of the olefin with hydrogen peroxide in acetic acid gave the diacetate of 1 : 2-dihydroxy-8- 
methylhydrindane (XIV), the free diol being obtained on hydrolysis. When the diol was 
heated with potassium hydrogen sulphate at 200°, it yielded 8-methyl-l-hydrindanone. The 
last stage in this series of reactions is analogous to the conversion of oestriol into oestrone 
by Butenandt and Hildebrandt (Z. physiol. Chem., 1931, 199, 243). 


A \ OH : co 
b é \oH 4 ) 
a Sables é 


We have also examined the action of lead tetra-acetate on trans-A*-octalin. The 
reaction followed a course parallel to that observed by Criegee in the case of cyclohexene 
(Annalen, 1930, 481, 263). The main product was trans-A*-1l-octalyl acetate and the high- 
boiling fraction contained the diacetate of trans-decalin-2 : 3-diol. Hydrolysis of the octalyl 
acetate yielded trans-A*-l-octalol (XV). The position of the alcohol group in this was 
proved by its reduction to trans-«-decalol, which was oxidised to trans-«-decalone, identified 
as the semicarbazone. trans-A?-1-Octalol was dehydrated by means of potassium hydrogen 
sulphate to a hexahydronaphthalene, presumably with the double bonds 2: 3- and 1: 9- 
(XVI). This was catalytically hydrogenated to a mixture of cis- and trans-decalins, and 
formed an addition compound with maleic anhydride. When it was warmed to 160° with 
palladised charcoal, it underwent disproportionation to tetralin and a mixture of the 
two stereoisomeric decalins (cf. Linstead, Millidge, Thomas, and Walpole, J., 1937, 1146). 


OH 


OM =-O- © 


(XV.) (XVI.) 


The diene (XVI) appears to be much less readily disproportioned than is cyclohexadiene 
(Béeseken, Rec. Trav. chim., 1918, 37, 255). 


EXPERIMENTAL. 


35 G. of 1-methyl-2-A’-butenylcyclohexanol (VIII), b. p. 108—110°/19 mm. (Hibbit and 
Linstead, loc. cit.), were treated slowly with 160 c.c. of a reagent containing 10 vols. of glacial 
acetic acid, 1-5 vols. of acetic anhydride, and 1 vol. of concentrated sulphuric acid. (The 
alcohol imparts a purple colour to the reagent, even when only a trace is present.) After 4 days 
at room temperature the dark brown liquid was poured into water, extracted with ether, and 
freed from acids by washing with alkali. The residue from the removal of the ether was 
hydrolysed with 50 c.c. of 20% methyl-alcoholic potash, and the methyldecalol isolated by 
means of ether. Distillation yielded 3-5 g. of olefin, b. p. 82—88°/19 mm., followed by 18 g. 
(51%) of 9-methyl-2-decalol as an epimeric mixture, b. p. 135—138°/19 mm. Unlike the 
methyldecalol made from the isomeric alcohol (III), this failed to solidify. It was accordingly 
oxidised by means of chromic acid in acetic acid, to cis-9-methyl-3-decalone. Yield, 11 g.; 
b. p. 130—132°/20 mm. The semicarbazone melted at 209° after crystallisation from methanol, 
and the m. p. was not depressed by admixture with authentic material (m. p. 211°; Linstead, 
Millidge, and Walpole, loc. cit.). 

The original preparative method (Linstead, Millidge, and Walpole, loc. cit.) is more con- 
venient than that given above because 2-methyl-1-A’-butenylcyclohexanol (III) is more easily 
made than its isomeride. A number of experiments were made with the object of improving 
the yield of solid dicyclic alcohol. The results are in the table. 
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Preparation of cis-9-Methyl-2-decalol from 2-Methyl-1-A’-butenylcyclohexanol (III). 


Composition of reagent. Vols. of re- % Yield of 
Vols. Vols. Vols. agent to 1 Time hydro- 
HOAc. Ac,O. H,SO,. vol. of (III). Temp. (days). alcohol. carbon. 
1-5 Room 53 
1 ss 50—55 
0° 50 
44 
49 
15 
0 
It will be seen that little change is caused by a fairly wide variation in conditions, provided 
that a large excess of acetic acid is present. The products of the first experiment were 9-methyl- 
octalin, b. p. 88—90°/20 mm., and cis-9-methyl-2-decalol, b. p. 138—140°/20 mm., which gave 
a 35% yield of the pure solid form, m. p. 72°. The product of the last experiment was mainly 
uncyclised diene. For the preparation of 9-methyloctalin solid 9-methyl-2-decalol was de- 
hydrated with an equal weight of potassium hydrogen sulphate. The product was redistilled 
over sodium. Yield, 80—90%; b. p. 74—76°/10 mm. 

Oxidations.—(i) Permanganate. To a mixture of 6-0 g. of the olefin, 4-2 g. of anhydrous 
sodium carbonate, and 40 c.c. of water stirred at 0°, 100 c.c. of 0-5% potassium permanganate 
solution were added during 2 hours, followed by 250 c.c. of 1% permanganate solution during 
5 hours, and finally by 800 c.c. of 2%, permanganate solution during 24 hours. From the product 
2-0 g. of unchanged hydrocarbon were isolated. This was reoxidised with 600 c.c. of 1% per- 
manganate solution. The united material was filtered, evaporated to small bulk, acidified, and 
extracted with ether, first by hand, then in a continuous extractor. The hand extractions yielded 
4-3 g. of solid acid, which on crystallisation from dilute acetic acid gave pure cis-1-methylcyclo- 
hexane-] : 2-diacetic acid, m. p. 190°. The continuous extractions gave a pasty mass (1-3 g.), 
from which only oxalic acid could be isolated. 

The united acidic product was distilled with 0-3 g. of baryta up to 320°. The ketone formed 
was redistilled (b. p. 95—100°/10 mm., 1-0 g.) and converted into semicarbazone. 1-3 G. of 
this were formed in the cold, which after one crystallisation had m. p. 219° alone or in admixture 
with the authentic semicarbazone of 8-methyl-2-hydrindanone, m. p. 220° (Linstead, Millidge, 
and Walpole, Joc. cit.). No further semicarbazone was formed on warming the filtrate. 

(ii) Ozonolysis. (a) A solution of 12-3 g. of the olefin in 10 vols. of purified ethyl acetate was 
ozonised at — 73° to — 76°. When the issuing gas contained ozone, the solvent was removed, 
and the ozonide boiled with 4 vols. of water for 2 hours. The cooled product was treated with 
the theoretical amount of concentrated aqueous sodium hydroxide, followed by Merck’s per- 
hydrol (1-5 vols.). The mixture was warmed on the steam-bath until evolution of oxygen had 
ceased and freed from neutral material by means of ether. The alkaline solution was acidified 
and extracted with ether, and the extract dried and evaporated. The acid (10-5 g. of semi- 
solid) was distilled to 320° with 0-5 g. of baryta. The product was washed with alkali and 
dried. 3-0 G. of ketone were obtained, b. p. 94—100°/10 mm. This was dissolved in a little 
methanol and treated with a solution of 2-7 g. of semicarbazide hydrochloride and 3-0 g. of 
sodium acetate in water. 1-5 G. of cis-8-methyl-2-hydrindanone semicarbazone were formed 
in the cold, m. p. 210—212° (crude), 218—219° after crystallisation from methanol. When 
the filtrate was boiled for a few minutes, 0-79 g. of a semicarbazone separated. This melted 
at 210—212° (crude) and at 223—224° after two crystallisations from methanol, and was 
identified as the derivative of cis-8-methyl-l-hydrindanone by a mixed m. p. determination with 
authentic material, m. p. 224° (Elliott and Linstead, Joc. cit.). 

(b) 5-0 G. of 9-methyloctalin, formed as a by-product in the preparation of cis-9-methyl-2- 
decalol, were ozonised at 0° in 50 c.c. of chloroform. The product, treated in exactly the same 
way as under (a} above, yielded 900 mg. of ketone, b. p. 988—101°/15 mm. The properties of 
the semicarbazones formed by this material are tabulated below : 

Mixed m. p. 
With 2- With 1- 
M. P M. p. (after | semicarbazone semicarbazone 
(crude). crystallisation). (m. p. 220°). (m. p. 224°). 
2-Semicarbazone, formed in the cold ... 212—214° 218° 218—220° 198—205° 
1-Semicarbazone, formed in the hot 214—215 224 below 200 224 


(c) Another sample (8-6 g.) of the same olefin was ozonised as before to yield 9-0 g. of a 
mixture of acids. This was refluxed with 200 c.c. of 5% (vol.) methanolic sulphuric acid for 2 
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hours. The product was separated into neutral and acid fractions by means of sodium carbon- 
ate. Hydrolysis of the neutral product gave 5-0 g. of solid acid, yielding cis-1-methyleyclo- 
hexane-1 : 2-diacetic acid (IV), m. p. 190°, on crystallisation. The acidic fraction after hydro- 
lysis gave the carboxy-propionic acid (X) as a hard glass (1-4 g.) [see footnote to p. 721). 
When this was distilled with baryta, it gave 0-6 g. of cis-8-methyl-1-hydrindanone, b. p. 103— 
105°/15 mm. The semicarbazone, formed in the hot, was identified by m. p. (223°) and mixed 
m. p. 

(iii) Lead tetva-acetate. (a) 18-6 G. of cis-9-methyloctalin (prepared by dehydration of 
9-methyl-2-decalol) were stirred for 1} hours at 70° with 70 g. of lead tetra-acetate and 85 c.c. 
of acetic acid. The product was cooled, poured into ice-water, and extracted with ether. 
The extract was washed with ice-cold alkali, dried, and freed from solvent. Distillation yielded 
13-7 g. of recovered hydrocarbon (b. p. 78°/12 mm.) and 3-0 g. of octalyl acetate. Reoxidation 
of the recovered hydrocarbon raised the yield of acetate to 7-0 g. (27%). Hydrolysis of the 
total acetate with 12 c.c. of 20% methyl-alcoholic potash gave 5-4 g. of cis-9-methyl-A}-3-octalol 
(XI) as a viscous liquid, b. p. 125—130°/12 mm., n}* 1-5137, djf* 1-0102, [Rz)p 49-69 (Calc. 
for C,,H,,O |T, 49-65) (Found: C, 79-4; H, 10-6. C,,H,,O requires C, 79-4; H, 10-9%). 

The methyloctalol was catalytically hydrogenated in alcohol over Adams’s catalyst, 96% 
of the theoretical quantity of hydrogen being taken up. cis-9-Methyl-3-decalol was a viscous 
liquid, b. p. 130—132°/12 mm., ni3* 1-5041, di? 0-9993, [Rz,]p 49-87 (Calc., 50-12) (Found : 
C, 78-6; H, 10-7. C,,H,,O requires C, 78-6; H, 11-75%). The alcohol (4-9 g.) was oxidised 
in the usual way with 2-5 g. of chromic acid in 50c.c. of acetic acid. The product was poured 
into water, extracted by means of light petroleum, and washed with alkali. Distillation yielded 
3-4 g. of cis-9-methyl-3-decalone, b. p. 118—120°/12 mm. The semicarbazone melted at 193° 
after one crystallisation from ethanol. The mixed m. p.’s with the three authentic cis-9-methyl- 
decalone semicarbazones were : 

With cis-9-methyl-1-decalone semicarbazone (m. p. 224°): below 180°. 

With cis-9-methyl-2-decalone semicarbazone (m. p. 210°): 183—185°. 

With cis-9-methyl-3-decalone semicarbazone (m. p. 200°): 194—199°. 

The semicarbazone was hydrolysed back to the ketone without further purification. The 
ketone solidified after distillation and melted at 47°, alone or in admixture with authentic cis- 
9-methyl-3-decalone (duFeu, McQuillin, and Robinson, Joc. cit.). 

In another series of oxidations the product was reoxidised with lead tetra-acetate twice, 
with the results shown below : 


Initial hydrocarbon, g. Acetate obtained, gz. Hydrocarbon recovered, g. 
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The total yield of acetate was 46%. The acetates formed in the first and in the subsequent 
oxidations were worked up separately by the process described above. Both gave cis-9-methyl- 
3-decalone (m. p. 47°) as the final product. 

A certain amount of liquid ketone was obtained after the separation of the solid 9-methyl- 
3-decalone from these products. This was examined carefully to see if any of the 1-ketone or 
the so far unknown 4-ketone could be obtained from it. It yielded an impure semicarbazone, 
the m. p. of which was raised by admixture with the derivative of the 3-ketone. No second 
isomeride could be isolated. The regenerated ketone yielded cis-1-methylcyclohexane-1 : 2- 
diacetic acid on oxidation with nitric acid in the usual manner. 

(iv) Catalytic oxidation (cf. Cook, loc. cit.). 20 G. of methyloctalin were heated at 70° with 
40 mg. of ferrous phthalocyanine (Barrett, Dent, and Linstead, J., 1936, 1735) and a slow stream 
of oxygen was passed for 5 days. The pigment turned brown in the course of a few hours. The 
viscous product was taken up in ether and washed with sodium bicarbonate and acid ferrous 
sulphate solutions. It was dried and distilled, giving 5-0 g. of recovered hydrocarbon and 5-5 g. 
of liquid, b. p. 128—138°/16 mm. The high fraction gave an oily semicarbazone which solidified 
when rubbed with light petroleum. The yield of solid was 4-0 g. After crystallisation from 
methanol, the semicarbazone of cis-9-methyl-A'-3-octalone (XII) was obtained in prisms, m. p. 
202—203° (Found : C, 64-9; H, 8-6. C,,H,,ON, requires C, 65-1; H, 8-7%). The m. p. was 
depressed by admixture with the semicarbazone of the isomeric A*‘!®-ketone (duFeu, 
McQuillin, and Robinson, loc. cit.). The regenerated ketone boiled at 130°/16 mm. Catalytic 
hydrogenation in alcohol over palladised asbestos gave 2-5 g. of cis-9-methyl-3-decalone, 
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b. p. 124°/15 mm., m. p. 47°; semicarbazone, m. p. 200—201°. These m. p.’s were not 
depressed by admixture with the corresponding authentic materials. 

(v) Selenium dioxide. 10 G. of the hydrocarbon, 10 c.c. of acetic anhydride, and 4 g. of 
selenium dioxide were heated at 60° for 5 hours and then at 100° for 3 hours. The anhydride 
was removed under reduced pressure, and the residue fractionated. 5-6 G. of hydrocarbon were 
recovered, and a second fraction, b. p. 110—115°/13 mm., obtained (2-0 g., 17%). This was 
hydrolysed with 8 c.c. of 20% alcoholic potash for 2 hours, and yielded 0-9 g. of an alcohol, 
b. p. 120—130°/16 mm. This was cautiously oxidised with 0-4 g. of chromic acid, and the 
ketonic product converted into semicarbazone. Yield, 0-6 g.; m. p. 203—204°. The semi- 
carbazone was identified as that of cis-9-methyl-A!-3-octalone by a mixed m. p. determination. 

Conversion of 8-Methyl-2-hydrindanone into 8-Methyl-1-hydrindanone.—9-0 G. of cis-8-methyl- 
2-hydrindanone, m. p. 40° (Linstead, Millidge, and Walpole, loc. cit.), were added to 40 c.c. of 
a 3n-solution of aluminium isopropoxide in isopropyl alcohol. The solvent was slowly distilled 
through a good column, the loss being replaced by fresh isopropyl alcohol. After 50 c.c. of dis- 
tillate had been collected (6 hours), tests with 2: 4-dinitrophenylhydrazine showed that no 
more acetone was being given off. The residue, decomposed by acid, yielded 7-3 g. (87%) of 
cis-8-methyl-2-hydrindanol (presumably an epimeric mixture) as an oil, b. p. 120—122°/21 mm., 
ni® 1-4923, di® 0-9865, [Rz]p 45°37 (calc., 45-51) (Found: C, 77-5; H, 11-5. C,9H,,O requires 
C, 77-9; H, 11-75%). The alcohol (7-0 g.) was dehydrated in the usual way with an equal 
weight of powdered potassium hydrogen sulphate. After two distillations, the second over 
potassium, the cis-8-methylhexahydroindene (XIII) boiled at 61—62°/19 mm., mi?* 1-4742, 
di?®* 0-8820; [Rz]p 43-35 (calc. for CygH,,, |7, 43-46). Yield, 3-7 g. 

The olefin resisted the action of ozone in ethyl acetate, but oxidation by 3% aqueous per- 
manganate yielded cis-l-methylcyclohexane-1l-carboxylic-2-acetic acid, m. p. 162° alone and 
163° in admixture with authentic material, m. p. 164° (Linstead and Millidge, J., 1936, 478). 

A mixture of 2-8 g. of 8-methylhexahydroindene, 40 c.c. of glacial acetic acid, and 10 c.c. 
of Merck’s perhydrol was kept at room temperature for4days. The product was isolated by 
means of ether and hydrolysed with 20% methyl-alcoholic potash. The neutral product, again 
isolated with ether, distilled at 170—172°/18 mm. (1-7 g.).  cis-8-Methylhydrindan-1 : 2-diol 
(XIV), so obtained, set to a glass (Found: C, 70-6; H, 10:8. C, 9H,,0, requires C, 70-6; H, 
10-6%). 1-2 G. of the diol were heated to 200° with an equal weight of powdered potassium 
hydrogen sulphate. The product was cooled, and distilled in steam after the addition of dilute 
alkali solution. From the distillate, ether extracted a camphoraceous oil, b. p. 103—105°/19 
mm. (0-4 g.). This yielded a semicarbazone when warmed with semicarbazide acetate. The 
derivative melted at 220—221° after two crystallisations from methanol, at 222—223° in 
admixture with the semicarbazone of 8-methyl-1-hydrindanone, and at about 200° in admixture 
with that of 8-methyl-2-hydrindanone. 

Action of Lead Tetra-acetate on trans-A?-Octalin.—The A?®-octalin was obtained by dehydration 
of trans-2-decalol (m. p. 75°) with potassium hydrogen sulphate. It had b. p. 186—188°/756 
mm., n°" 1-4890, di¥* 0-9007, [Rz]p 43-58 (cf. Hiickel and Friedrich, Annalen, 1927, 451, 147). 

40 G. of tvans-A*-octalin, 160 g. of lead tetra-acetate, and 200 c.c. of glacial acetic acid were 
stirred together for 3 hours at 70°. The mixture was worked up as described above for the 
analogous oxidation of 9-methyloctalin. The product gave 13-4 g. (34%) of unchanged hydro- 
carbon and 12-6 g. (22%) of trans-A?-octalyl acetate, b. p. 131°/12 mm., ni®* 1-4860, die* 
10162, [Rz]p 54-84 (calc., 54-42) (Found: C, 74-4; H, 91. (C,,H,,O, requires C, 74-4; H, 
93%). There was also a high fraction of indefinite b. p., containing the 2: 3-diacetate 
(16 g.). 

Hydrolysis of the octalyl acetate with a small excess of alcoholic potash yielded trans- 
A?-l-octalol (XV) as a viscous liquid, b. p. 133—134°/16 mm., ni** 1-5854, dif* 1-0038, [Rz]p 
45-19 (calc. for CygH,,O |T, 44-93) (Found: C, 78-7; H, 10-5. C,H,,O requires C, 78-9; 
H, 10-6%). Hydrolysis of the high fraction yielded a neutral liquid which deposited 1 g. of 
solid. This crystallised from alcohol in small plates of trans-decalin-2 : 3-diol, m. p. 140° 
(Found: C, 69-8; H, 10-6. C, 9H,,O0, requires C, 70-0; H, 10-6%). 

When reduced in aleoholic solution over Adams’s catalyst, trans-A?-1-octalol (6-0 g.) took 
up 93% of the theoretical amount of hydrogen and gave trans-a-decalol in nearly theoretical 
amount as a viscous oil, b. p. 112—115°/10 mm. This was oxidised with chromic and acetic 
acids to a-decalone (4-8 g.), b. p. 102—104°/11 mm. This was solid in ice but liquefied at room 
temperature and was not quite pure tvans-a-decalone (m. p. 33°). However, it readily gave 
the semicarbazone of this ketone, m. p. and mixed m. p. 229° (compare Hiickel and Brinkmann, 
Annalen, 1925, 441, 21). 
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trans-A?-1-Octalol (9-5 g.) was dehydrated with potassium hydrogen sulphate, giving 5-0 g. 
(60%) of a hexahydronaphthalene (XVI). This diene, after distillation over sodium, had b. p. 
82°/17 mm., ni? 1-5185, di? 0-9369, [Rz]p 43-32 (calc. for C,,H,, |3, 43-06) (Found: C, 
88-9; H, 10-35. Cy, H,, requires C, 89-5; H, 10-65%). A diene with almost identical physical 
properties was obtained by dehydrating the unsaturated alcohol with alcoholic hydrogen 
chloride. 

Over Adams’s catalyst 0-557 g. of the diene in 10 c.c. of alcohol took up 186 c.c. of hydrogen 
(N.T.P.), corresponding to the saturation of two double bonds. The decalin so obtained, after 
distillation over sodium, had n?*™ 1-4819, d?™ 0-8890, and was therefore mainly the cis- 
isomeride, as expected. 

2-7 G. of the diene were heated with 0-2 g. of 30% palladised charcoal for 24 hours at 160°. 
The product was filtered, and shaken with 1-9 c.c. of 100% sulphuric acid for 2 hours at 100°. 
10 C.c. of saturated brine were then added, which precipitated 3-0 g. of sodium tetralin-- 
sulphonate. This was identified by conversion into the B-sulphonanilide. Yield, 1-6 g.; m. p. 
151—1562° (cf. Linstead, Millidge, Thomas, and Walpole, Joc. cit.). From control experiments 
3-0 g. of the sodium salt correspond with ca. 1-9 g. of tetralin. The saturated hydrocarbon, 
unattacked by sulphuric acid, was distilled over potassium (0-7 g.). It had 3” 1-4788, d?™ 
0-8853 and was therefore a mixture of cis- and tvans-decalins. From the relative quantities of 
tetralin and decalin obtained, a little direct loss of hydrogen had occurred, which is not surprising 
at the comparatively high temperature. The diene, unlike cyclohexadiene, was unaffected by 
the same catalyst at room temperature. 

When the diene was heated with maleic anhydride in benzene at 100°, it yielded a glass, 
which was converted into a white powder by the addition of ether. Addition of light petroleum 
to an acetone solution precipitated the adduct as an amorphous solid, m. p. 275° (decomp.). 
The adduct was soluble in alkali and reprecipitated by acid. 


We thank the Chemical Society for a grant. We are indebted to Professor I. M. Heilbron, 
D.S.O., F.R.S., for providing facilities which enabled one of us (V. C. E. B.) to complete this 
work and that described in the following paper. 
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135. Fused Carbon Rings. Part XIX. Experiments on the 
Synthesis of Tetracyclic Compounds of the Sexual Hormone Type. 


By V. C. E. Burnop, G. H. Extiott, and R. P. LINsTEAD. 


The experiments were directed towards the synthesis of equilenin and similar 
compounds. The preparation of the key-intermediate, 1-keto-7-methoxy-2-methyl- 
1:2:3:4tetrahydrophenanthrene, has been improved. Its condensation with 
A®-pentenylmagnesium bromide, followed by permanganate oxidation and cyclisation 
with phosphoric oxide, yielded a tetracyclic ketone, probably the ketomethoxymethyl- 
hexahydrochrysene (VIII), from which a number of derivatives were prepared. The 
preparation and cyclisation of 2-methyl-1-A’-butenyl-3 : 4-dihydrophenanthrene has 
been further studied. This diene is conveniently obtained pure by regeneration from 
its trinitrobenzene compound. It yields 2-methyl-1-butylphenanthrene by rearrange- 
ment over palladium. It is best cyclised to 16-methylhexahydrochrysene by 
phosphoric oxide at 140°. The tetracyclic hydrocarbon so obtained resists degradation 
of ring D. 


THE methods for the conversion of 2-methylcyclohexanone into 8-methyl-l-hydrindanone 
(Elliott and Linstead, J., 1938, 660; Burnop and Linstead, preceding paper) have been 
applied to the analogous synthesis of equilenin (I) from 1-keto-7-methoxy-2-methyl- 
1:2:3:4-tetrahydrophenanthrene (II). Although we have been able to prepare tetra- 
cyclic material, the main objective has not yet been realised. We are led to present this 
incomplete account of our experiments by the appearance of a preliminary report by 
Bachmann, Cole, and Wilds describing an elegant synthesis of equilenin (J. Amer. Chem. 
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Soc., 1939, 61, 974),* and because the collaboration of the present authors has come 
to an end. 
co 
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The tricyclic ketone (II) has been prepared essentially by Haberland and Blanke’s 
method (Ber., 1937, 70, 169), which has been improved in several respects. The overall 
yield of the ketone in the 12-stage synthesis from sodium tetralin-8-sulphonate is 10%. 
The dehydrogenation of «-methyl-y-(6-methoxy-1-tetralyl)butyric acid (III) to the corre- 
sponding naphthalene derivative (IV) was conveniently effected by palladium. The 
cyclisation of (IV) by means of phosphoric oxide in benzene gave an excellent yield of the 
tricyclic ketone (II) without side reaction. For some experiments on the formation of the 
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fourth ring, we have used the corresponding unmethoxylated 1-keto-2-methyl-1 : 2 : 3: 4- 
tetrahydrophenanthrene of Cohen, Cook, and Hewett (J., 1935, 1633), which is more 
accessible. 

Before applying the ‘‘ pentenyl’’ method of Elliott and Linstead (loc. cit.) to a tricyclic 
ketone, the reaction between A*-n-pentenylmagnesium bromide and 6-methoxy-1-tetralone 
was studied in order to determine whether the conjugation of the carbonyl group with an 
aromatic ring had any deleterious effect on the process. The condensation readily yielded 
6-methoxy-1-A*-pentenyl-1-tetralol (V). The alcohol was oxidised with potassium perman- 
ganate, and the product dehydrated with oxalic acid and freed from lactone. In this way 
a solid acid, mainly y-6-methoxy-3 : 4-dihydro-l-naphthylbutyric acid (VI), was obtained. 


CH,-CH,-CH:CH, 


This acid has been prepared by a different method by Robinson and Walker (J., 1937, 60). 
Our product resembled theirs and had an unsharp melting point. 

The Grignard reagent prepared from A*-pentenyl bromide reacted readily with the 
tricyclic ketone (II). The alcoholic product was oxidised with permanganate and the acid 
so formed (VII) was cyclised by means of phosphoric oxide in boiling benzene.t The 
crystalline tetracyclic ketone, CopH 90g, isolated from the product readily absorbed hydrogen 
over Adams’s catalyst. Ifthe hydrogenation were stopped when 1 mol. had been taken up, 
the product was a saturated ketone, Cz5H,,O,. If it were allowed to go to completion, 
rather more than 2 mols. of hydrogen were absorbed and a saturated alcohol was formed. 


* Since this paper was written, a full report by these authors has appeared (J. Amer. Chem. Soc., 
1940, 62, 824). 

+ A method which Mr. R. S. Hughes of this College has found very satisfactory for cyclisations of 
this type, for example, of y-(2-methyl-A!-cyclohexenyl) butyric acid to 9-methyl-1l-octalone. 
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This was isolated as the crystalline trinitrobenzene addition compound. These substances 
are probably the methoxymethylhexahydrochrysene derivatives shown below : 


(X.) 
aaa AY 
W/\G AS 


These structures are favoured by analogy with the formation of 9-methyloctalone by a 
similar cyclisation; and because Cohen, Cook, and Hewett (J., 1935, 1633) have shown 
that 2-methyl-1-butenyldihydrophenanthrene can be cyclised to a hydrochrysene derivative 
of similar skeleton. Additional evidence on this point is given later in the present paper. 
The possibility cannot be quite excluded that the products contain a seven-membered ring 
formed by cyclisation on to the peri-carbon atom, asterisked in formula (VII) (cf. Kon and 
Soper, J., 1939, 790; Fieser and Peters, ]. Amer. Chem. Soc., 1932, 54,4347). We have not 
yet obtained any evidence capable of settling this point. Experiments on the oxidation of 
the tetracyclic compounds to dibasic acids by the methods successful in the dicyclic series 
have been fruitless. 

The next series of experiments was concerned with the cyclisation of 2-methyl-1-A’- 
butenyldihydrophenanthrene (XI), already studied by Cohen, Cook, and Hewett (loc. cit.), 
who were unable to isolate any homogeneous compounds from the product but established 
the closure of the fourth ring by dehydrogenation to chrysene. We were encouraged to 
reopen this subject by the results of our reinvestigation of the dehydration of 9-methyl-2- 
decalol (preceding paper). As observed by the previous investigators the diene (XI) is 
not easily obtained pure. The product from the Grignard reaction was best dehydrated 
by silica gel at 200°, and the diene purified by chromatographic adsorption and through the 
s-trinitrobenzene addition compound. The latter is phototropic, separating in a bright 
vermilion form which, on exposure to light, changes to an orange-brown. The pure diene 
(XI) was conveniently regenerated (from the red derivative) by treatment with petrol and 
filtration through alumina (cf. St. Pfau and Plattner, Helv. Chim. Acta, 1937, 20, 224). 
The structure of the diene was shown by the fact that it readily absorbed 2 mols. of hydrogen 
over Adams’s catalyst, and that it was quantitatively isomerised over palladised charcoal 
at 260° to 2-methyl-1-n-butylphenanthrene (XII). e phenanthrene derivative differed 
from the isomeric diene in being a well-crystallised solid and in giving a very stable picrate 
and trinitrobenzene compound. Similar isomerisations of allyl compounds have been 
observed by Cohen, Cook, and Hewett (loc. cit.) and by Bachmann and Wilds (J. Amer. 
Chem. Soc., 1938, 60, 624). 

Treatment of 2-methyl-l-A’-butenyldihydrophenanthrene (XI) with the acetic- 
sulphuric acid reagent of Linstead, Millidge, and Walpole (J., 1937, 1140) gave no useful 
results. No tetracyclic acetate was isolated and the recovery of hydrocarbon was poor, 
owing to oxidation and, probably, sulphonation. The use of phosphoric acid in place of 
sulphuric acid was examined. This was first shown to be successful in converting 2-methyl- 
1-A’-butenyleyclohexanol into cis-9-methyl-2-decalol. The dicyclic alcohol was obtained 
in rather lower yield than that given by sulphuric acid, but the purity was satisfactory. A 
temperature of 85° was necessary. When the tricyclic diene (XI) was treated in the same 
way, the greater part was recovered unchanged but a small amount of tetracyclic material 
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was formed. This was 16-methylhexahydrochrysene (XIII) and not an acetate. It 
yielded a yellow trinitrobenzene compound, m. p. 123°. When the diene was heated to 
140° with phosphoric oxide, the yield of this tetracyclic hydrocarbon was greater and a 
little methylbutylphenanthrene was formed by rearrangement. The tetracyclic hydro- 
carbon could be regenerated from the trinitrobenzene compound, m. p. 123°, by filtering a 
petroleum solution through an alumina column. It was shown to be a methylhexa- 
hydrochrysene by dehydrogenation with selenium, which yielded chrysene. The position 
of the double bond is unknown, but it is probably A?- (XIII). 


iV AA) gem nr) 


AG NV, \F 
Vax c (XI.) (XIII.) 
Trinitrobenzene 
compounds. Canary-yellow, m. p. 148°. Orange-red, m. p. 66°. Pale yellow, m. p. 123°. 


The next stage was to degrade ring D of the tetracyclic hydrocarbon to a five-membered 
ring containing the carbonyl group, following the methods successful in the dicyclic series. 
However, all attempts at oxidation failed to give definite products. 

In making these experiments on the synthesis of the hormone, we were aware of the 
stereochemical difficulty that the synthesis would be likely to lead to material with rings 
C and D (sterol lettering) locked in the cis-position, whereas the natural configuration is 
probably the reverse of this. Peak’s contention (Nature, 1937, 140, 280) that the C/D 
locking in the natural steroids is cis- appears unlikely. The evidence from the hydrogen- 
ation of ergosterol seems to us to have little weight when assessed against that brought 
forward by Wieland and his collaborators (see particularly Z. physiol. Chem., 1933, 216, 
91; cf. A. H. Cook and Linstead, J., 1934, 951). Peak suggests that the possibility of an 
inversion of configuration during the degradation of 12-ketocholanic and deoxycholic acids 
cannot be excluded. It seems to us that such an inversion is extremely unlikely in the case 
of deoxycholic acid and that, in the absence of fresh evidence (which would be most desir- 
able), the locking of C /D is still to be regarded as trans-. Bachmann’s synthesis of equilenin, 
although providing welcome direct evidence as to the location of the angular methyl group 
on C,,, does not appear to clarify the stereochemical problem. 


EXPERIMENTAL.* 


1. Preparation of 1-Keto--methoxy-2-methyl-1 : 2:3: 4-tetrahydrophenanthrene (I1).—For 
the early stages of this synthesis, Haberland refers to a dissertation by A. Goertz (Berlin 1924). 
This information being comparatively inaccessible, we describe our results in detail below. 

6-Methoxytetvalin. Schroeter’s method (Amnalen, 1922, 426, 119) was modified as follows. 
In a large iron pan fitted with a mechanical stirrer of wrought iron, a thermometer well and lid, 
900 g. of potassium hydroxide were heated to 200—210°. Sodium tetralin-6-sulphonate was 
then stirred in, 50 g. at atime. Each batch was fused before a fresh addition, and a little more 
alkali was added at intervals. The melt finally contained 600 g. of the sulphonate and 1200 g. 
of potassium hydroxide. The temperature, which had been raised to 240° to maintain the mass 
fluid, was finally raised to 280° and maintained for 24 hours. The melt was poured into iron 
trays and broken up while hot. The product was dissolved in 2 1. of water, cooled in ice, and 
acidified with 50% sulphuric acid. The ac-f-tetralol, isolated by means of ether, was dissolved 
in 1500 c.c. of 10% aqueous sodium hydroxide and methylated with 300 c.c. of methyl sulphate, 
added in drops with vigorous stirring. The product, isolated by means of ether, yielded 270 g. 
(65%) of 6-methoxytetralin, b. p. 134—138°/18 mm., and a little 2-methoxynaphthalene, 
m. p. 72°, as a higher-boiling fraction. 

6-Methoxy-1-tetralone. Chromic acid (140 g.) in water (60 c.c.) and acetic acid (400 c.c.) was 
added with stirring at 5—10° to 143 g. of 6-methoxytetralin dissolved in 800 c.c. of acetic acid. 
The addition lasted 5 hours and the mixture was left overnight. The acetic acid was removed, 


* We are greatly indebted to Mr. R. S. Hughes for his assistance in the preparation of the tricyclic 
ketones used in this work. 
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water added, and the product distilled in superheated steam (220°). Although this process was 
tedious—about 40 1. of water and 20 hours’ distillation were necessary—it was far preferable to 
direct extraction with petroleum for the isolation of the pure ketone. The steam distillate was 
extracted with ether, and the extract washed with aqueous potassium carbonate and dried. 
Distillation yielded 110 g. (70%) of 6-methoxy-1-tetralone as an oil, b. p. 162—164°/18 mm., 
which at once solidified and melted at 77-5° after crystallisation from benzene—petrol. 

Reformatsky veaction. A mixture of 6-methoxy-l-tetralone (108 g.), ethyl bromoacetate 
(125 g.), zinc wool (50 g.), and benzene (400 c.c.) was refluxed until reaction started; boiling was 
continued for 2 hours in all. The product, isolated in the usual way, gave 92 g. (76%) of the 
hydroxy-ester, b. p. 168—172°/1 mm. Dehydration of this with thionyl chloride and pyridine 
gave only a 55% yield of an impure unsaturated ester, and potassium hydrogen sulphate also was 
unsatisfactory. A mechanically stirred mixture of 92 g. of the hydroxy-ester, 300 c.c. of benzene, 
and 65 g. of phosphoric oxide was refluxed for 3 hours. The product was poured on ice, and the 
benzene solution washed with aqueous potassium carbonate and water and dried over calcium 
chloride. Distillation gave an almost theoretical yield of 6-methoxy-3 : 4-dihydro-1-naphthyl- 
acetic ester (85 g., b. p. 164—168°/1-5 mm.). 

6-(6-Methoxy-1-tetralyl)ethyl alcohol and bromide. The unsaturated ester was reduced by the 
Bouveault—Blanc procedure, following Haberland (loc. cit.). The saturated alcohol was obtained 
in 72% yield, b. p. 158—162°/1 mm., d% 1-085. A minor amount of hydrolysis (accompanied 
by reduction) occurred, to give 6-methoxytetralin-l-acetic acid (19%; m. p. 87°, in agreement 
with Haberland). The acid from several such reductions was esterified, and the saturated ester 
reduced to the same saturated alcohol. Haberland prepared the bromide by treating the 
alcohol with phosphorus tribromide in chloroform. Our optimum yield by this process was 58% 
and one batch polymerised completely to a jelly. A more certain method is the following : 
A solution of 48 g. of phosphorus tribromide in 75 c.c. of dry benzene was added in drops during 
6 hours to a stirred solution of 72 g. of the alcohol and 5 g. of dry pyridine in 200 c.c. of dry 
benzene. The product was poured on ice and washed with alkali and water. The yield of 
bromide from two such experiments was 155 g. (82%), b. p. 150—155°/0-7 mm., d?" 1-207. 

For the next three stages we found the following methods better than those used by 
Haberland and Blanke (loc. cit.). 100 G. of methylmalonic ester in 60 c.c. of xylene were added 
to 21 g. of “ molecular ”’ potassium in 60 c.c. of xylene. After the first vigorous reaction had 
moderated, the mixture was refluxed at 145° for a few minutes, cooled to 60°, and treated with 
165 g. of methoxytetralylethyl bromide in 60 c.c. of xylene. The mixture was boiled for 20 
hours (bath at 150°). The ester, isolated in the usual way, was freed from low-boiling products 
by distillation up to 130°/10 mm. The residue was hydrolysed by methanolic potassium 
hydroxide (400 c.c. of 20%), and the acid isolated by means of ether. 120 G. (68%) of 
a-carboxy-a-methyl~y-6-methoxy-1-tetralylbutyric acid were isolated, m. p. 132° after crystallis- 
ation from 75% acetic acid (Haberland and Blanke give m. p. 132—133°). The acid (9-8 g.) 
was decarboxylated by heating at 165°/40 mm. for 1 hour. 1 G. of 30% palladised asbestos 
was then added, and the mixture heated at 270—280°/40 mm. for 5hours. The dehydrogenated 
product was cooled, and the organic material extracted with acetone. The a-methyl-y-(6 
methoxy-l-naphthyl)butyric acid (IV) was freed from a little neutral gum and solidified 
immediately. Yield, 7-3g.(82%). It formed plates from 70% acetic acid, m. p. 87° (Haberland 
and Blanke, 89°) (Found: C, 74-8, 74-6; H, 6-9, 7-1. Calc. for C,,H,,0,: C, 744; H, 70%). 

Platinised charcoal also was used for this dehydrogenation. It gave a rather higher pro- 
portion of neutral material. The cyclisation of the acid was best effected by phosphoric oxide.* 
A solution of 52 g. of the dehydrogenated acid in 300 c.c. of dry benzene was freed from traces of 
water by concentration to 260c.c. 52 G. of phosphoric oxide were then added and the mixture 
was refluxed with mechanical stirring for 3 hours. The benzene solution was decanted; the 
residue was washed once with benzene and then warmed with water, and the solution extracted 
with ether. The residue from the ethereal extract was added to the benzene solution. This 
was freed from acid by extraction with 10% alkali solution, dried, and freed from solvent. 

1-Keto-7-methoxy-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (II) remained as a crystalline 
mass, m. p. 107° after crystallisation from light petroleum (b. p. 60—80°). Yield, 41 g. (86%). 

2. Preparation of 1-Keto-2-methyl-1 : 2: 3 : 4-tetrahydrophenanthrene.—This was carried out 
by Cohen, Cook, and Hewett’s modification (loc. cit.) of Haworth’s method (J., 1932, 1125), 
except that the final cyclisation was effected by the use of stannic chloride as follows: The 
y-1-naphthyl-«-methylbutyric acid obtained by decarboxylating 85 g. of the corresponding 


* The action of stannic chloride on the acid chloride was also fairly satisfactory. 
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malonic acid was dissolved in 300 c.c. of dry ether. After the addition of 24 g. of dry pyridine, 
42 g. of thionyl chloride were added during 1 hour with mechanical stirring and ice-cooling. 
The product was left overnight and filtered. The filtrate and washings were freed from ether 
and excess of reagents, and the residue was dissolved in 150 c.c. of carbon disulphide. The 
solution was added at —15° to a stirred mixture of 85 g. of stannic chloride and 150 c.c. of 
carbon disulphide. After 2 hours at —15°, the mixture was allowed to warm to room temper- 
ature, and was decomposed by hydrochloric acid (1: 1) with vigorous stirring. The product 
was washed with dilute acid and alkali, dried over potassium carbonate, and freed from solvent. 
The residue (62 g., 95% yield) solidified immediately. The ketone crystallised from light 
petroleum in large prisms, m. p. 75—76°, in agreement with Haworth. 

3. Condensation of A*-Pentenyl Bromide and 6-Methoxy-1-tetralone.—A solution of 6-methoxy- 
1-tetralone (51 g.) in ether (300 c.c.) and benzene (50 c.c.) was added in drops to the Grignard 
reagent prepared from 50 g. of A®-pentenyl bromide (Gaubert, Linstead, and Rydon, J., 1937, 
1971) and 8-4 g. of magnesium in ether (300 c.c.). The product was refluxed for an hour, decom- 
posed with aqueous ammonium chloride, washed with sodium thiosulphate solution, and dried. 
Distillation yielded 6-methoxy-1-A®-pentenyl-1-tetvalol as a viscous liquid (38 g.), b. p. 168— 
172°/1-5 mm. (Found: C, 78-1; H, 8-5. C,,H,,O, requires C, 78-0; H, 9-0%). The alcohol 
(37-5 g.), suspended in water (50 c.c.), was treated at 0° during 3 hours with 920 c.c. of 1-5% 
aqueous potassium permanganate containing 6 g. of sodium carbonate. 920 C.c. of 3% 
permanganate solution containing 12 g. of sodium carbonate were then added during 5 hours at 
room temperature. The colourless solution was filtered from manganese mud, evaporated to 
300 c.c., and freed from neutral material by means of ether. Acidification and further ether 
extraction then removed the acidic product, which was dried, freed from solvent, and distilled 
with 5 g. of anhydrous oxalic acid. The thick oil (b. p. 210—220°/2 mm.) was separated into a 
neutral (6 g.) and an acid (5 g.) fraction. The latter solidified rapidly. Crystallisation from 
75% acetic acid gave pale yellow crystals, m. p. 133—134° after softening at 127°. The acid in 
sodium bicarbonate solution immediately decolourised permanganate (Found: C, 73-1; H, 
6-6. Calc. for C,,H,,0,: C, 73:15; H, 7-°3%). Robinson and Walker (loc. cit.) describe +y-6- 
methoxy-3 : 4-dihydro-l-naphthylbutyric acid as softening from 123°, collapsing at 129—130° 
and clearing at ca. 146°. The low hydrogen figure for our acid may indicate a partial 
dehydrogenation. 

4. Formation of Tetracyclic Compounds from 1-Keto-7-methoxy-2-methyl-1 : 2: 3 : 4-tetvahydro- 
phenanthrene (II).—The Grignard compound prepared from 35 g. of A®-pentenyl bromide and 
6 g. of magnesium was treated with 36 g. of the ketone (II) dissolved in 600 c.c. of ether (in 
which it was sparingly soluble). The mixture was refluxed for an hour and kept overnight. 
An oil (42 g.) was recovered. From 10 g. of this, Girard’s reagent T removed only 0-5 g. of 
unreacted solid ketone. Hence the reaction had gone nearly to completion. Chromatographic 
analysis removed a little colour but led to no separation of solid products. Distillation as a 
method of purification was impossible owing to the certainty of the introduction of an undesired 
double bond. 30 G. of the crude product were accordingly dissolved in acetone (100 c.c.) 
stirred with 6 g. of anhydrous sodium carbonate, and oxidised with 20 g. of potassium per- 
manganate, dissolved in acetone and added during 2 days. The liquid was filtered, the mud 
washed with hot water, and the solution freed from acetone. Neutral material (17 g.) was 
removed with ether, and the aqueous solution acidified and extracted with ether. More acid 
was recovered by dissolving the manganese mud in sulphurous acid and extracting the solution 
with ether. The ethereal extracts were shaken with water, dried over sodium sulphate, and 
freed from solvent, finally under reduced pressure. The neutral material was reoxidised and a 
total yield of 25-5 g. of the acid (VII) was obtained as a partly crystalline gum. Owing to its 
probable instability, no attempt was made to purify it. 10-5 G. were dissolved in 50 c.c. of dry 
benzene, and 12 g. of phosphoric oxide added. The mixture was refluxed with vigorous stirring 
for 3 hours. The benzene solution was decanted, and the black residue decomposed with water 
and extracted with ether. Acidic material (2-1 g.) was removed from the united solutions by 
means of alkali and a semi-solid residue of neutral product (5-7 g.) was obtained. A second 
preparation from 17 g. of the acid yielded 9-5 g. of neutral material and 3 g. of unchanged acid. 
The united neutral product gave a deep red solution in hot acetone, which deposited a crystalline 
solid on standing in a refrigerator. After repeated crystallisation from acetone and alcohol, 
5-0 g. of the ketomethoxymethylhexahydrochrysene (VIII) were obtained, m. p. 185—187°. Most 
of the red colour associated with the crude material could be removed by charcoal, but the last 
traces were not removed by this or by chromatographic adsorption, and the material was 
analysed in the form of pale pink, flattened needles, m. p. 187° (Found: C, 82-4; H, 6-9. 
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Cy HO, requires C, 82-1; H, 685%). The ketone was soluble in acetone and benzene, less so 
in the simple alcohols. It gave a white semicarbazone, m. p. 260°. 

1-00 G. of the ketone was hydrogenated in 70 c.c. of glacial acetic acid over Adams’s catalyst 
(0-1 g.). The reaction was stopped when 77 c.c. of hydrogen (N.T.P.) had been absorbed. This 
corresponds to the saturation of one double bond. The solution was filtered, and the acetic 
acid removed,under reduced pressure. Crystallisation of the residue gave 0-6 g. of ketomethoxy- 
methyloctahydrochrysene (IX), m. p. 212—213° (Found: C, 81-7; H, 7-3. C, 9H,,O, requires C, 
81-6; H, 7:°56%). The semicarbazone melted at 245°. 

When the hydrogenation of the unsaturated ketone (600 mg.) was allowed to go to completion 
under the same conditions, 106 c.c. of hydrogen, corresponding to 2-3 mols., were taken up. 
The product was a gum. It formed no semicarbazone, but 100 mg. of it with 80 mg. of 
s-trinitrobenzene yielded 170 mg. of an orange-red addition compound. This formed needles 
from methanol, m. p. 155° (Found for a sample dried in a vacuum at 60°: C, 60-2, 60-2; H, 
6-0, 5-9. C,,H;,0O,N, requires C, 59-9, H, 58%). This corresponds to the trinitrobenzene 
compound of the saturated alcohol (X), containing a molecule of methanol of crystallisation. 

5. Formation of Tetvacyclic Compounds from 1-Keto-2-methyl-1 : 2: 3 : 4-tetrahydrophen- 
anthrene (cf. Cohen, Cook, and Hewett, Joc. cit,).—A solution of 34-0 g. of 1-keto-2-methy]l- 
1:2: 3: 4tetrahydrophenanthrene in 150 c.c. of ether was added slowly to an ice-cold Grignard 
solution prepared from 48 g. of A’-butenyl bromide and 10 g. of activated magnesium in 200 c.c. 
of ether. The mixture was boiled for an hour and decomposed with ammonium chloride 
solution. The dried product was distilled at 16 mm.; dehydration then occurred and the bulk 
boiled at 178°. After a further distillation 31-4 g. were obtained, b. p. about 172°/0-5 mm. 
This was unsaturated to bromine and permanganate, but gave a ketone reaction with 2: 4- 
dinitrophenylhydrazine. A solution of 16 g. in 50 c.c. of light petroleum was run through a 
column of Merck’s alumina. Two bands were produced which gave a blue fluorescence when 
irradiated with ultra-violet light. The bands were developed by elution with the same solvent. 
The large lower band was separated, and the alumina extracted with alcohol. The extract from 
two such adsorptions was diluted with 300 c.c. of benzene, washed with a large bulk of water, 
dried, and freed from solvent. Distillation then gave 22-2 g., b. p. 159—164°/0-3 mm. (A), 
together with 7-0 g. of a low fraction. Neither fraction contained ketone. Analysis of the main 
fraction indicated that it was composed of a mixture of the diene (XI) and some 20% of the 
corresponding tertiary alcohol (Found: C, 90-35; H, 8-1. Calc. for a mixture of 80% of Cy.H4» 
and 20% of C,,H,,0: C, 90-65; H, 8:1%). The extent of dehydration in these distillations was 
variable and in a later experiment we obtained a higher-boiling and more viscous product (B) 
which contained more of the alcohol (Found : C, 87-9, 87-6; H, 7-8, 7-9%). 

920 Mg. of fraction (A) on treatment with 850 mg. of trinitrobenzene in alcohol yielded 1-55 
g. of the trinitrobenzene addition product of 2-methyl-1-A’-butenyl-3 : 4-dihydrophenanthrene 
(XI). The compound formed needles, orange-yellow when viewed as single crystals by trans- 
mitted light under a microscope, but vermilion in mass; m. p. 65—66° (Found: C, 65-0; H, 
5-0. CipgHyo,C,HsO,N, requires C, 65-0; H, 50%). The dehydration of fraction (B) was 
completed by heating it at 180°/10 mm. with an equal weight of silica gel (first dehydrated at 
300°/0-2 mm.). The residue was distilled twice, the second time over 10% of fresh silica gel. 
This gave an 80% yield of hydrocarbon, b. p. 170°/0-8 mm., which gave an excellent yield of the 
trinitrobenzene compound described above. 

When the trinitrobenzene compound, m. p. 65—66°, was exposed to air and light, the m. p. 
fell to 60—62° in 2 days and rose to 80—85° after 8 days. The colour changed from vermilion 
to a dull brownish-yellow. This change does not apparently involve dissociation of the complex, 
as no liquid separates, or rearrangement to the isomeric derivative of methylbutylphenanthrene, 
for this melts at 147—148°. It will be examined further. 

The freshly prepared derivative is easily dissociated by light petroleum (b. p. 60—80°), 
which dissolves the hydrocarbon and leaves trinitrobenzene. The regeneration is conveniently 
completed by filtration through an alumina column; all the trinitrobenzene is then retained and 
the 2-methyl-1-A’-butenyl-3 : 4-dihydrophenanthrene (XI) can be washed through with light 
petroleum. It is a colourless oil, b. p. 162°/0-3 mm. (Found: C, 92-2; H, 7-9. CH. requires 
C, 91-9; H, 81%). The picrate, formed from the regenerated hydrocarbon, was obtained in 
small, dark red needles, m. p. 72—73° (Found: C, 62-9, 62:9; H, 4-6, 4-8. Calc. for 
C,,H5,C,H,O,N,: C, 62-9; H, 4-9%). Cohen, Cook, and Hewett (Joc. cit.) obtained a dark red 
picrate, m. p. 77—78°. 

On catalytic hydrogenation of the diene (Adams’s catalyst, acetic acid) hydrogen corre- 
sponding to the saturation of oné double bond was absorbed in } hour; the second 

30 
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double bond was saturated in 24 hours. The total hydrogen absorbed was 98-1% of the 
theoretical. 

1-52 G. of the regenerated diene were heated with 0-11 g. of 30% palladised charcoal at 260— 
265° for 2 hours and at 280—285° for l hour. The product, isolated by means of ether, readily 
solidified. 2-Methyl-1-n-butylphenanthrene (XII) crystallised from methanol in white plates, 
m. p. 73°, and was saturated to permanganate in moist acetone (Found: C, 92-1; H, 7-85. 
CisH yg, requires C, 91-9; H, 8-1%). The s-trinitrobenzene addition compound crystallised from 
alcohol in canary-yellow needles, m. p. 147—148°, and was stable to light petroleum (Found : 
C, 64-7, 64-9; H, 4:7, 4:7. CygHyo,CgH,O,N, requires C, 65-0; H, 5-0%). The picrate, which 
was much less soluble in alcohol than its butenyl isomeride, formed fine orange-yellow needles 
from that solvent, m. p. 128° (Found: C, 62-95, 63-0; H, 4-6, 4-6. C,H 9,CsH,O,N, requires 
C, 62-9; H, 4-9%). 

15 G. of the diene (XI) were treated at 0° with a mixture of 80 c.c. of glacial acetic acid, 
11-5 c.c. of acetic anhydride, and 8 c.c. of concentrated sulphuric acid. After 5 days at room 
temperature the product was poured into water, neutralised with alkali (which removed a 
considerable quantity of acidic tar) and extracted with benzene. The residue from the benzene 
was boiled with methanolic potash, and the neutral product extracted with benzene and distilled. 
There were isolated 3-1 g., b. p. ca. 152°/0-5 mm., and 0-9 g. of a high-boiling fraction, which 
yielded no solid products. 

Use of Phosphoric and Acetic Acids.—Various model experiments were carried out on 
2-methyl-1-A’-butenylcyclohexanol (Hibbit, Linstead, and Millidge, J., 1936, 470), of which the 
following is typical: 24 C.c. of syrupy phosphoric acid (containing 37-5 g. of orthophosphoric 
acid) were dehydrated at 235° for 1 hour. The product was cooled under a drying tube, diluted 
with 200 c.c. of glacial acetic acid, and added at 0° to 15 g. of the alcohol. The mixture was kept 
for 30 hours at room temperature and for 20 hours at 85°; it had then become almost homo- 
geneous. It was cooled, poured on ice, nearly neutralised with alkali, and extracted with ether. 
The extract on distillation yielded 5-5 g. (38%) of hydrocarbon, b. p. 76—81°/9 mm., and 8-0 g. 
(38%) of 9-methyldecalyl acetate, b. p. 125—131°/9 mm. Hydrolysis of the second fraction 
yielded 5-9 g. of cis-9-methyl-2-decalol, identical with that of Linstead, Millidge, and Walpole 
(loc. cit.), which was further identified by oxidation to the corresponding ketone (semicarbazone, 
m. p. 211°). Addition of acetic anhydride to the mixture failed to improve the yield of dicyclic 
acetate. 

A similar process was applied to the tricyclic diene (XI), 20 g. of which were treated with 
170 c.c. of acetic acid and 24 c.c. of phosphoric acid (first dehydrated at 235°). Reaction lasted 
for 48 hours on the steam-bath and 84 hours at room temperature. The product, isolated as 
described above, was hydrolysed without purification, and the neutral material fractionated. 
The fractions boiling between 158° and 182°/0-4 mm. (14-2 g.) all gave the trinitrobenzene 
addition compound of the uncyclised diene (m. p. 65—66°). The fraction (0-7 g.), b. p. 182— 
190°/0-4 mm., gave a mixture of trinitrobenzene derivatives, from which after four crystallis- 
ations from alcohol the trinitrobenzene derivative of 16-methylhexahydrochrysene (XIII) was 
isolated in yellow needles, m. p. 123° (Found: C, 65-1, 64-85; H, 4-7, 4:5. C,).H»5,C,H;O,N,; 
requires C, 65-0; H, 5-0%). 

This substance was best prepared as follows: 9-0 G. of the diene were heated with an equal 
weight of phosphoric oxide at 140° for 6 hours. The cooled product was extracted with petrol 
and distilled. There were obtained 1-4 g., b. p. up to 155°/0-3 mm., and 4-8 g., b. p. 155— 
175°/ 0-3 mm. The first fraction was a mobile liquid. It yielded a mixture of trinitrobenzene 
addition compounds, separated by crystallisation from alcohol into the yellow derivative of 
methylbutylphenanthrene (XII), m. p. 134° (not quite pure), and the orange derivative of the 
original diene, m. p. 64°. The high fraction was much more viscous. It readily yielded the 
derivative, m. p. 123°, of the tetracyclic hydrocarbon (XIII). The tetracyclic hydrocarbon was 
also obtained by cyclisation of the diene with phosphoric oxide at 170°, but not by the use of a 
mixture of phosphoric oxide and phosphoric acid at 150°. 

The trinitrobenzene compound of the tetracyclic hydrocarbon (m. p. 123°) was more stable 
than that of the diene. It was, however, reconverted into the parent hydrocarbon by treatment 
with light petroleum and filtration of the solution through an alumina column. The tetracyclic 
hydrocarbon was a viscous liquid. 710 Mg. of it were heated with 680 mg. of selenium at 310— 
330° for 19 hours. The residue was extracted with boiling light petroleum (b. p. 40—60°). 
The extract yielded a crystalline mixture. The mixture was rubbed with a little ether, which 
left 180 mg. of a grey-green solid, m. p. ca. 230°. A solution of this in benzene was run through 
an alumina column, which removed a trace of selenium. The residue from the benzene was 
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crystallised from benzene-petrol, yielding chrysene, m. p. and mixed m. p. 247—248°; this was 
further identified as the addition compound with 2 : 7-dinitroanthraquinone. 

Attempted Oxidation of 16-Methylhexahydrochrysene (XIII).—These negative experiments 
are briefly summarised below. The general methods were those successful in the dicyclic series 
(see preceding paper). The hydrocarbon resisted the action of potassium permanganate in 
acetone, but some oxidation occurred in acetic acid solution: A mixture of 6-4 g. of the tetra- 
cyclic hydrocarbon, 20 c.c. of acetic acid, and 40 c.c. of water was treated, first at 0°, then at 
room temperature, with 200 c.c. of 3% aqueous potassium permanganate. After 24 hours, the 
mixture was neutralised with aqueous alkali, filtered, and separated into neutral and acid 
fractions in the usual way. The acid fraction was freed from acetic acid over alkali in a vacuum 
desiccator. The residue (0-72 g.) partly solidified. It yielded no ketone on pyrolysis with a 
trace of baryta. The tetracyclic hydrocarbon (1-4 g.) was kept for a week with acetic acid 
(20 c.c.) and perhydrol (5 c.c.). The product was mainly neutral, but, as it failed to react with 
lead tetra-acetate, contained no useful amount of diol. 

The tetracyclic hydrocarbon was heated with lead tetra-acetate in acetic acid at 70°. The 
product, isolated in the usual way, was refluxed with methanolic potash and the neutral product 
was submitted to chromatographic adsorption, a number of fractions being separated arbitrarily. 
All these yielded the trinitrobenzene compound of the original hydrocarbon, m. p. 123°. The 
tetracyclic hydrocarbon also failed to react with selenium dioxide in acetic anhydride at 100°. 

5-5 G. of the hydrocarbon in 50 c.c. of ethyl acetate were ozonised. The product was boiled 
with water and further oxidised with alkaline perhydrol. The acidic product, separated by 
sodium bicarbonate, was a yellow powder, m. p. 165—167° after preliminary softening. It 
dissolved in aqueous alkali and in organic solvents to give red solutions, and could not be crystal- 
lised. Etherification with diazomethane gave a coloured gummy product, which did not lose 
its colour on chromatographic analysis. It is concluded that this treatment involved a drastic 
oxidation, ring C being probably affected. 


We thank the Chemical Society for a grant. 
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136. Kinetics of a Diene Association under Constant Volume 
Conditions. 


By D. M. Newitt and A. WASSERMANN. 


The velocity coefficient, k, of the bimolecular association of cyclopentadiene can 
be represented by & = A,e~*e/R? or by k = A,e—*s/RT where E is the activation 
energy and the subscripts indicate that the two parameters refer to constant volume 
or to constant pressure respectively. In this paper the activation energy, E,, and 
the non-exponential factor, A,, relating to the association of pure liquid cyclopenta- 
diene are calculated and compared with the corresponding quantities of the gaseous 
reaction. It is pointed out that in contrast to A, and E,, which increase with 
increasing pressure, A, and E, are independent of the pressure within the experi- 
mentally investigated range. 


It is of interest to calculate the activation energy, E, and the non-exponential A factor 
of the Arrhenius equation for homogeneous bimolecular associations, under constant 
volume conditions, both in the condensed and in the gaseous state. The results of the 
experiments now to be discussed make this possible for the first time. 

The reaction investigated is the dimerisation of cyclopentadiene to produce endo- 
dicyclopentadiene. In previous work the E and A values for the formation of gaseous 
endo-dicyclopentadiene were determined at constant volume (Benford, Khambata, and 
Wassermann, Nature, 1937, 189, 669; Benford and Wassermann, J., 1939, 362; Schulze, 
Oel und Kohle, 1938, No. 6, 113; compare also Koenig, Diss., Berlin. For a discussion 
of the results of Harkness, Kistiakowsky, and Mears, J. Chem. Physics, 1937, 5, 682, see 
J., 1939, 364, 384), but the kinetic measurements in the condensed phase were carried 
out at constant pressure (Wassermann, J., 1936, 1029; Khambata and Wassermann, J., 
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1939, 374; Benford, Kaufmann, Khambata, and Wassermann, ibid., p. 381; Kaufmann 
and Wassermann, ibid., p. 870; Raistrick, Sapiro, and Newitt, ibid., p. 1761). In this 
paper the activation energy of the association of pure liquid cyclopentadiene is deduced 
from 


eS es Oe ee rae: 


Here E, and E,, the “ activation energies” relating to constant volume and constant 
pressure respectively, can be defined, for the present purpose, by RT*(0 log k/OT), and 
by RT?(0 log k/0T)p where & is the bimolecular velocity coefficient ; ay, the coefficient of 
thermal expansion ‘of cyclopentadiene, at pressure P, is (0 log v/aT) )p; ®, the compress- 
ibility of cyclopentadiene (the sign of which is positive in the present case) is (0 log v/04), 
and y is (a log k/0p)7. Numerical values of the latter quantities were calculated from 
the data given by Raistrick, Sapiro, and Newitt (loc. cit.) and are listed below : 


Data for the Calculation of the Activation Energy E, of the Association of Pure Liquid 
cycloPentadiene. 
10°a, (deg.-*). Pressure range (in atm.) 
for calculation of 





1058 10ty 
Temp. 1 Atm. 1000 Atm. 3000 Atm. (atm.-). (atm.-*). y: 
40° 1-43 0-67 0-95 5-80 4-41 1000—2500 1—2500 
30 1-40 0-89 0-86 5-10 4-03 1000—3500 1—3500 
20 1-37 1-0 0-58 4-61 3-76 1000—3500 1—4000 
0 1-23 1-2 0-48 3-4 3-60 1000—4000 1—5000 
In general, the coefficients of thermal expansion, the compressibilities, and y will be 
functions of the pressure,* but in the association of cyclopentadiene only the coefficient 
of thermal expansion is markedly influenced by pressure changes, while the compress- 
ibilities at 40°, 30°, and 20° are independent of the pressure within the range given in 
col. 7, and y is independent of the pressure within the whole experintentally investigated 
range given in col. 8. For these reasons, coefficients of thermal expansion relating to 1, 
1000, and 3000 atm. but only one compressibility and one y value have been computed 
for each of the four temperatures at which the kinetic measurements were carried out. 
The foregoing data were used to calculate 12 values in the first three columns of the 
next table, each set of figures being obtained by using the coefficient of thermal expansion 
at 1, 1000, and 3000 atm., respectively. In order to deduce the activation energy F» 
(col. 5), the mean values of these sets of figures and the activation energies, E,, relating 
to 1, 1000, and 3000 atm. were substituted in (1). The A factors in the last two columns 
were obtained from the relevant activation energies and velocity coefficients by using 
the Arrhenius equations 
ee Ra gs OS Pee 


ee, 65 oy Tobe se oe oe ts 


In carrying out these calculations the activation energies and velocity coefficients at 
atmospheric pressure were obtained from the mean values of the figures given by Benford, 
Kaufmann, Khambata, and Wassermann (loc. cit.) and Raistrick, Sapiro, and Newitt 
(loc. cit.), while the E and k values relating to 1000 and 3000 atm. were taken from the 
latter authors. 
Kinetics of the Association of Pure Liquid cycloPentadiene. 
RT*ayy/B (kg.-cals.). 


" eters . logy Aw 
a (1 a (1000 a (3000 z.. - _~ 
atm.). atm.). atm.). , 49 (kg. -cals, >. (A = 1.g.-mol.- sec.-.) 
4:3 1-0 1-4 0-7 61+403 
4-6 1-2 1-2 . . x 0-8 7-4 +4 03 
. 0-7 88 + 0:3 








4-4 1-4 0-8 
4-0 1-8 0-8 


These figures show that in contrast to E, and A,, which increase markedly with 


* An example of this is the reaction between pyridine and ethyl iodide in acetone solution (Gibson, 
Fawcett, and Perrin, Proc. Roy. Soc., 1935, A, 150, 238). 
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increasing pressure, the pressure dependence of the activation energies E, and of A, is 
smaller than the experimental error. It follows, therefore, that 


E, (pure liquid state) — E, (gas) . . . .- +. + (4) 
and A, (pure liquid state)/A, (gas) . . . »- +« + + () 
are functions of the pressure, whereas 

E, (pure liquid state) — E, (gas) . ... . . (6) 
and A, (pure liquid state)/A, (gas) . . . . +. + «+ (7) 
are independent of the pressure within the limits of the experimental error and the 
range referred to in the first table. It is believed, therefore, that the parameters of 
(3) are more characteristic of the kinetics in the condensed state than those of (2), and 
for this reason numerical values of (6) and (7) are of interest. [The numerical values of 
(4) and (5) have been discussed in the previous work (loc. cit.); cf. also Wassermann, 
Trans. Faraday Soc., 1938, 34, 128.] The figures in the second table and the results of 


Benford and Wassermann (loc. cit.) being used, it follows that (6) amounts to 3-2 + 1-3 
kg.-cals. and the ratio (7) is at least 40, the most probable value being 400. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, April 18th, 1940.] 





137. Curare Alkaloids. Part V. Alkaloids of some Chondrodendron 
Species and the Origin of Radix Pareire Brave. 


By Harotp Kine. 


The aim of this investigation was the determination of the botanical source of 
the substance known in pharmacy as radix pareire brave, since its alkaloids are 
related to the phenolic alkaloids of tube- and pot-curare. This object has been 
attained. When pareiva brava yields l-bebeerine it comes from Chondrodendrou 
platyphyllum and when it yields d-bebeerine from Ch. microphyllum, These two species 
are very similar in taxonomical and pharmacognostical characters. In addition Ch, 
candicans from British Guiana has been examined, All these species contain bebeerine 
(d- or I-) and d-isochondrodendrine in widely varying proportions. A study of the 
properties of d-isochondrodendrine, which is now available in quantity, has enabled 
probable structures to be assigned to protocuridine and meoprotocuridine, isomeric 
phenolic alkaloids of pot-curare. From the leaves of Ch. platyphyllum a new alkaloid, 
chondrofoline, has been obtained. It is related to bebeerine and a probable structure 
is assigned. From a relatively large amount of radix pareiv@ brave a new alkaloid, 
isococlaurine, isomeric with coclaurine has been isolated and its structure determined. 
A classification of certain bisbenzylisoquinoline alkaloids is given. 


THE phenolic alkaloids of tube- and pot-curare are derived from plants of the N.O. Meni- 
spermacee@ and in all probability from the genus Chondrodendron. The drug radix pareire 
brave bought on the English market has been shown to contain d-bebeerine, which is 
enantiomorphous with an alkaloid occurring in tube-curare and related to its active 
principle d-tubocurarine chloride. This relationship raises once more the question of the 
botanical origin of pareira brava, a subject which has long been a matter of dispute. 

In 1694, Pomet, in his “‘ Histoire Générale des Drogues,”’ p. 69, avers that the Portuguese 
first brought pareiva brava * from Mexico, the Indies and Brazil. Its botanical origin 
was unknown but the drug had a considerable reputation in the treatment of calculus and 
other bladder complaints. In 1648, Piso (De Facultatibus simplicium, 4, 94) and Marcgrav 
(Hist. Plantarum, 1, 25) both described and figured a plant with a wide distribution in the 
New World known as Caapeba, which also had a reputation in the treatment of those 
ailments for which pareira brava was used. An element of confusion thus arose which was 


* The spelling pareira instead of the Portuguese parreira, meaning a vine, is probably the French 
or English rendering of the sound of the Portuguese word. 
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consolidated by the weight of authority of Linnaeus, who in 1753 gave the name Cissampelos 
pareira to caapeba, thus perpetuating for over a century the erroneous idea that pareira 
brava originated from Cissampelos pareiva. During the past hundred years there has been 
a natural phase of chemical development, but the confusion which existed has not been 
resolved and in some respects has been made worse. Three of the contributory causes 
have been the adulteration of the market by roots purporting to be pareira brava, the lack 
of authoritative botanical identification of the materials examined, and the uncritical 
pronouncements of pharmacists of repute. 

Hanbury (Pharm. J., 1873, 4, 81) made a bold attempt to solve the problem by securing 
specimens of the drug from Rio de Janeiro, Brazil, together with herbarium specimens, 
and came to the conclusion that pareiva brava came from Chondrodendron tomentosum 
R. and P., a species which, as is now known, is not ~ecorded for Brazil. In the mono- 
graph on the Menispermacee in Engler’s Pflanzenreich (1910, 4, 41) Diels mentioned these 
herbarium specimens but clearly favoured the view that pareira brava came from a Brazilian 
Chondrodendron and probably Ch. platyphyllum (St. Hil.) Miers. From a perusal of 
Hanbury’s account of his researches into this question it seems probable that he regarded 
these two species as identical and unfortunately chose the older name tomentosum. More 
recently Krukhoff and Moldenke (Brittonia, 1938, 3, 1) have critically surveyed the American 
Mentspermacee and concluded that Ch. platyphyllum is the major source of the drug, but 
they do not exclude the possibility that an additional source might be Ch. microphyllum 
(Eichl.) Moldenke, also a native of southern Brazil. 

The reliable modern chemistry of pareira brava may be said to start with the work of 
Scholtz (Ber., 1896, 29, 2054), who examined a commercial powder called Bebeerinum 
purum and isolated therefrom for the first time a crystalline levo-bebirine, [a], — 298°. 
In 1899 Scholtz (Arch. Pharm., 237, 199) also isolated bebirine, now spelt bebeerine, from 
vadix pareire brave. In 1906, however, he (ibid., 244, 555) obtained the alkaloid in the 
dextro-form, [a]p + 297°, from pareira root and also a fraction claimed to be racemic 
bebeerine and the same constituents from the Bebeerinum purum of Merck. At a later 
date Scholtz and Koch (ibid., 1914, 252, 513) also examined a large quantity of radix 
pareire brave from a different commercial source and only found traces of bebeerine. As 
a result of these recorded variations and of their own experiences, Faltis and Neumann 
(Monatsh., 1921, 42, 325) came to the conclusion that, unless roots from closely allied 
species exist which cannot be differentiated by the pharmacognosist, then it may be that 
Ch. platyphyllum is subject to climatic and seasonal influences which determine the nature 
of the alkaloid. 

In the following pages an account is given of the alkaloids of radix pareire brave of 
the English market, of botanically identified Ch. platyphyllum collected in Brazil in the 
region of Rio de Janeiro and from Bahia, a thousand miles further north, and of Ch. micro- 
phylium, also collected near Bahia. An account of the alkaloids of Ch. candicans (Rich 
ex D.C.) Sandwith, the only Chondrodendron of British Guiana, is also included, since it is 
said to be used by the Warrau Indians in some of their poisons. The root of Ch. platy- 
phyllum from Rio contained /-bebeerine and d-isochondrodendrine and the same alkaloids 
were found in the root of this species collected near Bahia. In the stems, however, from 
Bahia, only /-bebeerine was found but the leaves contained /-bebeerine, d-isochondroden- 
drine and a new alkaloid to which the name |-chondrofoline has been given. On the other 
hand Ch. microphyllum from Bahia contained the optical enantiomorph d-bebeerine and 
d-isochondrodendrine. Radix pareire brave of the English market contained d-bebeerine, 
d-itsochondrodendrine and in small amount a new alkaloid, l-isococlaurine. The results are 
summarised in the following table, the more abundant alkaloid being placed first. 


Species. Locality. Organ. Alkaloids. 
Ch. platyphyllum Rio Root d-isoChondrodendrine, /-bebeerine. 
Pe a Bahia Root l-Bebeerine, d-isochondrodendrine. 


Stems l-Bebeerine. 

Leaves J/-Chondrofoline, d-itsochondrodendrine, /-bebeerine. 
Ch. microphyllum Bahia Root d-isoChondrodendrine, d-bebeerine. 
Ch. candicans British Guiana Stem d-isoChondrodendrine, d-bebeerine. 
Pareiva brava d-Bebeerine, d-isochondrodendrine, /-isococlaurine. 
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Chondrodendron platyphyllum and microphyllum are two species whose taxonomical 
characters are very close, but chemical examination shows a clear distinction. Since it is 
unlikely that native plant collectors could distinguish these species and there is no apparent 
difference in the pharmacognostical characters of their roots, it seems clear that pareira 
brava has originated in the past in these two species. The findings of Scholtz and Faltis 
thus receive a simple and adequate explanation. The occasional occurrence of racemic 
bebeerine or bebeerine of low rotation, if the observations of various authors bear the 
interpretation given to them, might be due to admixture of the two species. 

A survey of the table shows that the relative proportions of the alkaloids in any one 
species may show considerable variation. This is brought out more forcibly by the 
quantitative figures given in the experimental section. The factors which bring about 
this variation are probably climatic and seasonal and there are also the inherent characters 
of the plants. Radix pareire brave of the English market contained large amounts of 
d-bebeerine but very little d-tsochondrodendrine. On the evidence available it must 
have come from Ch. microphyllum. The remote possibility must however be envisaged 
that there are two species included under the designation of Ch. platyphyllum, one giving 
d-bebeerine and the other /-bebeerine, which are indistinguishable so far taxonomically but 
distinguishable chemically. There is some support for this, since the physical properties 
of the percolate from Ch. microphyllum seemed to be strikingly different from those of 
paretwra brava. 

It was difficult at first to be sure of the identity of the tsochondrodendrine, since the 
possibilities of isomerism in this group of alkaloids are numerous, and since this alkaloid 
has not been well characterised in spite of the fact that its general structure is known; 
in addition the melting points of ssochondrodendrine and derivatives are nearly all above 
300°. The fact that isochondrodendrine gave a typical Millon reaction was also discon- 
certing, since the chemical structures on which this reaction depend and which were dis- 
cussed in Part III (J., 1937, 1481) seemed to preclude a positive reaction with isochondro- 
dendrine. However, it was found and recorded in Part IV (J., 1939, 1163) that, although 
O-methylnor-m-hemipinic acid (I) does not give a Millon reaction, its bromo-derivative 


(II) does. 
Meo CO, IA 
Onn Ott MeO AM H, 
Med if 


(I.) an; ) (III.) 


Furthermore neither corybulbine (III; R, = Me, R, =H) nor tsocorybulbine (III; 
R, = H, R, = Me) gives the reaction. It follows that ssochondrodendrine, which has two 
methoxy-groups and two phenolic groups, should have at least one phenolic group adjacent 
to the ether oxygen atoms (IV, R, or R, or both = H). The isomeric alkaloid neopro- 
tocuridine discoyered in pot-curare (King, J., 1937, 1472) was optically inactive and gave 
no Millon reaction but on complete methylation and degradation gave a methine methiodide 
indistinguishable from inactive «-methylisochondrodendrinemethine methiodide obtained 
from d-tsochondrodendrine. Its constitution is therefore to be represented by a centro- 





H, NMe H, NR _70—~__ OR, 
Hx = H,< >—0 +e a H,< OR, 
O< >-CH, & >i, 0x « ‘H, 
R,0 OR, R,O RNH, 
(IV.) (V.) 


symmetric form of (IV) in which R, and R, are H and R, and R, are Me. The availability 
of itsochondrodendrine as the main alkaloidal constituent of some of these chondrodendron 
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species has facilitated its characterisation and it has been found that its methylation 
product, O-methylésochondrodendrine methiodide, is in all probability identical with the 
methylation product of the other main phenolic alkaloid of pot-curare, protocuridine. 
The amcunt of O-methylprotocuridine methiodide available for comparison was small, 
but a close study of its properties along with those of O-methylisochondrodendrine meth- 
iodide failed to reveal any differences. The parent alkaloids ¢sochondrodendrine and proto- 
curidine are, however, quite different but isomeric. Since both parent alkaloids gave the 
Millon reaction and both were optically active, they must be represented by (IV), in which 
neither has a catechol arrangement of phenolic groups and at least one phenolic group in 
both alkaloids must be at OR,. In one of these alkaloids OR, and OR, will each be 
represented by OH and in the other only one of these can be OH. 

The new alkaloid chondrofoline, which has only been encountered in the leaves of Ch. 
platyphyllum, has the formula C,,Hs,0,Ng, is phenolic and contains three methoxyl groups. 
On complete methylation it gave an amorphous O-methyl methiodide and methochloride 
closely resembling the corresponding products from bebeerine, and on degradation by a 
one-stage Hofmann reaction it gave crystalline O-methylchondrofolinemethine methiodide, 
which proved to be identical with the inactive O-methylbebeerinemethine methiodide B 
obtained in an analogous degradation of d-bebeerine or d-tubocurarine (King, J., 1935, 
1381). A second crystalline product was obtained, /-O-methylchondrofolinemethine meth- 
iodide, which proved to be the enantiomorph of d-O-methylbebeerinemethine methiodide, 
also obtained both from d-bebeerine and from d-tubocurarine, Since chondrofoline does 
not give a Millon reaction and it only contains one phenolic group, its constitution is shown 
by (V) in which R = H, and the phenolic group is at OR, or OR,. 

A number of bisbenzylisoquinoline alkaloids can now be classified as belonging to a 
bebeerine or an tsochondrodendrine type. 


isoChondrodendrine Type (IV). Bebeerine Type (V). 
d-isochondrodendrine d-bebeerine 


Sub-type 2 o“methyluschondrodendrine * Sub-type | l-bebeerine (/-curine) 


d-protocuridine l-chondrofoline 
Sub-type b i-neoprotocuridine Sub-type d d-tubocurarine 


* Kondo, Tomita, and Uyeo, Ber., 1937, 70, 1890. 


Completely methylated structures corresponding to the isochondrodendrine type will 
occur in two sub-types a and b depending on whether the two centres of asymmetry are 
the same or opposite in sign (centro-symmetry). Examples of both sub-types are known. 
Similarly the bebeerine type on complete methylation will give rise to two sub-types c 
and d, both optically active, in which the two centres of asymmetry are the same or opposite 
in sign. In this case also examples of both sub-types are known. 

d-isoCoclaurine found to a small extent in radix pareire brave has the formula 
C,7H,,0,N, is phenolic and contains one methoxyl group. It is isomeric with coclaurine, 
an alkaloid of the Menisperm, Cocculus laurifolius D.C. On complete methylation it gave 
d-O-dimethyl-N-methylcoclaurine methiodide, which proved to be the optical enantiomorph 
of the corresponding product obtained by complete methylation of natural /-coclaurine 
(VI). Since zsococlaurine does not give the catechol reaction and since it is an isomeride 
of coclaurine, its constitution must be that shown by (VII). 


H 


. 2 2 
MeO He HO 
(vi) HO N MeO (VII.) 
H;< 0H CH,—< OH 


I am indebted to Mr. N. Y. Sandwith, M.A., of the Herbarium, Kew, for much enlighten- 
ment on the botanical aspects of this communication. 
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EXPERIMENTAL. 


Alkaloids of Chondrodendron platyphyllum from Rio.—Two pounds of the root of this 
plant together with the leaves were kindly presented to the writer by Sr. Carlos da Silva Araujo 
of Rio de Janeiro. It was identified locally as Ch. platyphyllum and this was confirmed by 
Mr. N. Y. Sandwith of the Herbarium, Kew. It is known locally as ‘‘ abftua grande ”’ or large 
abutua and rarely under the name “‘ parreira brava ”’ (reiz). 

The powdered root (924 g.) was percolated with 1% tartaric acid solution until the alkaloid 
was exhausted. The solution was then concentrated to 1460 c.c. at 40—45°. A 10c.c. sample 
was freed from fat, made alkaline with sodium bicarbonate, and extracted thrice with chloro- 
form. Removal of the chloroform left 0-57 g. of crude alkaloids, corresponding to a yield of 
about 9%. When this was moistened with a little methyl alcohol, it gave a microcrystalline 
powder (0-3 g.), m. p. 310°, [c] 54g: + 158° (for the base in n/10-hydrochloric acid), corresponding 
to a 4-7% yield of readily crystallisable bases. 

The remaining 1450 c.c. of extract were cooled to 0° and to the solution solid sodium bi- 
carbonate was added in excess. The precipitated solid was collected, and the filtrate extracted 
repeatedly with chloroform, emulsions being circumvented by filtration through a thin layer 
of kieselguhr. The chloroform was removed by distillation; the syrupy residue on dilution 
with a little methyl alcohol crystallised instantly (yield, 28-5 g.). The initial solid precipitated 
by sodium bicarbonate was extracted by boiling with chloroform and on removal of the solvent 
gave 3-3 g. of crystalline powder on moistening with methyl alcohol. The chloroform-extracted 
solid was finely powdered and extracted with ether (Soxhlet) for 14 days; a further 1-1 g. of 
crystalline alkaloid separated when the residue, on removal of the ether, was moistened with 
methyl alcohol. 

The various methyl-alcoholic mother-liquors (A) were combined and kept. The total 
microcrystalline alkaloidal bases (32-9 g.) had [a]54g, + 158-7° in n/10-hydrochloric acid solu- 
tion. They consisted mainly of d-isochondrodendrine, a little -bebeerine, and some more 
complex amorphous basic material, probably of high positive rotation, which was carried along 
with the crystalline bases. This was demonstrated in the following way. The crystalline 
bases were neutralised with warm n-sulphuric acid (106 c.c.); the solution on cooling ta 0° 
gave a copious yield (39-8 g.) of isochondrodendrine sulphate, crystallising in double pyramids 
containing 28% of water of crystallisation. On careful concentration of the mother-liquor a 
further 3-3 g. of the same alkaloidal sulphate were obtained. The mother-liquors were now 
basified with sodium bicarbonate in the presence of chloroform, deep brown, amorphous, in- 
soluble alkaloidal material being removed by filtration through kieselguhr. The chloroform 
extracts were completely freed from solvent and gave 4 g. of syrupy bases, which on solutioh 
in warm methyl alcohol rapidly deposited d-isochondrodendrine base (1-7 g.), m. p. 305°, "as a 
very fine, crystalline powder. On concentration of the methyl-alcoholic mother-liquor 
l-bebeerine (0-7 g.), m. p. 215°, separated. The high dextro-rotation for the crude crystalline 
starting material cannot be due to the d-isochondrodendrine or to the /-bebeerine and must be 
attributed to the chloroform-insoluble amorphous bases which separate whenever these 
alkaloids are regenerated from crude solutions of their salts. 

The combined methyl-alcoholic mother-liquors (A) were neutralised with mineral acid, 
the methyl alcohol removed, and the aqueous solution precipitated with saturated sodium 
bicarbonate solution (100 c.c.). The vacuum-dried precipitate was finely powdered and ex- 
tracted with ether (Soxhlet) and gave 14-8 g. of crude amorphous solid bases, which on boiling 
with methyl alcohol (50 c.c.) gave /-bebeerine (9-0 g.), m. p. 208°. 

From 924 g. of root there were therefore isolated 43-1 g. of d-isochondrodendrine sulphate, 
1-7 g. of isochondrodendrine base, and 9-7 g. of -bebeerine base. 

Alkaloids of Ch. platyphyllum from Bahia.—Through the kindness of Dr. Randolph T, 
Major of Merck and Co., Inc., of Rahway, New Jersey, I was able to examine a quantity of the 
root, stems and leaves of pareiva brava, collected by Mr. S. S. Schindler, a local exporter of 
medicinal plants and sent via the American Consulate in Bahia, Brazil. The leaves were 
identified as Ch. platyphyllum by Mr. B. A. Krukoff of New York. 

Stems. The powdered material (538 g.) was percolated with 1% tartaric acid, the solution 
concentrated, and the alkaloids extracted with chloroform after basification with sodium 
bicarbonate. The residue obtained on removal of the solvent was dissolved in methyl alcohol 
(50 c.c.); J-bebeerine (28-1 g.), m. p. 215°, slowly crystallised. The yield corresponds to a 
5-2% yield of l-bebeerine, calculated on the weight of the original stem. The optical rotation 
was taken in n/10-hydrochloric acid, [4] 544, — 337:9° (calculated in terms of the base, c = 0-64). 
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The hydrochloride had m. p. 278° (efferv.) and this was not depressed by admixture with d- 
or /-bebeerine hydrochloride. A specimen of this base, recrystallised from boiling methyl 
alcohol (125 vols.), separated in prismatic needles, m. p. 215—216°. The specific rotation of 
the base, freed from methyl alcohol of crystallisation, was determined in n/10-hydrochloric 
acid : [«]54¢, — 340°, whence [a«];4g, — 339° for the ion (c = 0-44); [a]) — 275-9° for the ion. 

The main methyl-alcoholic mother-liquor was evaporated to dryness, and the residue 
extracted with ether (Soxhlet). A further 0-22 g. of -bebeerine was thus obtained; there was 
no evidence for the presence of any d-isochondrodendrine. 

Root. The finely powdered material (720 g.) was worked up in the same way as the stem. 
The yield of crystalline alkaloids obtained on solution of the chloroform-soluble bases in methyl 
alcohol was 50-8 g., corresponding to a 7% yield on the root. The base had a slightly mixed 
appearance and had [«];4,, — 308°, calculated in terms of the base in n/10-hydrochloric acid. 
It was crystallised as hydrochloride and gave /-bebeerine hydrochloride (46-4 g.), m. p. 280° 
(efferv.). On concentration, the mother-liquors gave a mixture of the hydrochlorides of 
l-bebeerine and d-isochondrodendrine. They were readily separated without filtration by 
dilution with a small volume of water and gentle warming, d-isochondrodendrine hydrochloride 
(1-1 g.), m. p. 323° (decomp.), being undissolved. The mother-liquors on concentration now 
gave I-bebeerine hydrochloride (8-9 g.), m. p. 280° (decomp.). The bases from the mother- 
liquor were then regenerated and dissolved in hot methyl alcohol (50 c.c.) ; d-isochondrodendrine 
(0-62 g.), m. p. 318°, soon separated and was collected while the solution was still warm. The 
filtrate then deposited /-bebeerine (1-36 g.), m. p. 209°. 

The original methyl-alcoholic liquors which had given 50-8 g. of crystalline bases were 
evaporated to dryness, and the residue powdered and extracted with ether (Soxhlet). A small 
quantity of amorphous alkaloid separated, which on solution in the usual way in a little warm 
methyl alcohol gave /-bebeerine (0-14 g.) and d-isochondrodendrine (30 mg.). 

Leaves. These (300 g.) were dried at 37°, powdered, and extracted with cold 1% tartaric 
acid solution. The concentrated extract was basified with sodium bicarbonate, and the bases 
extracted with chloroform (yield, 3-4 g.). This alkaloidal material was a gum which gave a 
positive Millon reaction and in alcoholic solution a purple colour with ferric chloride, a reaction 
also shown by bebeerine base. All attempts to obtain crystals from it by the use of methyl 
alcohol or other solvents failed. It was therefore dried, finely powdered, and exhaustively 
extracted (Soxhlet) with dry ether. An amorphous solid (2-9 g.) separated in crusts in a manner 
suggestive of bebeerine, but, when moistened with a little methyl alcohol, did not crystallise. 
It was therefore neutralised with n-hydrochloric acid (8-5 c.c.), and the bases fractionally 
liberated to chloroform, by addition of nine 1 c.c. portions of n-sodium hydroxide. After 
remaqval of the chloroform from each fraction, the residue was dissolved in a little methyl 
alcohol and kept. Fraction 8, the most basic, gradually deposited a fine powder (40 mg.), 
m. p. 303°. It was recrystallised from methyl alcohol by extraction with boiling methyl alcohol 
in a micro-thimble and separated as a crystalline powder, which proved to be d-isochondro- 
dendrine, m. p. 316° (decomp.), undepressed by admixture with pure d-isochondrodendrine. 
It also gave a typical Millon reaction and was very sensitive to warm dilute nitric acid. 

Fractions 5 and 6 gradually deposited /-bebeerine, which crystallised from methyl alcohol 
(yield, 10 mg.) in prisms which readily became opaque through loss of methyl] alcohol of crystallis- 
ation, m. p. 204°, mixed m. p. with /-bebeerine, 208°. 

Isolation of \-chondrofoline. Fractions 2 and 3, representing much less basic material, 
slowly deposited well-formed glassy crystals (0-23 g.). Crystallised from methyl alcohol, it 
separated in triangular plates with some double pyramids (0-18 g.), m. p. about 135° (slow 
efferv.) (Found * for the air-dried base: loss at 95°, 6-0. C,;,H,;,O,N,,2H,O requires H,O, 
5-8%. Found for partially dried base: C, 70-7, 70-6; H, 6-8, 6-6; N, 4-7, 4-9; MeO, 14-6, 
14:9. C,,H,,0,N,,H,O requires C, 70-2; H, 6-4; N, 4-7; 3MeO, 15-6%. Found for the dried 
base: M, Rast, 594, 576. C,,;H,;,O,N, requires M, 580). 

Chondrofoline is a phenolic alkaloid which does not give a Millon reaction; in methyl alcohol 
it gives a faint pink-purple colour on addition of a trace of ferric chloride. The hydrochloride 
and the sulphate were not obtained crystalline, but the nitrate, obtained by addition of 
ammonium nitrate to a solution of the base in dilute hydrochloric acid, separated in needles. On 
recrystallisation from water it separated as a felt of needles, m. p. 225° (decomp.) (Found for 
the salt dried at 105°: C, 57-5, 57-7; H, 6-1, 6-2; N, 7-6, 7-3; MeO, 11-6, 11-7. 

C,;H,,0,N,,2HNO,,H,O 
requires C, 58-0; H, 5-6; N, 7:7; 3 MeO, 12-8%). The specific rotation of the base dried at 
* All analyses are micro. 
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95°, determined in n/10-hydrochloric acid, was [«]?%, — 280-6° (calculated in terms of the 
base). 

Exhaustive methylation of chondrofoline. Chondrofoline (117 mg.) was boiled in methyl- 
alcoholic solution with methyl iodide and potassium hydroxide (0-4 g.). After removal of the 
solvent and replacement by warm water the solution gelled on cooling. The product was 
converted into the chloride by freshly prepared silver chloride, the solution of the methochloride 
evaporated to dryness, and the non-crystalline methochloride extracted from inorganic salts 
by treatment with ethyl alcohol. The syrup left on removal of the alcohol was boiled with 
20% sodium hydroxide solution (10 c.c.) for 2 hours, and the methine bases taken up in chloro- 
form. After removal of the solvent the bases were boiled for several hours in methyl-alcoholic 
solution with methyl iodide. On concentration a crystalline solid separated which on one 
crystallisation from methyl alcohol gave small prisms or fine needles of O-methylbebeerine- 
methine methiodide B (43 mg.), m. p. 237°, not depressed by an authentic specimen. It gave 
the colour reaction with sulphuric acid characteristic of the methine methiodide B and not 
that of the methine methiodide A (King, J., 1935, 1381). From the mother-liquors a more 
soluble salt separated; on crystallisation from methyl alcohol it formed diamond-shaped 
plates (21 mg.), m. p. 190°. This salt had a levorotation and was the levo-enantiomorph of 
d-O-methylbebeerinemethine methiodide. A mixture of the two salts showed no depression 
of melting point and their colour reactions with sulphuric acid were identical. 

Alkaloids of Chondrodendron microphyllum.—Through the good offices of the British 
Consul in Bahia a quantity of “‘ parreiva brava” roots was collected locally together with speci- 
mens of the leaves. The latter were identified through the kindness of Prof. Hochreutiner of 
Geneva as Chondrodendron microphyllum. The root (845 g.) was powdered and percolated with 
1% tartaric acid solution in the usual way. The percolate was very dark coloured and percol- 
ation was very slow. In this respect it differed from pareiva brava. The concentrated solution 
was made alkaline with sodium bicarbonate, and the chloroform-soluble alkaloids collected, 
dissolved in methyl alcohol, and kept at 0°; yield, 28-1 g. of crystalline bases, corresponding 
to a 3-3% yield on the original root. This was neutralised with n-sulphuric acid (93-3 c.c.), 
and the solution concentrated slightly over sulphurie acid in a vacuum. isoChondrodendrine 
sulphate (18-3 g.) separated in the characteristic double pyramids. The base isolated from 
the aqueous mother-liquor was dissolved in hot methyl alcohol (50 c.c.). There was a rapid 
crystallisation of 16-7 g. of mixed bases melting over a range upwards from 213°. This crop 
was crystallised as hydrochloride and gave d-bebeerine hydrochloride (15-4 g.), [a] 54g, + 318° 
for the basic ion. The mother-liquor was regenerated to base, which on solution in boiling 
methyl alcohol (30 c.c.) crystallised very rapidly in microscopic crystals of d-isochondrodendrine 
(1-22 g.), m. p. 323—325°. The still warm filtrate deposited d-bebeerine (1-52 g.), m. p. 212°, 
followed on concentration by a further crop of d-isochondrodendrine (0-2 g.). The methyl- 
alcoholic mother-liquors from which 16-7 g. of mixed bases had been obtained, on concentration 
and prolonged standing, gave a further 60 mg. of isochondrodendrine base, m. p. 313°. From 
845 g. of root there were thus obtained 18-3 g. of d-isochondrodendrine sulphate, 1-42 g. of 
isochondrodendrine base, 15-4 g. of d-bebeerine hydrochloride, and 1-5 g. of d-bebeerine base. 

Alkaloids of Ch.-candicans (Rich ex D.C.) SandwithThrough the valuable co-operation 
of Mr. B. N. Wood, Curator of Forests, British Guiana, and the Senior Forestry Officer, Mr. 
T. A. W. Davis, an abundant supply of this chondrodendyron, known locally as ‘“‘ granny’s back- 
bone,” was obtained. Its identity was kindly confirmed by Mr. N. Y. Sandwith of the 
Herbarium, Kew. 

The stems were first cut up into amenable size and then fed into a drug mill and powdered 
to pass a 12-mesh sieve. A 1500 g. sample was then percolated with 1% tartaric acid, and the 
solution concentrated to 1200 c.c. This was worked up in 100 c.c. portions by adding excess 
of saturated sodium bicarbonate solution in the presence of a liberal supply of chloroform. 
After thorough mixing, the emulsified solutions were filtered through a thin layer of kieselguhr 
under reduced pressure to remove non-chloroform soluble material. After being well washed 
with chloroform, the filtrate was extracted six times with chloroform, no further difficulty with 
emulsions being encountered. The combined chloroform extracts corresponding to 1500 g. of 
stem were evaporated to dryness (yield, 32-7 g.) and the-residue dissolved in hot methyl alcohol. 
Rapid crystallisation took place and on keeping at 0° at least two different crystalline bases 
had separated; yield 20-1 g., m. p. 282—289°, [«]54., + 197° for the base in n/10-hydrochloric 
acid solution. On evaporation of the solution from the rotation determination the hydro- 
chloride crystallised in plates (characteristic of isochondrodendrine hydrochloride). 

The separation of the main alkaloids was carried out as follows. The crude crystalline 
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alkaloids (19-8 g.) were neutralised with warm n-sulphuric acid (63 c.c.) and readily gave d-iso- 
chondrodendrine sulphate (17-72 g. after recrystallisation) in two crops. The first mother- 
liquors, which would not crystallise further as sulphate, were regenerated to base by means of 
chloroform and bicarbonate, an insoluble amorphous product being removed by filtration. 
The syrupy base left on removal of the chloroform was dissolved in warm methyl alcohol (50 
c.c.) and gave isochondrodendrine base (1-0 g.) and on concentration d-bebeerine (3-14 g.), 
followed by a further small crop of d-isochondrodendrine (0-48 g.). The residual base left in 
this methyl-alcoholic mother-liquor and the base left in the aqueous recrystallisation liquors 
of the isochondrodendrine sulphate were recovered, powdered, and extracted (Soxhlet) with 
ether. An amorphous base separated in the ether and when crystallised from methyl alcohol 
gave d-bebeerine (0-94 g.). 

The original methyl-alcoholic mother-liquor which had deposited 20-1 g. of mixed alkaloids 
was evaporated to dryness, and the amorphous solid powdered and extracted with ether 
(Soxhlet). In this way a further 0-85 g. of crude d-bebeerine was obtained. From 1500 g. 
of stem there were thus obtained 17-7 g. of hydrated d-isochondrodendrine sulphate, 1-48 g. 
of isochondrodendrine base, and 4-93 g. of d-bebeerine. 

Alkaloids of Radix Pareire Brave of Commerce.—Isolation of d-bebeerine, d-isochondro- 
dendrine, and d-isococlaurine. 56 Pounds of this material were bought on the London market 
through Messrs. Allen and Hanbury. Its authenticity was kindly confirmed by Mr. T. E. 
Wallis, Reader in Pharmacognosy in the University of London and Curator of the Pharm- 
aceutical Society’s Museum. One-half of this material was ground to pass a 12-mesh sieve 
and was then percolated with 1% tartaric acid solution in the usual way. The concentrated 
extract was precipitated at 0° with excess of saturated sodium carbonate solution, and the 
solid collected, dried in a vacuum, powdered, and extracted with dry ether (Soxhlet) for many 
weeks to exhaust the ether-soluble bases. At intervals the undissolved solid was dried and re- 
ground and extraction continued. On removal of the ether the cream-coloured amorphous 
powder containing fats was neutralised with hydrochloric acid, and filtered through a thin 
layer of kieselguhr, which removed most of the fat. The filtrate was extracted once or twice 
with ether to remove the remaining fat, concentrated under reduced pressure at 50°, and 
allowed to crystallise. The d-bebeerine hydrochloride so obtained was recrystallised from 
water to constant rotation, [«]2%, + 294° (c = 0-7) for the dried salt, whence [a],.,, + 329° for 
the ion. This is not the maximum value for pure d-bebeerine, since from the stems of Ch. 
platyphyllum which did not contain any isochondrodendrine a /-bebeerine was obtained having 
[a] 5461 — 339° for the ion in n/10-hydrochloric acid. The slightly lower rotation recorded 
above for the d-bebeerine hydrochloride is probably due to the presence of d-isochondrodendrine 
hydrochloride, for, from the final crystallisation liquors of a large amount of d-bebeerine hydro- 
chloride, d-isochondrodendrine hydrochloride was isolated and characterised as the sulphate. 

As an alternative to crystallisation as the hydrochloride, the fat-free solution of the hydro- 
chloride, freed from ether by warming, was poured into excess of dilute aqueous ammonia. 
The amorphous base was collected, dried, and added to 5 parts of hot methyl alcohol. (With 
care the whole of the amorphous base can be quickly got into solution before the crystalline 
bebeerine base begins to separate.) When recrystallised from methyl alcohol, the base had m. p. 
215° and [c]2%, + 345-7° (c = 0-4) for the ion when determined in n-hydrochloric acid solution. 
When once obtained pure, bebeerine will crystallise from other solvents; from benzene it 
separates in fine needles, from ethyl alcohol in very small needles, from propyl alcohol in tufts 
of needles. It also crystallises from aqueous acetone, but methyl alcohol has advantages over 
all other solvents. In methyl-alcoholic solution the base gives a port-wine colour on addition 
of a trace of aqueous ferric chloride. isoChondrodendrine gives no calour. On addition of 
ammonium nitrate to a solution of a soluble salt of bebeerine or isochondrodendrine sparingly 
soluble salts are precipitated. isoChondrodendrine nitrate crystallises well in tablets, but 
bebeerine nitrate separates in amorphous globules. Both alkaloids are very sensitive to warm 
3n-nitric acid. Attempts to prepare a crystalline sulphate from bebeerine in aqueous solution 
have failed. 

Isolation of d-isoCoclaurine. From the final mother-liquors of the crystallisation of 
d-bebeerine hydrochloride a small crop of uniform plate-like crystals of d-isococlaurine hydro- 
chloride separated on long standing. These (0-7 g.) were dissolved in boiling water (10 c.c.) 
and separated in clusters of plates or narrow leaflets (0-45 g.), m. p. 175—176° (Found: C. 
60-0, 60-3; H, 6-2, 6-4; N, 4-1, 4-2; Cl, 9-9, 9-8; MeO, 9-9, 9-8; H,O, 2-3. C,,H,,O,N,HC1,H,O 
requires C, 60-4; H, 6-0; N, 4:1; Cl, 10-5; MeO, 9-2; H,O, 53%). The specific rotation was 
determined in water (c = 0-28 for the anhydrous salt), [a]2%, + 23-9°. The free base, iso- 
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coclaurine, was liberated by sodium bicarbonate and was very sparingly soluble in chloroform. 
It crystallised from methyl alcohol in clusters of plates, m. p. 216—217°, almost the same m. p. 
as that of d-bebeerine but depressed to 195° by admixture with d-bebeerine (Found: C, 71-9, 
71-7; H, 6-6, 6-7; N, 5-3, 5-5; M, 321. C,,H,,O,N requires C, 72-1; H, 6-1; N, 49%; M, 
283). The amount of material available for the molecular weight by Rast’s method in camphor 
was very small, but it sufficed to distinguish between a benzylisoquinoline and a bisbenzyliso- 
quinoline. A methyl-alcoholic solution of the base gave with a trace of ferric chloride a color- 
ation similar to that given by bebeerine but redder in shade. isoCoclaurine gave a typical 
Millon reaction, as does coclaurine. The nitrate was sparingly soluble and crystallised in rods; 
the sulphate was not obtained crystalline. O-Methylisococlaurine methiodide was prepared by 
boiling isococlaurine (50 mg.) in methyl alcohol containing potassium hydroxide with methyl 
iodide for several hours. On removal of most of the solvent and dilution with water the meth- 
iodide crystallised (70 mg.). It was recrystallised from water (2-5 c.c.) and showed a tendency 
to separate as an oil but eventually it separated in glassy tablets (50 mg.), m. p. about 113°, 
but on drying at 100° it melted about 137° but not sharply (Found : C, 50-0, 50-2; H, 6-6, 6-3; 
N, 2-8, 2-7; H,O, 8-0; MeO, 18-0, 17-9. C,,H,,O,NI,2H,O requires C, 50-1; H, 6-0; N, 2-8; 
H,O, 7:2; 2MeO, 18-5%). Through the generosity of Prof. H. Kondo a specimen of }-coclaurine 
hydrochloride was available. A portion of this was methylated similarly and gave O-methyl- 
coclaurine methiodide which showed all the properties of the above O-methylisococlaurine 
methiodide. It melted at the same temperature, separated in glassy tablets which were hydrated 
and showed on crystallisation a great tendency to separate as an oil. It is probably the 
l-enantiomorph, since the parent alkaloid was /-coclaurine. 

Residual alkaloids. The residual alkaloidal mass left after exhaustive extraction with ether 
in a Soxhlet still contained crystalline alkaloidal bases. These may be the crystalline con- 
stituents of the amorphous chondrodine, bebeerine-B and 6-bebeerine of earlier workers. They 
have not yet been examined in detail. 

Characterisation of d-isoChondrodendrine.—The most characteristic salt is the sulphate; 
this crystallises from water in colourless, glassy, double pyramids which when freshly prepared 
contain 15H,O. On prolonged exposure to air they effloresce and may lose as much as 8H,0. 
This salt is best crystallised from its own weight of warm water; it melts anhydrous at 291— 
292° (efferv.) (Found for two different samples of the freshly prepared salt : loss at 100°, 27-4, 
28-7. Found after prolonged air-drying for many weeks: loss at 100°, 15-9. Calc. for 15H,O, 
28-1; for 7H,O, 15-4%. Found for dried solid: C, 61-9, 61-9; H, 6-0, 6-1; N, 4:2, 4-1; MeO, 
91. Calc.: C, 62-4; H, 5-8; N, 4:1; 2MeO, 90%). The rotation was determined in water 
with the hydrated salt, a separate sample being used for determining the water content, since 
the salt colours at 95°. For anhydrous salt, [a],4,; + 115-6° (¢ = 0-5). If Biot’s law holds, 
this corresponds to [a]p + 99-7°. Faltis and Neumann (Monatsh., 1921, 42, 321) record figures 
of [a]p + 90-1° and 94-8° for commercial samples of the sulphate and describe hydrates con- 
taining 33-5 and 17-3% of water; they do not, however, give a m. p. for the dried salt. Scholtz 
(Arch. Pharm., 1912, 250, 684) found that the sulphate lost 31—32% of water and described it 
as crystallising with 16 to 18 molecules of water of crystallisation. isoChondrodendrine hydro- 
chloride was obtained by Scholtz (ibid., 1913, 251, 136) by addition of hydrochloric acid to a 
solution of the sulphate and was described as needles with no definitem.p. Faltis and Neumann 
describe it only as having [a]}* + 140° in water. I find that it usually crystallises in plates, 
rarely in needles, m. p. 333° (decomp.), even when prepared by Scholtz’s method. Itis sparingly 
soluble in water and when dissolved in the minimum of boiling water will not readily separate 
without concentration of the solution (Found: C, 64:0; H, 6-1; N, 41. Calc.: C, 65-3; 
H, 6-0; N, 4:2%). 

isoChondrodendrine crystallises from methyl alcohol, in which it is extremely sparingly 
soluble, in microscopic needles, m. p. 316° (decomp.). Scholtz (ibid., 1913, 251, 136) describes 
the base obtained by adding water to the pyridine solution as small needles, m. p. 297°; Faltis 
(Monatsh., 1912, 38, 873) describes it as needles, m. p. 290°. It gives a typical Millon reaction 
in cold solution, as does bebeerine. isoChondrodendrine methiodide was prepared by boiling 
the base in methyl alcohol with methyl iodide. It crystallised from methyl alcohol in short 
prisms, m. p. 287° (decomp.); from water, however, in microscopic double square pyramids 
(Found: C, 44:9; H, 6-0; N, 2-8; I, 25-4; H,O, 13-6. Calc. for C,,H,,O,N,I,,8H,O: C, 
44-6; H, 5-9; N, 2-7; I, 24:8; 8H,O, 14:1%). In water [a]3%, + 64-3° (c = 0-17), whence for 
the ion + 90-2°. Scholtz (Arch. Pharm., 1913, 251, 136) describes the methiodide as large, 
hydrated prismatic crystals, m. p. 275° (efferv.). O-Methylisochondrodendrine methiodide 
was prepared by boiling isochondtodendrine base (3 g.) in 0-5n-methyl-alcoholic potash (25 c.c.) 
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with methyl iodide (5 c.c.), an extra one-half of these quantities of methylating agents being 
added after one hour’s boiling. The iodide separated almost quantitatively from the boiling 
solution in microscopic needles (4-29 g.), m. p. 312° (decomp.) (Found: C, 52-3; H, 5-5; N, 
3-6. Calc.: C, 52-9; H, 5-3; N, 30%). It was anhydrous and had [a]?%;, + 1-5° (c = 0-39 
in water). Scholtz and Koch (ibid., 1914, 252, 513) describe this salt as crystallising from water 
in needles, m. p. 294°; Faltis and Neumann give [a]}® — 7° in 50% alcohol (c = 3-0). 

The whole of the iodide (4-2 g.) was converted into the chloride, which was extremely soluble 
in water and crystallised in silky needles. Without isolation of the solid salt the volume was 
made up to 18 c.c., whence c is approximately 18 and [«],,,, + 57°. This figure is only a very 
approximate one, but it confirms the dextrorotation of these salts in aqueous medium. The 
solution was diluted to 30 c.c., treated with 6-0 g. of sodium hydroxide, and boiled for 90 minutes. 
The solid base which separated was taken up in chloroform, the latter evaporated, and the 
residual base neutralised with n-hydrochloric acid (9-0 c.c.). «-O-Methylisochondrodendrine- 
methine hydrochloride (2-26 g.) separated as a very sparingly soluble salt in tablets, m. p. 299° 
(decomp.), and was optically inactive; a further 80 mg. were obtained from the mother-liquor. 
This salt gave with sulphuric acid a cherry-red colour which turned to indigo-blue on heating 
(Found: C, 63-5; 63-7, 64:0; H, 7-2, 7-0, 6-8; N, 3-9. C, H,,O,N,,2HC1,2H,O requires 
C, 63-2; H, 6-9; N, 3-7%). The base, regenerated through chloroform, sodium bicarbonate 
being used for liberation, crystallised readily and separated from absolute ethyl alcohol 
in stout crystals containing some rods, m. p. 206—207°. Faltis and Neumann give 
m. p. 204—205°. 

The aqueous mother-liquors of the «-methine hydrochloride were strongly dextrorotatory 
(vol. 20 c.c., 1 1 dcm., &s4g,; + 11-7°) and contained the @-methine of Faltis and Neumann. 
Also in agreement with their observations, the crude base isolated as a gum did not give the 
indigo-blue reaction with hot sulphuric acid. 

isoChondrodendrine and Protocuridine.—These bases are isomeric and both give the Millon 
reaction. Identity is precluded, since the bases and hydrochlorides are quite distinct. On 
complete methylation protocuridine gave O-methylprotocuridine methiodide, which formed 
needles, m. p. 318° (decomp.) (King, J., 1937, 1479). The O-methylisochondrodendrine meth- 
iodide described above crystallises in needles, m. p. 312° (decomp.). A careful comparison of 
these salts was made; unfortunately there was insufficient of the protocuridine derivative for 
conversion into another crystalline salt. Both methiodides crystallised from water or methyl 
alcohol in needles of the same appearance and they melted alone or in admixture at 314° (de- 
comp.). Their solubilities also were similar. An aqueous solution of either gave no precipitate 
with ammonium nitrate and immediate amorphous precipitates with aqueous sodium picrate 
and perchloric acid. As a control, O-methylneoprotocuridine methiodide under parallel con- 
ditions behaved quite differently, giving crystalline precipitates with all three reagents. 
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138. The Constitution of Yeast Ribonucleic Acid. Part IV. Syntheses 
of Uridylic and Guanylic Acids, Uridine-5-phosphate and Guanosine- 
5-phosphate. : 


By J. Masson GULLAND and G. Ivan Hospay. 


Syntheses of the 3- and the 5-phosphoric esters of the nucleosides uridine and 
guanosine have been achieved by phosphorylation with phosphorus oxychloride in 
barium hydroxide and dry pyridine respectively. The hydroxyl groups were not pro- 
tected, and the nature of the reagents determined which hydroxyl group of the ribose 
radical was esterified; barium hydroxide in water favoured 3-phosphorylation, dry 


pyridine that at position 5. Phenylphosphoryl dichloride has been investigated as a 
phosphorylating agent. 


THE preparation 9f uridine- and inosine-5-phosphates by phosphorylation in pyridine with 
phosphorus oxychloride was carried out by Levene and Tipson (J. Biol. Chem., 1934, 106, 
113), who used the isopropylidene group to block the hydroxyls in positions 2 and 3 of the 
ribose radicals of the corresponding nucleosides. Bredereck, Berger, and Ehrenberg 
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(Ber., 1940, 78, 269) have just recorded the phosphorylation of 5-tritylcytidine and 2 : 3- 
diacetyladenosine with diphenylphosphoryl chloride in pyridine, whereby they obtained 
cytidine-3-phosphate and a small quantity of adenosine-5-phosphate. Jachimowicz 
(Biochem. Z., 1937, 292, 356), on the other hand, obtained adenosine-5-phosphate in poor 
yield by phosphorylating the nucleoside itself with phosphorus oxychloride in pyridine. 

We have effected the partial synthesis of nucleotides by phosphorylation of the unpro- 
tected nucleosides, relying on variation in the reagents selected to bring about esterification 
of the different hydroxyl groups of the ribose radical? Phosphorylation of uridine by 
phosphorus oxychloride in pyridine yielded uridine-5-phosphate, identified as the brucine 
salt, which had the melting point and specific rotation already recorded (Levene and Tipson, 
loc. cit.). Phosphorylation of uridine with phosphorus oxychloride and baryta, a com- 
bination of reagents not hitherto used in this field, yielded a mixture of uridine-3-phosphate 
and uridine-5-phosphate, which were fractionated as their brucine salts. The salt of uridine- 
5-phosphate was identical with that obtained by phosphorylation of the nucleoside in 
pyridine, and the identity of brucine uridine-3-phosphate with the salt of uridylic acid 
prepared from yeast ribonucleic acid was shown by melting point, mixed melting point, 
and specific rotation. The constitutions assigned to both synthetic nucleotides were 
confirmed by comparison of the rates of liberation of free phosphate from them and from 
uridylic acid in hot n/10-acid; the curves obtained with uridylic acid and uridine-3- 
phosphate were identical, and the 5-phosphate was much more resistant. It is well known 
that the 5-phosphates are less readily hydrolysed than the 3-phosphates, and the curves 
very closely resembled those already published for uridine-3-and-5-phosphates (Levene and 
Tipson, Joc. cit.). The 5-nucleotidase of Russell’s viper venom (Gulland and Jackson, 
Biochem. J]., 1938, 32, 597) did not dephosphorylate either uridine-3-phosphate or uridine- 
5-phosphate. 

Phosphorylation of guanosine in pyridine with phosphorus oxychloride or phenyl- 
phosphoryl dichloride yielded a nucleotide which is regarded as guanosine-5-phosphate by 
analogy with the phosphorylations of uridine just described and of adenosine (Jachimowicz, 
loc. cit.). The yields were very small, probably on account of the poor solubility of guanosine 
in pyridine, but sufficient material was obtained to demonstrate that guanosine-5-phosphate 
is stable towards the 5-nucleotidase of Russell’s viper venom, although readily dephosphoryl- 
ated by purified bone monoesterase (Gulland and Jackson, Biochem. J., 1938, 32, 590). 
Phosphorylation of guanosine with baryta and phosphorus oxychloride or phenylphos- 
phoryl dichloride produced guanosine-3-phosphate, the identity of which with authentic 
guanylic acid from yeast ribonucleic acid was proved by comparisons of specific rotations 
and of rates of dephosphorylation in acid solution, and by an elaborate method of mixed 
melting points of the brucine salts. 

Whilst investigating the use of phenylphosphory]l dichloride as a phosphorylating agent, 
we prepared barium «-glycerophosphate from glycerol. Brigl and Miiller (Ber., 1939, 72, 
2121) have recently described experiments in which diphenylphosphoryl chloride is used as 
a phosphorylating agent. 

We are continuing the phosphorylation of nucleosides, using baryta as the alkaline 
medium, and are investigating phenylphosphoryl dichloride as a reagent for the synthesis 
of dinucleotides and related compounds. 


EXPERIMENTAL. 


Preparation of Uridine.—A mixture of B.D.H. yeast nucleic acid (100 g.), aqueous ammonia 
(80 c.c., d 0-880), and water (420 c.c.) was heated in an autoclave for 3} hours at an internal 
temperature of 140°. When cold, the viscous solution was left overnight in the refrigerator, 
stirred mechanically for some time to transform the precipitate of guanosine into a filterable 
condition, and filtered. The dark brown filtrate was neutralised to litmus with sulphuric acid 
and mixed with 20% lead acetate solution until no further precipitate formed. After some time 
the solid was collected, washed, and discarded, and 20% lead acetate and warm, saturated 
barium hydroxide solutions were added until precipitation was complete; excess of baryta had 
to be avoided. The bulky, yellowish-white precipitate of the lead salts of adenosine, cytidine 
and uridine was collected, washed thoroughly with cold water, and triturated with cold dilute 





748 Gulland and Hobday : 


sulphuric acid until the solution was acid to Congo-red paper. After filtration, the precipitates 
of lead and barium sulphates were washed with water, and the combined solutions were shaken 
with barium carbonate until neutral in reaction, the barium sulphate and excess of carbonate 
being collected and washed. The combined solutions were evaporated to dryness under reduced 
pressure at 50°, and the viscous residue (25 g.) was dissolved in warm water (120 c.c.), mixed with 
potassium nitrite (60 g.), cooled in ice, mixed with glacial acetic acid (50 c.c.), and left overnight 
in a covered vessel. The mixture was diluted to 300 c.c., stirred mechanically, and neutralised 
by the addition of successive small quantities of barium carbonate. Excess of 20% lead acetate 
solution was added and the mixture was filtered. Warm barium hydroxide solution was added 
to the filtrate until a permanent precipitate was formed, and then lead acetate and baryta 
solutions were added alternately until precipitation was complete; excess of baryta had to be 
avoided. The lead salts of inosine and uridine were collected, washed thoroughly, decomposed 
by trituration with dilute sulphuric acid until acid to Congo-red, and filtered, the precipitate 
being again treated in a similar way. The three aqueous filtrates were combined, neutralised 
with barium carbonate, filtered, and concentrated to 25 c.c. at 40° under reduced pressure. 
Methyl alcohol (150 c.c.) was added, and after remaining overnight in the refrigerator, the 
solution was filtered from the inosine which had separated. The filtrate was concentrated under 
reduced pressure, and the syrup kept in an evacuated desiccator in presence of phosphoric oxide. 
After some days the gum crystallised when stirred with absolute alcohol, and the uridine was 
collected, washed with a little absolute alcohol, and crystallised from 95% alcohol. It formed 
large needles (6 g.), m. p. 163—164°. 

In this preparation, it was essential that the lead acetate and barium hydroxide and carbonate 
were of analytical (A.R.) purity as otherwise great difficulty was experienced in crystallising the 
gum of crude uridine. These precautions have been adopted throughout the whole of the work 
now described. 

Preparation of Natural Uridylic Acid.—Cytidylic acid was deaminated as described by 
Bredereck (Z. physiol. Chem., 1934, 224, 79), the uridylic acid being isolated as the brucine salt, 
which formed colourless needles, m. p. 179—181° with frothing and charring at 215°. It had 
[a]?” —55-0° in dry pyridine (c 1-00); Levene and Tipson (J. Biol. Chem., 1934, 106, 113) 
give [a]?° —55-9° in the same solvent. 

The barium salt was prepared by extracting with chloroform a solution of the brucine salt 


in dilute aqueous ammonia, evaporating the aqueous layer to dryness under reduced pressure 
after the addition of a slight excess of baryta, dissolving the residue in warm water, precipitating 
the excess of barium with carbon dioxide, and concentrating the solution to small volume 
under reduced pressure. Barium uridylate separated in colourless needles (Found: N, 6-0; 
P, 6-8; Ba, 30-0. Calc. for CgH,,O,N,PBa: N, 6-1; P, 6-8; Ba, 29°9%). 


Phosphorylation of Uridine. 

(i) Phosphorus Oxychloride and Pyridine.—Pyridine was dried by the distillation over barium 
oxide of a sample which had previously been treated with solid potassium hydroxide. Phos- 
phorus oxychloride was freshly distilled before use. 

Anhydrous uridine (0-5 g.) was dissolved in warm dry pyridine (20 c.c.), and the solution was 
stirred mechanically and cooled to —20° whilst being protected from moisture. Phosphorus 
oxychloride (0-2 c.c.; 1-1 mols.) in dry pyridine (5 c.c.) was added slowly during 15 minutes to 
the stirred solution, which was maintained at —20° for 1 hour and at —10° for a further period 
of 1 hour. Aqueous pyridine (1:1; 10 c.c.) was added during 15 minutes to the bright red 
solution at —30°, and the solution was then removed from the cooling bath, left for 15 minutes, 
and mixed with ice-water (50 c.c.). The clear solution was shaken with silver sulphate until 
free from chloride, filtered, saturated with hydrogen sulphide to remove excess of silver, filtered 
through charcoal, aerated to remove hydrogen sulphide, and mixed with barium hydroxide 
solution until just alkaline to thymolphthalein. The precipitated barium phosphate was 
collected, and the solution evaporated to dryness under reduced pressure below 40° to remove 
pyridine. The white residue was dissolved in a little water, freed from excess of barium with 
carbon dioxide, filtered, concentrated to small volume, and poured into alcohol (4 vols.). The 
precipitated uridine-5-phosphate (50 mg.) was centrifuged, washed with alcohol and ether, and 
dried (Found : P, 6-8; Ba, 29-0. Calc. for C,H,,0,N,PBa: P, 6-8; Ba, 29-9%). The brucine 
salt was prepared by adding to the aqueous solution of the barium salt that volume of dilute 
sulphuric acid required to precipitate the barium exactly, centrifuging the solution, neutralising 
exactly with alcoholic brucine solution, and evaporating to dryness under reduced pressure at 
35°. The residue of brucifie salt crystallised from 30% aqueous methyl alcohol in small, 
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colourless needles, m. p. 163—164° and decomp. with frothing at 198—200°, which dissolved in 
cold pyridine. Levene and Tipson (J. Biol. Chem., 1934, 106, 113) describe brucine uridine-5- 
phosphate as colourless crystals which soften at 163—165° and melt with foaming at 200°. 

(ii) Phosphorus Oxychloride and Baryta.—Phosphorus oxychloride (7-6 g.) in ether (10 c.c.) 
was added in five portions during 15 minutes to uridine (2-0 g.) and powdered barium hydroxide 
(38 g.) shaken at 0° with water (25 c.c.) in a bottle containing agate balls. After the addition, 
shaking was continued for 2 hours at 0° and the solution was filtered; the residue was extracted 
with boiling water (100 c.c.) to remove all nitrogen and organically combined phosphorus, 
and then discarded. The united aqueous solutions were cooled in ice, mixed with a slight 
excess of sulphuric acid to remove all barium as sulphate, filtered, treated with successive small 
quantities of silver sulphate to remove chloride, filtered, freed from silver with hydrogen sulphide, 
filtered through charcoal, and aerated to remove hydrogen sulphide. The solution was almost 
neutralised with barium hydroxide and then shaken with barium carbonate and filtered, the 
residue extracted with warm water, and the neutral aqueous filtrates evaporated to dryness at 
40° under reduced pressure. The residue was dissolved in warm water (20 c.c.), filtered from a 
little insoluble material, and poured into acetone (5 vols.). The precipitated barium salts 
(0-5 g.) were centrifuged, washed with alcohol and ether, and dried (Found: N, 6-1; P, 6-8; 
Ba, 29°5. Calc. for CjH,,O,N,PBa: N, 6-1; P, 6-8; Ba, 29-9%). This material proved to be 
a mixture of the barium salts of uridine-3- and -5-phosphates and fractionation was effected 
through the brucine salts. The mixed barium salts (0-4 g.) were dissolved in warm water and 
freed from barium by the addition of the exact volume of sulphuric acid. After being centri- 
fuged, the solution was neutralised to litmus by the addition of alcoholic brucine solution and 
evaporated to dryness under reduced pressure. The residue was dissolved in warm 33% 
aqueous methyl alcohol (30 c.c.) and when the solution was allowed to evaporate crystals 
separated and were collected. Further evaporation of the mother-liquors yielded a succession 
of crops of crystals with m. p.’s ranging from 175—180° for the first to 160—165° for the last. 

The early crops were combined and recrystallised from 30% aqueous methylalcohol. Brucine 
uridine-3-phosphate was obtained as colourless crystals, m. p. 179—181° and decomp. 215° with 
frothing, showing no depression of the m. p. on admixture with an authentic specimen. In dry 
pyridine it had [a]?” —54-9° (c 0-95). In the same solvent brucine uridylate (ex ribonucleic 
acid) had [a]? —55-0° (c 1-00). The barium salt (Found: P, 6-8. Calc. for C,H,,0,N,PBa : 
P, 68%) was prepared from the brucine salt as described in the case of the natural uridylate. 

The later crops from the first fractionation were combined and purified by recrystallisation 
from 95% alcohol. Brucine uridine-5-phosphate, m. p. 163—164° and decomp. with frothing 
195—200°, separated in colourless needles, which were shown by mixed m. p. to be identical 
with those obtained from the phosphorylaton of uridine in pyridine. It had [a]? —69-7° in 
dry pyridine (c 0-97). Levene and Tipson (loc. cit.) record («]#° —68-8° in the same solvent. 

Rates of Dephosphorylation of Barium Uridine Phosphates.—The dried barium salts were 
weighed accurately, dissolved in water, and mixed with an equal volume of 1-027Nn/5-sulphuric 
acid, barium sulphate being removed by centrifugation. The total phosphorus was estimated 
in an aliquot portion (4-0 c.c.), and other portions were sealed in tubes which were heated by 
total immersion in a boiling water-bath. At appropriate intervals tubes were removed, and the 
free phosphate estimated in samples (4-0 c.c.) by the Bell-Doisy—Briggs colorimetric method. 


A. Barium uridylate (ex ribonucleic acid), 36-80 mg. in 20 c.c. of water and 20 c.c. of sulphuric 
acid. Total P in 4-0c.c. sample, 0-250 mg. P, 6-8% 

B. Barium uridine-5-phosphate (phosphorus oxychloride in pyridine), 35-00 mg. in 20 c.c. of 
water and 20 c.c. of sulphuric acid. Total P in 4-0 c.c., 0-238 mg. P, 6-8%. 

C. Mixed barium uridine-3- and -5-phosphates (phosphorus oxychloride in baryta), 46-00 mg. 
in 20 c.c. of water and 20 c.c. of sulphuric acid. Total Pin 4-0c.c.,0-315 mg. P, 68%. 

D. Synthetic barium uridine-3-phosphate (phosphorus oxychloride in baryta), 17-90 mg. in 
15 c.c. of water and 15 c.c. of sulphuric acid. Total P in 4-0 c.c., 0-160 mg. P, 6-7%. 


A, % B, % C, % D, %, 
P, mg. -hydrol. P, mg. hydrol. P, mg. hydrol. P, mg. hydrol. 
0-040 16-0 0-005 2-1 0-031 : 0-026 15-6 


— — — — —_ 0-040 25-0 
0-073 29:2 0-012 5:0 0-062 . — pe 
— — 0-082 . 0-065 40-6 
0-105 42-0 0-019 8-0 as jas i 
0-180 76-0 0-055 23-1 0-160 
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5-Nucleotidase and Uridine-3- and -5-phosphates.—Barium was precipitated with sodium 
sulphate from a solution of the mixed barium salts (20-383 mg.), and the resulting solution 
(5 c.c.), Pq 8-6 borate buffer (5 c.c.), and Russell’s viper venom (10 mg.) were mixed and incubated 
at 37°, samples (2-0 c.c.) being taken. No liberation of phosphate occurred in 48 hours. 


Phosphorylation of Guanosine. 

(i) Phosphorus Oxychloride and Pyvridine.—Phosphorus oxychloride (0-55 g.; 1 mol.) in 
anhydrous pyridine (5 c.c.) was dropped during 15 minutes into a vigorously stirred suspension 
of guanosine (1 g.), previously dried at 110°/0-5 mm., in an apparatus protected from moisture ; 
guanosine was insoluble in pyridine and solution was not improved by previous heating. The 
mixture of reactants was stirred at 0° for 2 hours, mixed gradually with ice-cold 50% aqueous 
pyridine (10 c.c.) during 30 minutes, and then with ice-water (40 c.c.). The solution was rendered 
alkaline to thymolphthalein with a saturated solution of barium hydroxide and the precipitate 
was centrifuged. The centrifugate contained no organically combined phosphorus, and only 
unchanged guanosine was recovered from it. The precipitate was extracted five times with hot 
water (75 c.c.) until the white residue gave negative tests for purine (murexide) and pentose 
(phloroglucinol—hydrochloric acid). The combined extracts were neutralised with acetic acid 
and mixed with 20% lead acetate solution. The lead salt was collected, washed, decomposed 
by hydrogen sulphide in hot water, and the solution evaporated to dryness below 40°. The 
white residue was dissolved in hot water (2 c.c.) and, as it did not crystallise on cooling, was 
precipitated by the addition of acetone (30 c.c.), collected, washed with alcohol and ether, and 
dried. Guanosine phosphate (12 mg.) decomposed at 180—200° (Found: P, 8-6. C,,.H,,0,;N;P 
requires P, 8-5%). It gave positive tests for purine and pentose, contained neither inorganic 
phosphate, barium nor chloride, and when precipitated from its acid aqueous solution with lead 
acetate solution, the filtrate gave no precipitate with basic lead acetate, showing the absence of 
guanosine. : 


The results of experiments at —20° and —10° were similar, the yields of nucleotide being 
slightly lower. 

(ii) Phenylphosphoryl Dichloride and Pyridine.—Phenylphosphoryl dichloride (0-40 g.) in 
dry pyridine (2 c.c.) was added gradually to dried guanosine (0-5 g.) in dry pyridine (30 c.c.) 
cooled at 0° and stirred as before. After 2 hours the mixture was cooled to —15°, mixed 
gradually with 50% aqueous pyridine (10 c.c.) and then with a slight excess of barium hydroxide 
solution. The copious precipitate was collected and washed; the filtrate, which gave strong 
positive tests for free phenol, yielded only guanosine (30 mg.). The precipitate was dissolved 
in hot water, and the solution filtered from a little barium phosphate, neutralised with acetic 
acid, mixed with 20% lead acetate solution, and filtered whilst hot. The insoluble lead salt was 
washed with hot water, decomposed by hydrogen sulphide, and the solution concentrated to 
5—10 c.c. below 35°, poured into alcohol (5 vols.), and placed in the refrigerator. Next day the 
precipitate of guanosine phosphate (10 mg.) was collected and washed with alcohol (Found: 
P, 8-5%). It gave positive tests for purine and pentose, and contained neither free phosphate 
‘nor free or combined phenol. 

Addition of ammonia to the filtrate from the neutral lead acetate precipitation yielded a 
heavy precipitate from which guanosine was recovered. 

Prolongation of the period of phosphorylation to 4 hours did not improve the yield. 

Guanosine-5-phosphate. The nucleotide fractions from the phosphorylations in pyridine 
were combined and purified by conversion into the lead salt with neutral lead acetate solution, 
followed by regeneration with hydrogen sulphide. The resulting solution was concentrated 
and poured into acetone. Guanosine-5-phosphate was a white amorphous powder which did not 
crystallise and was sparingly soluble in cold water (Found in material dried at 110°: P, 8-5. 
C,9H,,0,N,P requires P, 85%). A mixture of nucleotide (3-0 mg.), previously dissolved in a 
little sodium carbonate solution, m/10-magnesium sulphate (0-25 c.c.), pg 8°6 borate buffer 
(2-5 c.c.), and*purified bone phosphomonoesterase solution (1 c.c.) was diluted with water to 
4c.c. and incubated at 37°. After 24 hours 80% dephosphorylation had occurred. When a 
mixture of nucleotide (3-0 mg.), dissolved in sodium carbonate solution, Russell’s viper venom 
(5 mg.), and p_ 8-6 borate buffer (2-5 c.c.) was diluted to 5 c.c. and incubated at 37°, no measur- 
able dephosphorylation had occurred after 48 hours. 

(iii) Phosphorus Oxychloride and Baryta.—Phosphorus oxychloride (3-3 g.) in ether (5 c.c.) 
was added to guanosine (1 g.), barium hydroxide (15 g.), and water (25 c.c.), shaken with agate 
balls in a glass bottle at 0° for 2 hours. The alkaline mixture was neutralised to litmus by the 
passage of carbon dioxide, and the solid contents of the bottle were collected and washed with 
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cold water (50 c.c.); the filtrate contained neither free nor combined phosphate and was dis- 
carded. The solid was extracted six times with hot water (75 c.c.), and the combined extracts 
were heated at 100° and mixed with neutral lead acetate solution. The hot liquid was filtered, 
and the residual lead salt washed with hot water (100 c.c.) and decomposed with hydrogen 
sulphide. The filtrate from the lead sulphide contained no chloride and was concentrated to 
small volume and poured into acetone (5 vols.). The precipitated product was purified by 
reconversion into the lead salt with neutral lead acetate, the final guanosine phosphate (0-1 g.) 
being a colourless powder (Found: P, 83%). The yield of nucleotide was not improved by 
prolonging the phosphorylation to 4 hours or by using a solution of the sodium salt of guanosine 
in place of the nucleoside itself. 

(iv) Phenylphosphoryl Dichloride and Baryta.—Phenylphosphoryl dichloride (4-5 g.; 6 mols.) 
in ether (5 c.c.) was added slowly to a stirred mixture of guanosine (1 g.), powdered barium 
hydroxide (7-5 g.), and water (25 c.c.) at 0°. Two hours later carbon dioxide was passed into 
the solution until neutral, and the precipitate was collected; the filtrate contained free phenol. 
The subsequent treatment of the solid followed that described in the experiment using 
phosphorus oxychloride and baryta and yielded guanosine phosphate (10 mg.) (Found: P, 
8-4%). 

iii th alti lll: The combined nucleotide fractions from the phosphorylations in 
baryta were purified by solution in water, precipitation with neutral lead acetate, decomposition 
of the lead salt in hot water with hydrogen sulphide, and concentration of the solution under 
reduced pressure. The colourless guanosine-3-phosphate, which separated decomposed at 
180—200° (Found in material dried at 110°: N, 19-4; P, 8-4. Calc. for C,,H,,O0,N,P: N, 19-3; 
P, 85%). In 2% sodium hydroxide solution it had [a]? —58-0° (c 1-50); Levene and Bass 
(‘‘ Nucleic Acids,” 1931, p. 226, Chemical Catalog Co., New York) give [«]#” —57-0°. The brucine 
salt was prepared by neutralising an aqueous solution of the nucleotide with alcoholic brucine 
solution and recrystallising from aqueous alcohol the crystalline salt which separated ; it formed 
white acicular crystals identical in microscopic appearance with those of authentic brucine 
guanylate. Comparison was made of the melting points of the brucine salts of the natural (A) 
and the synthetic (X) acid and of each of these salts with a mixture of equal amounts of both 
salts, this being the strictest comparison possible by the mixed melting-point method. The 
tubes were immersed in the bath at 200° and the heating was moderately rapid and uniform in 
all three comparisons ; the successive temperatures are those of contraction, turning light 
brown, melting with evolution of gas, and charring. 


x. A. 

(1) 214°, 222°, 228—230°, 235—240° 213°, 222°, 230°, 238—240° 
X +A. A. 

(2) 213, 220, 230—232, 240 214, 222, 230, 238—240 
X +A. x. 

(3) 212, 220, 230, 235—240 213, 221, 230, 238—240 


The rates of dephosphorylation of the natural and the synthetic acid in 0-1Nn-sulphuric acid 
were compared at 100°. A solution of guanylic acid (15-70 mg.) in water was diluted to 25 c.c., 
and the total P content of a sample (2-0 c.c.) was estimated colorimetrically as 1-07 mg., i.e., 
P, 8-5%. Asolution of the synthetic acid (16-65 mg.) was prepared in the same way and 2-0 c.c. 
contained 1-12 mg. P, i.e., P, 84%. 2-0 C.c. quantities of each of these stock solutions were 
mixed with n/5-sulphuric acid (2-0 c.c.) and heated in sealed tubes in a boiling water-bath, 


tubes being removed at appropriate intervals for estimation of their content of free phosphate. 


Guanylic acid. Synthetic acid. 
Hours. P, mg. % oe P, mg. % hydrol. 
1-5 0-42 “0 0-47 42-0 
4 0-727 68-0 0-750 67-0 
9 0-889 83-0 0-940 84-0 
27 1-02 95-5 1-05 94-0 


When plotted, these hydrolysis curves are identical within the limits of experimental error. 
With a view to providing yet further confirmation of the structure of the synthetic guanosine 
phosphate, if such were needed, we had hoped to split off the ribose-phosphate radical and 
convert it into a phospho-osazone, thus proving that the phospho-group does not esterify the 
hydroxyl in position 2. Unfortunately ribose-3-phosphate, prepared from xanthylic acid 
(for literature, see Gulland, J., 1938, 1722), lost its phosphoryl group quantitatively when 
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converted into an osazonie, so that the projected method of confirmation was impracticable. This 
behaviour is analogous to that of glucose-3-phosphate, which loses its phosphoryl group when 
treated with phenylhydrazine (Raymond and Levene, J. Biol. Chem., 1929, 83, 619; 1930, 89, 
479; Josephson and Proffe, Annalen, 1930, 481, 91), unlike glucose-4-phosphate (Raymond, 
J. Biol. Chem., 1936, 118, 375) and glucose-6-phosphate, which form phospho-osazones. 


Phosphorylation of Glycerol. 


Phenylphosphoryl Dichloride and Pyridine.—A cooled solution of phenylphosp horyl dichloride 
(5 g.; 1 mol.) in dry pryridine (5 c.c.) was added slowly to a stirred solution of dry glycerol 
(2 g.) in dry pyridine (25 c.c.), cooled in ice and protected from moisture. After 2 hours water 
(5 c.c.) was added, followed 15 minutes later by a further quantity (50 c.c.). Hot saturated 
baryta solution was added gradually to the stirred solution until it was just neutral to litmus, 
and after remaining overnight in the refrigerator the precipitate was discarded and the filtrate 
evaporated to 30 c.c. under reduced pressure at 40°. The aqueous solution, which was free from 
pyridine, was shaken with small quantities of silver sulphate to remove chloride, filtered, freed 
from excess of silver with hydrogen sulphide, neutralised with baryta solution, and evaporated 
to dryness at 40°. The residue was extracted with water (15 c.c.), and the solution poured into 
acetone (5 vols.), yielding barium a-glycerophosphate (1 g.), which was washed with acetone 
(Found in material dried at 100°: P, 10-2; Ba, 44-5. Calc. for C,H,O,PBa: P, 10-1; Ba, 
44-7%). It contained neither inorganic phosphate nor free or combined phenol. Estimation 
with periodic acid and arsenite (Fleury and Paris, Compt. vend., 1933, 196, 1416; Pyman and 
Stevenson, J., 1934, 448) showed that 95% was a-glycerophosphate. 

Investigation by ad hoc experiments which need not be detailed showed that the initial 
product of phosphorylation is phenyl glycerophosphate and that the phenyl group is labile. It 
can be removed completely from the ester by means of cold, dilute sodium hydroxide solution 
without simultaneous liberation of any inorganic phosphate. 
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139. The Magnitude of the Solvent Effect in Dipole-moment Measure- 


ment. Part II. Resolution of the Solvent Effect into its Contributory 
Factors. 


By Frank R. Goss. 


Analysis of the dielectric polarisation of certain binary mixtures of polar with 
non-polar liquids shows that the solvent effect can be resolved into contributions 
depending on the anisotropy of the electrical field which varies with the shape of non- 
spherical molecules, and on induction effects related to the dielectric constant of the 
liquids and arising both from the reaction field and from permanent dipoles. A linear 
relationship has been established between the field anisotropy contribution and_the 
ratio of the axes of the polarisation ellipsoid which defines the electrical dimensions of the 
molecule. By assuming, in the usual manner, an approximate and average value for 
the atom polarisation, it is possible by a series of formule to rectify the observed 
polarisation in the liquid state for each, in turn, of the three contributions to the 
solvent effect, and so to obtain a corrected value for the polarisation of the liquid. 
This, in conjunction with the value, for the corresponding vapour, obtained by making 
similar approximations concerning the atom polarisation, yields by a suitable relation 
the atom and the orientation polarisations, together with the dipole moment, free 
from any error due to the above approximation. 


AN examination of the dielectric properties of a number of binary liquid mixtures (cf. 
Goss, J., 1937, 1915) has led to the conclusion that the solvent effects, i.c., the amounts 
by which the polarisations of liquids differ from those of the corresponding vapours, 
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can be represented in many cases by the solvent-effect equation (1) and the intercept 
ratio (2) : 


a were pe Se ) ee | 
(Y/Po —U/[W(Z+PavadliPura-U=V. . ~~. QQ) 


Here Pg,, and Po have their usual significance as the distortion and the orientation 
polarisation, of which the true values are assumed to be those of the vapour; Py is 
the partial molar polarisation of the liquid when mixed, at molar concentration ¢,, with a 
non-polar and electrically isotropic liquid such as carbon tetrachloride, the evaluation of 
P, being made by the intercept method; Z and Y are constants characteristic of each 
polar liquid and are calculated by means of expression (1) and appropriate values of P, 
and the dielectric constant of the mixture; they are seen to be intercepts (less Py 4) of the 
curve of Pg, plotted against 1/e on the axes where 1/e has the values 0 and 1 respectively ; 
V is a ratio varying, according to data given previously (loc, cit., Table II, col. 4), from 2-93 
for chlorobenzene to 3-54 for ethyl benzoate, the average value being 3 (the value previously 
used having been recalculated in the light of new experimental data), 

The solvent-effect equation (1) is valid, apart from minor deviations (loc. cit., p. 1918) 
attributable (see below) to anisotropy of the electrical field and which are indeed dependent 
on the dimensions of the molecule: it has been verified in the case of all compounds in 
which hydrogen bonds are absent and for which data are available; these compounds are 
listed in Table I, 

Many authors have made theoretical predictions of the magnitude of this solvent effect, 
and have approached the problems from several angles. An attempt by Cowley and 
Partington (J., 1936, 1184) to adjudicate experimentally between certain of these theories 
led them to conclude that “‘ agreement between the observed and calculated values is 





TABLE I. 
Polarisation constants of carbon tetrachloride solutions at 20°. 


al. Dipole moment. 


calc. 4, 
(7). Vapour, 


2-50 
1-73 
4-38 
1-68 
2-02 
1-94 
2-85 
1-54 
1-05 
1-22 
1-16 
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* From Stuart, “ Molekiilstruktur,” 1934, p. 221. 


fairly satisfactory, although in no case are the experimental data exactly reproduced ” 
(see also Smyth and Walls, J. Chem. Physics, 1935, 8, 557; Thompson, J., 1937, 1051). 
Debye (Phystkal. Z.,1935, 36, 100) has considered the restriction on free rotation of molecules 
in the liquid state, while the effect produced by the shape of the molecule can be accounted for 
on the basis of the theory of Raman and Krishnan (Proc. Roy. Soc,, 1928, A, 117, 589), at 
least in so far as order of magnitude (cf. Mueller, Physical Rev., 1936, 50, 547; Jenkins and 
Bauer, J]. Amer. Chem. Soc., 1936, 58, 2435) and sign (cf. Higasi, Sci. Papers Inst. Phys. 
Chem. Res. Tokyo, 1936, 28, 284; Bull. Inst. Phys. Chem. Res., 1934, 18, 1167; Frank, 
Proc. Roy. Soc., 1935, A, 152, 171) are concerned. The effect due to the mutual inter- 
action of dipoles in close proximity has been discussed for spherical molecules by Onsager 
(J. Amer. Chem. Soc., 1936, 58, 1486). Although none of these theories taken alone would 
appear to afford a rigorous treatment of all the factors contributing to the solvent effect, 
each nevertheless illuminates some aspect of an admittedly formidable problem. The 
empirical interpretation of the solvent effect elaborated in this communication is based on 
the experimental data in conjunction with certain principles which underlie these theories. 

The solvent-effect equation (1) and the intercept ratio (2), when compared for a number 
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of liquids, make it possible to resolve the solvent effect into its component parts, which 
can each be attributed to the manner in which some specific property of the liquid state 
differs from that of the vapour. First, the effect of the inequality in length of the axes of 
the molecules will, owing to the greater proximity of molecules in the liquid, have a greater 
distorting effect on the external field, as is postulated by Raman and Krishnan (loc. cit.), 
and this will.cause a field anisotropy contribution. Secondly, in accordance with the 
theoretical analysis of Onsager (loc. cit.), there will be an enhancement of the polarisation 
due to the field which acts upon the dipole as a result of displacements induced in the 
surrounding medium by the polarisation of the molecule itself. Onsager calls this the 
reaction field, and the effect may be termed the reaction field contribution to the solvent 
effect. Thirdly, there will be the effect arising from the moments induced in the polar 
molecule by other permanent dipoles; this corresponds to the induced moment due to 
Onsager’s cavity field and will be called the induced moment contribution. 

Field anisotropy contribution. Calculations of the anisotropy of the polarisation field 
in a liquid, carried out, amongst others, by Higasi (loc. cit.), indicate that the polarisation 
of the polar components of such binary mixtures as are now being considered is dependent 
on the relative lengths of the axes of the polar molecule regarded as a polarisation ellipsoid ; 
these dimensions are not necessarily identical with those of the axes determined in other 
ways. From a consideration of the solvent effect in typical cases (see data for ethyl bromide 
and chloroform, Figs 1 and 2), and in particular of the deviation of (P_, — Pg,,) from Po 
and of the experimental values of P, from those calculated by the solvent-effect equation 
(1), it is immediately to be seen from Table I, col. 7, that these effects as exemplified by the 
expression P,, — Py., — Po are positive or negative according as the dipole of the sub- 
stance concerned lies along one of the minor axes or along the major axis. This rule is of 
general application and can be employed as the basis for a convenient empirical expression, 
whereas the theoretical considerations developed by Higasi (loc. cit.) and others, while 
indicating a solvent effect of the same order, cannot precisely interpret the experimental 
values, for, as Govinda Rau (Proc. Ind. Acad. Sci., 1935, 1, 498) has pointed out, the 
anisotropic field constants can only be roughly estimated. By the transformation of the 
solvent-effect equation previously carried out (Goss, loc. cit., p. 1918) the ratio Y/e,Po is 
seen from Part I, Table II, to express the ratio K of the dimensions of the polarisation ellipsoid 
of which b, is the polar axis, b, and b, the other axes, and for which some values are given 
in this paper (Table I, col. 9) : 
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This ratio of the molecular axes bears, at any rate to a first approximation, a linear relation 
to the ratio Y /e,P> which may be expressed as in (4). 
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Values of K, given by expression (4) from dielectric data are given in Table I and are 
comparable with the corresponding values of K, derived from Stuart’s optical data (op. cit.) 
in accordance with the expression (3) due to Higasi (loc. cit.). The coefficient K, is the most 
convenient method of expressing the magnitude of the field anisotropy contribution to the 
solvent effect. It is directly related to the structure of the molecules concerned. For 
example, bromobenzene, in which the polar axis is obviously longer than in chlorobenzene, 
has a higher value of K,. It is hoped to give evidence of the precise relationship which 
appears to exist between K, and structure in later communications. 

Although it would seem that no theoretical treatment based on the anisotropy of the 
field can completely express the experimental results obtained for these binary mixtures, 
that of Govinda Rau (loc. cit.) based on the Raman-Krishnan theory gives values which 
are of the correct sign and order of magnitude (see above). His equation for the polarisation 
of the polar component of a binary mixture may be written as 


rar. + PAF wy, (tte (1-2-1 (48) © 





This treatment is based on the assumption that P, is independent of concentration, and it 
cannot be rigorously applied to polarisations calculated by the intercept method (cf. Goss, 
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loc. cit., p. 1916). Govinda Rau points out, too, that the anisotropic field constants ¥,, 
Y,, and © in this equation will vary with the composition of the mixture. The last term 
does not apply over the entire range of ¢ (cf. Goss, J., 1935, 502) for this reason, but it 
is evident from the experimental results that, when different polar components are compared 
in the same solvent at the same value of ¢, this term expresses from a theoretical viewpoint 
the same relationship between structure and polarisation as is given in the equation (4). 

Apparent discrepancies between the experimental values of Ps, and those calculated 
by the solvent-effect equation (1), which are recorded in Part I of this series (Goss, J., 
1937, 1915, Table I) and in this paper (Table II) are of the same signs and relative magnitude 
in each case as the field anisotropy contribution P, — Pg., — Po and are presumably 
associated with the same anisotropy field constants. These constants will vary with the 
concentration of the mixture so that the effect produced cannot be precisely expressed but 
is in general sufficiently small to be neglected without the introduction of any serious error. 

The term of Govinda Rau’s equation which involves ‘YY, depends on the non-polar 
component and is invariably negative. This is in agreement with the experimental data ; 
the values of Pg, for mixtures of polar liquids with anisotropic non-polar liquids (7.e., other 
than carbon tetrachloride) are for identical values of ¢ always lower than those obtained 
with carbon tetrachloride itself, even when the P,, values may not be in this order. This is 
exemplified in the case of the mixture of ethyl bromide and hexane, for which the 
appropriate values are given in Table II and Fig. 1. Here, although P,, for the hexane 
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TABLE II. 
Partial molar polarisations at 20°. 
Ce Pas. Pa. Pa,.* Cy. Pap. Py;. Pa,* Ce. Pas: Pa. Pa,.* 


C,H,Br in CCl, (Das and Roy, C,H,N in CCl, (Earp and Glas- EtBr in CCl, (see Table Ny 
Indian J. Physics, 1930,5, 441); stone, J., 1935, 1720); [Rz]p [Rzlp = 191; Pesa = 



























[Rzlp aS 33-9; Pr a= 35-6. = 41-9; Pr a= 44-0. 0-00000 98 28-2 98 
000000 86 28:2 86 000000 146 283 146 0-01326 96 282 96 
001001 85 283 85 0-03217 137 284 137 0-02255 95 283 95 
002049 84 28-3 84 0-12050 120 30-1 119 0-03601 93 283 93 
004110 83 283 83 0:24647 105 343 104 004647 91 283 91 
004893 82 284 82 0-38850 95 39-1 95 008538 86 286 87 
006420 82 284 82 0-53670 90 432 90 0-12218 83 29-1 83 
007837 81 285 81 067462 88 462 88 0-23730 73 31 13 
008770 80 286 80 0-83162 87 49 87 055515 59 40 59 
0 1098 79 8629 79 0-95452 87 51 87 0-79674 56 46 56 


100000 86-7 52 86-7 100000 553 53 | 55:3 


: Pr8,0 in CCl, (Earp and Glas- pom CCl, (sce Table IV) 
i ‘ ‘ stone, J., 1935, 1709); [Rz]p 3 in « (see Table : 
1-0000 62 8 43 62 8 == $]- = Pass on 33-3. [Rilp = 21-4; Pg+a = 22-5. 
Ps,.* 0-00000 76 
EtBr in C,H,, (Smyth and Mor- 0-06916 75 
gan, J. Amer. Chem. Soc.,1928, 0-15477 74 


28 76 0:00000 49-9 28-2 49-9 
28 
28 
50, 1547); Pra (hexane) 0-26390 73 28- 
= 28-9. 29 
29 


75 001308 49-7 28:2 49-7 
73 0-02441 49:5 28-2 49-5 
72 003582 493 28-2 49-3 
70 0-06035 49-0 28-2 48-9 


3 

4 

5 

7 

0-40649 72 1 
“5 69-3 011545 48:5 283 48-1 

3 

1 

2 

5 


00000 100 293 29-3 0-50208 71°5 
0-0309 97 29-4 29-5 0-65893 70-8 30- 
0-0783 92 29-7 29-8 0-80056 70-4 . 


69-2 0-16822 48:0 28-4 47-4 
69-4 0-33779 47-0 28-7 45-5 


31 
. . . ,. . 6-0 29: 44-1 
| BE EB & ce Rist St see gt er st 
05073 64 39 39 100000 44-8 33:0 448 
| 0-7188 58 49 49 Ps,.* 
1-0000 54:3 67 67 CHCl, in CoH a sh Pr,.* 
j 7 ‘ - 
Teas Tra) : (hemans} a lei CoH,Cl in CJHy (Smyth and 
Parra eT ETB = 27-3. 0-0000 50-1 29-3 29-3 Morgan, loc, cit); Pasa 
0-00000 180 27-7 27-7 0-0517 49-7 29-3 29-4 (hexane) = 28:9. 


0-04599 160 28 28-3 0-1277 49-2 29-4 29-6 0-0000 83 29-3 29-3 
0-12911 133 30 29-9 0-2862 48-2 30 30-1 0-1068 79 29-5 29:8 







0-33234 95 40 40 0-4953 470 31 31-6 0-2132 75 30-6 30-6 
0-55818 74 56 56 0-6856 46:0 32 34 0-3798 70 33 33 
0-82135 66 74 74 0-7803 45-6 34 36 0-6458 65 38 38 

L 100000 63-9 84 84 1-0000 44-7 39 42 1-0000 61-8 48 48 





* Calculated by (1). 
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solution is higher than that for carbon tetrachloride, the values of Pg, for the former are 
for the same values of ¢, always lower than for the latter. In the same way, values of Ps, 
for the non-polar components of the binary mixtures are above or below the average values 
calculated in accordance with the solvent-effect equation (1) according as the field aniso- 
tropy contribution of the polar component is negative or positive (see Table IT). 

Reaction field contribution. Those parts of the solvent effect which do not depend directly 
on the dimensions of the polarisation ellipsoid of the polar molecule’ are expressed in the 
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two variable terms of the solvent-effect equation (1), the first of which, Z(e — 1)*/(e + 2)*, 
is common to both polar and non-polar molecules, data for binary mixtures containing 
hexane and cyclohexane as well as for carbon tetrachloride and polar molecules being 
included in Table II and Figs. 1—3. This term may therefore be interpreted as. an 
induction effect, Z(e — 1)*/(e + 2)*, associated with the reaction of the electric field to the 
polarisation (cf. Onsager, Joc. cit.) and hence dependent on the volume polarisability 
(e — 1)/(¢ + 2) of the medium. It may be seen that the ratio of this induced contribution 
to the normal distortion polarisation, which may be represented by Z/Pg,,, is related 
to the dimensions of the molecule, the incidence of this reaction field contribution increasing 
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as the polar axis becomes relatively shorter; in fact, by combining equations (2) and (4) 
it is seen that 





K, = 655 — 3:820/(Z + Pesa)/Pusas > + - . (6) 


Induced moment contribution, When allowance has been made for the contributions 
already considered, the remaining part of the solvent effect, which has a finite value only 
in the case of polar molecules, and is expressed by the Y/e term of the solvent-effect equation 
(1), can be attributed to the polarisation induced by the permanent dipoles. It is 
necessarily zero for the infinitely dilute solution and, as already stated, for non-polar 
components. This induced moment contribution forms, however, the largest part of the 
solvent effect in the case of polar molecules, as _ aoe 
can be seen from Figs. 1 and 2. bai ia 

Calculation of dipole moments and elimination "assumed value of Ps for liguid and vapour 
of uncertainty in the atom polarisation value. ethyl bromide. 

These several contributions into which the solvent 6 
effect has been resolved can only be allowed for 

in evaluating dipole moments from solution data 

if Y and Z are obtained for this purpose from the 
experimental values of Ps, by means of the 
solvent-effect equation (1). These constants are 
employed to calculate Po by means of the 
intercept expression (2). This is expressed in (7), 
which is a more exact form of the expression for 

Po given in Part I of this series. 


= Y/3V(Z + Pass)/Pura—2)- + (7) 


Now the moment may be calculated in the usual 
manner. In Table II some new determinations 
of Ps, and Pg, are given, new experimental values 
of P,, and data from the literature being used. 
From this and similar data given in Part I of 
this series, comparative values of the dipole 
moment have been calculated and are included in 
Table I. 

Differences between the moments calculated 
from the liquid and the vapour data have already 98 
been attributed (Goss, loc. cit.) to uncertainty in +10 
the magnitude of the atom polarisation (P,) which Frea/[RxIp- 
has been assessed by Sugden (J., 1937, 1779) at a ; 
mean value of 1-05[R;]p for vapours; it has been * 7% et 108. 
put at the same figure for the liquids in Part lof © Po, on the assumption that 
this series because, by using that value rather than Pasa (vapour)/Pasa (liquid) 
a higher or a lower one, better average agreement [oe 
was obtained between the liquid moments and those for the vapour obtained from the vari- 
ation of polarisation with temperature. Now it is evident that P, cannot always be equal to 
1-05 [Rz]p (cf. Finn, Hampson, and Sutton, J., 1938, 1254) and also that in the comparison 
of vapour and liquid values of the moments in Table I there are certain discrepancies 
which although small are nevertheless quite definite and cannot reasonably be attributed 
to experimental error. As an example the case of ethyl bromide may be taken. Higasi 
(loc. cit., p. 300) has already noted that such a discrepancy may exist in the case of the 
alkyl halides and has suggested that the volatility of these substances may cause an error in 
the measured concentration of the liquid mixtures. However, the measurements for 
ethyl bromide recorded in this paper have been carried out with especial care to avoid such 
an error, and an exactly similar discrepancy has been found for higher and less volatile 
alkyl halides (unpublished observations). Calculations have consequently been made 
to ascertain the manner in which the apparent value of Po varies with a change in the 
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assumed value of P, and it is found, as shown in Fig. 4, that in the case of ethyl bromide, 
as the value assumed for P, increases, Pg increases for the liquid but falls for the vapour 
(data taken from Sugden, J., 1937, 158). Owing to the field anisotropy contribution 
depending on the ’, constant (see equation 5), the value of P,,, for the vapour must be 
greater than that for the liquid by an amount which can only be obtained directly if the 
molecular refraction for the vapour is known (cf. Goss, J., 1933, 1341); if, however, this 
amount is taken as 5% of Pg. on the basis.of known values for non-polar molecules’ (cf. 
Goss, J., 1935, 727) the values of Py.,4, Po, and » can be determined independently of 


any arbitrary assumption as to the value of P,, as exemplified in Fig. 4. The values for 
ethyl bromide are given in Table ITI. 


TABLE III. 
Polarisation of ethyl.bromide (P 4 error eliminated). 
Pp+a- Po. b- 
i, OTE 82-1 1-98 
GIT cisiececccshsecsiceseoer, ( 82-1 1-98 





EXPERIMENTAL. 

Density, dielectric constant, and temperature were measured as previously described (Goss, 
J., 1933, 1343; 1935, 730). 

Purification of Materials.—Carbon tetrachloride. As previously described (Goss., J., 1937, 
1919). 

Chloroform. An “ AnalaR” sample, d?%° 1-4779, was thoroughly washed to remove 
alcohol, dried twice over calcium chloride, and fractionally distilled. The middle fraction which 
boiled at constant temperature had 43%” 1-4889. 

Ethyl bromide. This was shaken with sulphuric acid, then several times with sodium 


carbonate, dried with calcium chloride, and fractionally distilled. The middle portion had 
constant b. p. 


TABLE IV. 
Polarisations at 20°. 

Ethyl bromide and carbon tetrachloride. Chloroform and carbon tetrachloride. 

Ce. €. &. P49. Ce. €. 2. P43. 
0-00000 2-2383 1-5942 28-19 0-00000 2-2398 1-5942 28-22 
0-01326 2-3004 1-5930 29-09 0-01308 2-2606 1-5929 28-49 
0-02255 2-3443 1-5920 29-70 0-02441 2-2791 1-5918 28-73 
0-03601 2-4073 1-5908 30-55 0-03582 2-3006 1-5907 29-01 
0-04647 2-4566 1-5898 31-20 0-06035 2-3398 1-5882 29-50 
0-08538 2-6420 1-5862 33-45 0-11545 2-4367 1-5827 30-66 
0-12218 2-8289 1-5827 35-50 0-16822 2-5294 1-5774 31-69 
0-23730 3-4178 1-5710 40-67 0-33779 2-8683 1-5604 34-97 
0-55515 5-483 1-5335 50-37 0-54269 3-3373 1-5389 38-46 
0-79674 7-501 1-4979 53-94 0-78471 4-025 1-5131 42-07 

. 9-613 1-4617 55-29 . 4-806 1-4889 








Results —The experimental data and the polarisations (P,,) for the binary mixtures 
calculated therefrom are recorded in Table IV. 


The author’s thanks are due to the Chemical Society for a grant. , 
THE UNIVERSITY, LEEDs, 2. [Received, December 5th, 1939.) 





140. Llectrometric Studies of the Precipitation of Hydroxides. Part 
XV. The Amphoteric Nature of Vanadium Tetroxide. 


By H. T. S. Britron and GEORGE WELFORD. 


Electrometric evidence has been obtained which shows that quadrivalent vanadium 
exists in hydrochloric and sulphuric acid solutions as vanadyl] salts, VOC], and VOSQO,. 
The vanadyl ion, VO", does not react in solution with strong acids to form salts of the 
type VCl,. Vanadyl hydroxide is precipitated between py 4 and 5. With excess of 
alkali, vanadites, e.g., Na,O,2V,O, are formed. 
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BRITTON (J., 1934, 1842) described a glass-electrode titration curve of a sulphuric acid 
solution of vanadyl sulphate with sodium hydroxide, which supplied evidence of 
the existence of the vanadyl ion, VO". The curve also indicated that free alkali did not 
pass into the solution until slightly more than sufficient to corivert the vanadyl sulphate 
into vanadyl hydroxide had been added. Vanadyl hydroxide, on first precipitation, is 
greyish-white but it becomes dark brown as precipitation proceeds, and this, coupled with 
the extreme ease with which it suffers aerial oxidation to the quinquevalent stage, was 
considered to account for the delayed end-point, although the titration was carried out in 
an atmosphere of hydrogen. It was therefore considered that vanadyl hydroxide possesses 
no acidic properties, especially as it did not dissolve when an excess of alkali was added. 

The present work, however, shows that both the colour change and the delayed end- 
point result from the formation of a sparingly soluble sodium vanadite. The acidic nature 
of vanadyl hydroxide can best be demonstrated by rapidly adding sodium hydroxide to a 
vanadyl salt, whereupon the vanadyl hydroxide dissolves as soon as a small excess of 
alkali is added, forming a clear red solution, from which on standing a black crystalline 
sodium vanadite, Na,O,2V,0,,xH,O, is deposited (Crow, J., 1876, 30, 453; Koppel and 
Behrendt, Z. anorg. Chem., 1903, 35, 154). 

With the aid of hydrogen electrode and conductometric titrations of alkali vanadite 
solutions and of quadrivalent vanadium solutions in sulphuric and hydrochloric acids, 
definite information regarding the amphoteric nature of vanadyl hydroxide has been 
obtained. 

EXPERIMENTAL. 


Solutions of quadrivalent vanadium were obtained by reducing hydrochloric and sulphuric 
acid solutions of vanadium pentoxide by shaking with mercury (McCay and Anderson, J. Amer. 
Chem. Soc., 1922, 44, 1018); after an hour reduction was complete, and, on filtering off the 
mercurous chloride or sulphate, clear blue vanadyl] salt solutions remained. Owing to the fact 
that mercurous sulphate is somewhat soluble, it was necessary to add the exact amount of 
hydrochloric acid to convert it into calomel in order to remove the mercury from the solution. 
The method is quantitative, but in general, the reduction of sulphuric acid solutions of vanadium 
pentoxide by sulphur dioxide was preferred in the preparation of vanadyl sulphate solutions, 
the excess of sulphur dioxide being driven off by boiling. 

Fig. 1 gives the electrometric curves at 25° of vanadium tetroxide in the presence of sufficient 
acid to convert it into VR,, R being Cl’ or $SO,”. In dilute quadrivalent vanadium solutions 
the hydrogen electrode gave quite satisfactory and reproducible pg values, there being no 
indication of any reduction to tervalent vanadium. The hydrogen not only served the 
electrode, but its passage through the solution kept this thoroughly agitated and also supplied 
the necessary inert atmosphere. Curves A (100 c.c. of 0-0025m-V,O, + 0-02N-HCI titrated with 
0-4n-NaOH) and B (100 c.c. of 0-0025m-V,0, + 0-02n-H,SO, titrated with 0-4n-NH,OH) have 
two distinct sections in the acid range. The first section is that of the neutralisation of the 2 
equivs. of acid (per atom of vanadium) which appears not to unite with the vanadyl tetroxide, 
whereas the second refers to the precipitation of hydrated vanadium tetroxide from the vanadyl 
salt, viz., V(OH),R, or VOR,. Precipitation Began when the solutions had reached approx- 
imately pg 4, i.e., soon after 2 equivs. of alkalihad been added. When 4 equivs. had been added 
the precipitate had changed from greyish-white to a dark brown, and also the mother-liquor, 
instead of becoming colourless, which would have occurred if all the quadrivalent vanadium 
had been precipitated as the hydroxide, had assumed a red coloration. Tests were carried out 
to ascertain whether any oxidation had occurred, but they proved negative. As the curves 
show, the solutions did not become alkaline, even when ammonium hydroxide was used, until 
slightly more than 4 equivs. of alkali were added, despite the fact that no oxidation had taken 
place. Except for the red colour imparted to the mother-liquor, the precipitates did not dissolve 
appreciably when the excess of alkali was increased. The curves A and B refer to the pg values 
immediately set up; if longer times were allowed to elapse before measurements were taken, the 
final inflexion slowly receded to the line representing the amount of alkali necessary to convert 
the vanadium tetroxide into an alkali vanadite, Na,O,2V,0,. 

The conductometric curves C, D, and E (C, 100 c.c. of 0-01mM-V,O, + 0-08N-H,SO, 
titrated with 1-6n-NaOH; D, as in C but titrated with 1-6n-NH,OH; E, 100 c.c. of 
0°0025m-V,O, + 0-02n-HCI titrated with 0-4nN-NaOH), which represent titrations carried out in 
an atmosphere of oxygen-free nitrogen, confirm that (i) vanadium tetroxide reacts as a base, as 





760 Electrometric Studies of the Precipitation, etc. Part XV. 


VO(OH),, to form vanadyl sulphate and chloride, for the first branch of each of the 
three curves corresponds very closely to the neutralisation of free acid, and (ii) the attack 
of the alkali continues after 4 equivs., the amount required to precipitate VO(OH),, have 
been added. After the alkali which has combined reaches the quantity required by the 
formula Na,O,2V,0,, no further reaction occurs and the extra alkali merely passes into 
the solution. This is shown by the final slopes of C and E being identical with those 
indicated by the broken lines shown above the titration graphs. They represent the theoretical 
increases in specific conductivity caused by excess of alkali produced by the respective 
titrants. The intersections of the “ salt lines ” labelled (NH,),SO,, Na,SO,, and NaCl with the 
conductometric graphs at the points corresponding with the addition of 4 equivs. of alkali show 
that initially vanadyl hydroxide was precipitated. The broken lines which run almost parallel 
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with the first section of the three !graphs represent the specific conductivities caused by the 
mixture of free acid, calculated on the assumption that only 2 equivs. of acid can react with each 
VO(OH),, and the sodium salt formed as the result of the neutralisation of some of this acid. 
The difference in the specific conductivities indicated by the experimental graph and the 
respective broken lines must therefore refer to the specific conductivities of the vanady] salts 
present in the solutions. For instance, in the conductometric titration shown by E the initial 
specific conductivity was 5-09 x 10-* mho; if the 2 equivs. of hydrochloric acid in excess of the 
amount required to form vanadyl chloride, VOCI,, were present in the solution, it would set up a 
specific conductivity of 4-12 x 10°* mho; whence it follows that the specific conductivity 
produced by the vanadyl chloride is 0-97 x 10 mho, i.e., corresponding with an equivalent 
conductivity of 92. On addition of 2 equivs. of sodium hydroxide, thus neutralising the free 
acid, the conductivity fell to 2:26 x 10-* mho, the sodium chloride formed being responsible for 
1:16 x 10-* mho, showing that the specific conductivity to be attributed to the vanadyl chloride 
is 1:10 x 10% (A= 112). This increase in conductivity from 0-97 x 10-* to 1:10 x 10°, 
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resulting from the neutralisation of the free acid, is most probably to be accounted for by the 
increased hydrolysis of the vanadyl chloride. The pg set up by the vanadyl chloride alone was 
3-68; it follows therefrom that the hydrolysis of the salt is approximately 2%, and that the 
specific conductivity caused by the hydrolysed acid is 0-18 x 10-* mho. Hence the specific 
conductivity of the unhydrolysed vanadyl chloride is 0-92 x 10-* mho, which is slightly less 
than that at the beginning of the titration. Similar conclusions are to be drawn from the 
vanadyl sulphate solutions, except that the extrapolated equivalent conductivity of vanadyl 
sulphate is of the order of 40 mhos. It would appear, therefore, that vanadyl chloride is fairly 
well ionised, presumably as VOC], == VO” + 2Cl’, whereas the ionisation of the sulphate is 
considerably less. This does not necessarily suggest that ionisation does not take place according 
to the above equation yielding vanadyl ions, for similar differences are to be seen between the 
ionisation of bivalent metal salts, e.g., copper chloride and sulphate. 

The curves F and G in Fig. 2 represent the back-titrations, followed respectively by the 
hydrogen electrode and conductometrically, of alkaline solutions of sodium vanadite with a 
strong acid; F refers to the titration with n-H,SO, of 100 c.c. of 0-025m-VOSO, + 0-0037N- 
H,SO, to which 12-5 c.c. of N-NaOH had been added rapidly, so as to effect the redissolution 
of the precipitated vanadyl hydroxide; and G refers to a similar titration of 100 c.c. of 
0-01m-VOSO, + 0-00147N-H,SO, + 5 c.c. of N-NaOH. The solutions were initially clear and 
red. The first branch of each of the graphs indicates that free alkali was being neutralised. 
The point at which the minimum conductivity was reached corresponds with an amount of the 
alkali still left in combination with the vanadium tetroxide required by the sodium vanadite, 
Na,O,2V,0,. The completion of the neutralisation of the excess of alkali is also shown at the 
same point in the pg curve by adownwardinflexion. Atthis stage the solution became deep red, 
and as the acid decomposed the vanadite, the solution became almost black and precipitation 
commenced when approximately one half of the vanadite had been decomposed. As the py 
curves show, the acid decomposed the vanadite completely when the stoicheiometric quantity 
was added. The remaining sections of F and G refer to the gradual redissolution of the vanadyl 
hydroxide to form soluble vanadyl sulphate and the introduction of free acid into the solution as 
soon as the necessary 2 equivs. of acid per mol. of VO(OH), had been added. 


The junior author thanks the Senate of University College, Exeter, for the ‘‘ Dawlish ” 
scholarship, and also the Devon County Education Authority for a scholarship. 


WASHINGTON SINGER LABORATORIES, 
University CoLLeGce, Exeter. (Received, April 3rd, 1940.} 





141. Electrometric Studies of the Precipitation of Hydroxides. Part XVI. 
Vanadous Hydroxide. The Nature of Vanadous Chloride and Sulphate 
Solutions. 


By H. T. S. Brirron and GEoRGE WELFORD. 


Vanadous chloride exists in solution as VCl,, whereas in the presence of an excess 
of sulphuric acid, vanadous sulphate appears to form an acid salt, H,SO,,V,(SO,);, or 
possibly a complex acid, HV(SO,),. Vanadous hydroxide is precipitated from both 
chloride and sulphate solutions between py 4 and §. It is not amphoteric. 


TERVALENT vanadium salt solutions are exceedingly readily oxidised by air; never- 
theless, several vanadous salts have been isolated. Whereas the halide salts appear to 
be normal, sulphuric acid gives rise to what is usually regarded as an acid salt, 
H,50,,V_(S0,)s,2H,0. | 

Solutions of these compounds may be conveniently prepared by electrolytic reduction 
of acid solutions of quadrivalent vanadium salts. With smooth platinum, lead, or merc 
as kathode, reduction may proceed as far as the bivalent stage, but it was found that wi 
platinised platinum reduction ceased at the tervalent stage, with formation of vanadous 
salts (cf. Rutter, Z. Elektrochem., 1906, 12, 230). Vanadous salt solutions are brown, 
but on acidification they undergo a characteristic change to green. 

The object of the present work was to follow the changes in py and electrical conductivity 
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which result from the progressive addition of sodium hydroxide to acidified vanadous 
salt solutions in order to ascertain the conditions under which vanadous hydroxide is 
precipitated. 


EXPERIMENTAL. 


Electrolytic Preparation of Vamnadous Salt Solutions.—Acidified vanadyl solutions were 
reduced at a cylindrical platinised platinum kathode placed inside the walls of a glass vessel, 
the capacity of which was about 1200 c.c. A small bright platinum anode was enclosed in an 
inverted bell-shaped glass tube, and this was separated from the katholyte by means of a 
diaphragm of porous pot which was fitted securely into the mouth of the bell. The anolyte 
was a very dilute solution of either hydrochloric or sulphuric acid depending on whether the 
chloride or sulphate was being prepared. The 
complete cell was covered with a tightly 13 
fitting ebonite cap, and nitrogen was bubbled S | 72 
through the katholyte throughout the elec- Ss 
trolysis and an atmosphere of this gas was > 17 
maintained inside the vessel. The progress 
of reduction was followed by the titration, at 
intervals, of portions of the katholyte with 
potassium permanganate, and no solution 
was used until two titrations carried out $ 
hour apart showed that reduction was com- 
plete. Then the solution was siphoned by 
means of nitrogen pressure into a vessel 
previously filled with hydrogen and attached 
to a burette into which the liquid could be 
run as required. 

Electrometric Titrations—For the titr- 
ations, performed at 25°, 100 c.c. of solutions, 
which were 0-005m with respect to V,O, and 
0-06N with respect to hydrochloric or sul- 
phuric acid, were used. These were titrated 
with n-sodium hydroxide both by using the 
hydrogen electrode and also conductometric- 
ally. In the former titrations, every care 
was taken to prevent atmospheric oxidation 
by keeping the liquid in contact with an 
atmosphere of hydrogen, whereas nitrogen 
was employed in the conductometric work. 
The curves obtained are shown in the figure. 
Curves I and II are the hydrogen electro- 
titration curves of the hydrochloric and sul- 
phuric acid solutions respectively, whereas 
III and IV are the corresponding conducto- 
metric titration curves. The solutions 
titrated were so chosen that they contained 4567 89 
an excess of acid equivalent to that required N-NaOH, c.c. 
to form the vanadous salt. Owing to the 
presence of the excess of acid these vanadous salt solutions were initially green, but when enough 
alkali was added (viz., 3 c.c.) to neutralise the excess of acid the solutions became brown. 
Precipitation of vanadous hydroxide did not begin until the vanadous chloride and sulphate had 
undergone appreciable decomposition, to the extents corresponding with V(OH),Cl and V(OH)SO, 
and indicated by arrows in the curves. During the formation of these basic salts in solution the 
solutions became more intensely brown. Vanadous hydroxide separated as a green gelatinous 
precipitate, its formation being complete when the stoicheiometric amounts of alkali had been 
added. The pg curve of the sulphate solution becomes inflected soon after the excess of sul- 
phuric acid has been neutralised, whereas the chloride curve shows that acid was present at 
a later stage as indicated by both the delayed inflection and precipitation, which, however, 
began from both solutions at a pg slightly below 4. 

The conductometric curves show that there was a marked difference between hydrochloric 
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and sulphuric acid solutions initially, and this difference persisted during the neutralisation 
of the excess of acid. The broken lines, marked kgo, and Ky,so,, represent the variation in 
specific conductivity caused by the respective acids present throughout the early parts of the 
reactions, the concentrations of which were computed from the pg values given on the appro- 
priate hydrogen-electrode curve. The broken lines, marked Ky,q, aNd Kysygo,, Show the specific 
conductivities of the sodium salts formed as the alkali was added, whereas the broken lines 
marked Kgo + Kyac: 20d Kgyso, + Knagso, Tepresent the contribution to the conductivity by 
the acid present and the alkali salt formed. It will be observed in both the chloride and the 
sulphate titrations that these curves run almost parallel to the first parts of the actual con- 
ductometric curves; the actual difference in the chloride titration ranging from 2-2 x 10-* mho 
initially to 1-5 x 10-* mho when the excess of acid had been neutralised, whilst the difference 
in the sulphate titration was much less and ranged from 0-6 x 10-* to 0-4 x 10-* mho. 


DISCUSSION. 


Both the hydrogen electro-titration and the conductometric titration show that 
vanadous sulphate is fundamentally different from vanadous chloride as it exists in solu- 
tion. An attempt to obtain a clearer insight into this difference was made by calculating 
the approximate concentrations of free acid present when increasing amounts of alkali 
had been added, the acid being assumed to be completely ionised so that its concentration 
was equal to that of the hydrogen-ion concentration. Although such computations may 
be open to criticism, they do, as results given in the tables show, afford some idea of the 
nature of the solutions. 


Hydrogen-electrode Titration of 100 c.c. of 0-005M-V,O, in 0-06N-HCI with 1-0n- 


NaOH at 25°. 
Total Equivs. of HCl Total Equivs. of HCl 

n-NaOH, HCl, combined per n-NaOH, HCl, combined per 

c.c pu. equivs. atom of V. c.c. Pu- equivs. atom of V. 

0 1-51 6-00 2-91 4-0 2-73 2-00 1-74 

0-8 1-62 5-20 2-71 4-2 2-96 1-80 1-62 

1-6 1-76 4-40 2-57 4:4 3-20 1-60 1-47 

2-4 1-94 3-60 2-37 4-6 3-66 1-40 1-32 

3-0 2-14 3-00 2-19 4-8 3-87 1-20 1-13 

3-4 2-32 2-60 2-04 5-0 3-97 1-00 0-94 

3-8 2-59 2-20 1-86 


The first line of this table shows that in the original solution the excess of hydrochloric 
acid was almost sufficient to repress the hydrolysis of the vanadous chloride, there being 
2-91 equivs. of acid in combination with an atom of tervalent vanadium. As the excess 
of acid was removed by neutralisation the number of equivalents of combined acid became 
less: the composition of the basic vanadous chloride changed from V(OH) 9Cl,.g, to 
V(OH) 9.s:Clg.19 When the 3 equivs. of excess hydrochloric acid had been removed, and to 
V(OH)eo¢Clog4 When precipitation just began. The difference between the observed 
and calculated specific conductivities shown by Curve III must be ascribed to the ionisation 
of the basic chloride present in the solution. 

Somewhat different conclusions are to be drawn from similar py calculations relating 
to sulphuric acid solutions of tervalent vanadium, as shown in the following table. Despite 


Hydrogen-electrode Titration of 100 c.c. of 0-005M-V,O, in 0-06N-H,SO, with 1-0n- 


NaOH at 25°. 
Total Equivs. of H,SO, Total * Equivs. of H,SO, 
n-NaOH, H,SO,, combined per n-NaOH, H,SO,, combined per 
C.e. pu: equivs. atom of V. Cie. pu- equivs. atom of V. 
0 1-69 6-00 3-96 3-0 2-84 3-00 2-77 
0-8 1-87 5-20 3-68 3-4 3-18 2-60 2-45 
1-6 2-10 4-40 3-53 3-8 3-64 2-20 2-20 
2-4 2-48 3-60 3-19 4-0 3-80 2-00 1-91 


the approximate nature of the calculations, the figures in the last column reveal that in 
acid solution more than 3 equivs. of sulphuric acid are in a state of combination with the 
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vanadium ; in the original solution approximately 4 equivs. of acid appear to have com- 
bined to form a compound which, as shown by the difference between the “ theoretical ” 
and the actual conductivity (Curve IV), is but slightly ionised. These proportions cor- 
respond to the acid sulphate, H,SO,,V.(SO,)3, which has been isolated. These consider- 
ations suggest rather that it was a complex sulphate or perhaps a weak complex acid, 
HV(SO,),. The last column shows that this complex sulphate was gradually decomposed 
as the alkali was added, approximating to V,(SO,), when the theoretical excess of acid had 
been removed. Precipitation began when it had been rendered basic and corresponded 
with V(OH)4.99(SO,) oo6- 

Apparently the brown colour of vanadous chloride and sulphate solutions is associated 
with the existence therein of soluble basic salts, and the intensification of the brown colour, 
when alkali is added, is caused by the salts being rendered more basic. The green colour 
of those solutions containing an excess of acid seems to be accounted for by the conversion 
of these basic salts into non-basic vanadous compounds, which in the case of the sulphate 
appears to be of the nature of a weak complex acid. 


One of us (G. W.) thanks the Senate of this College for a ‘‘ Dawlish ’”’ scholarship, and the 
Devon County Education Committee for a scholarship. 


WASHINGTON SINGER LABORATORIES, : 
UNIVERSITY COLLEGE, EXETER. [Received, April 3rd, 1940.] 





142. Physicochemical Studies of Complex Acids. Part XIV. 
Vanadic Acid. 


By H. T. S. Britron and GEORGE WELFORD. 


A series of glass-electrode and conductometric titrations at temperatures ranging 
from 5° to 90° have been carried on an aqueous solution of vanadium pentoxide with 
sodium hydroxide. Back-titrations of more concentrated solutions of alkaline 
vanadate solutions are described. In solution, vanadium pentoxide behaves as a strong 
polyvanadic acid, H,[(V,O,),.,0]. The bivalent anion is relatively stable towards 
sodium hydroxide in the cold but not at elevated temperatures, at which it is suc- 
cessively converted into the anions of the so-called meta-, pyro-, and ortho-vanadates. 
The reverse process with hydrochloric acid is not spontaneous except in hot solutions. 


VANADIC acid was investigated by conductometric titrations and later by glass-electrode 
titrations of alkaline vanadate solutions with hydrochloric acid by Britton and Robinson 
(J., 1930, 1261; 1932, 1955). Solutions of sodium hydroxide and vanadium pentoxide 
in appropriate ratios, boiled before measurements, revealed a distinct similarity between 
the three sodium vanadates and the corresponding trisodium phosphate and the two 
sodium hydrogen phosphates. There is, however, produced a sodium polyvanadate, 
Na,O,(V,05)o5, Which, being not readily decomposed by hydrochloric acid, behaves as a 
salt of a strong acid, the simplest formula of which is H,[(V,0;)2,0]. Vanadium pentoxide 
is sparingly soluble in water and imparts to it a strongly acid reaction, which, as the 
subsequent work shows, can be ascribed to the existence of such an acid. Some pre- 
liminary glass-electrode titrations of exceedingly dilute solutions of vanadium pentoxide 
at elevated temperatures (J., 1934, 1842) seemed to indicate that, with increasing tem- 
perature, vanadic acid becomes a perfectly normal tribasic acid, that its first stage of 
ionisation can be represented as H,VO, == H* + H,VO,’, and that the abnormal poly- 
vanadic acid consequently disappears. The present work, which consists of electrometric 
titrations of solutions of (a4) vanadium pentoxide and (6) alkaline vanadate at a series of 
temperatures ranging from 5° to 90°, shows that, contrary to expectation, the strong 
polyvanadic acid is not decomposed at elevated temperatures and the apparent analogy 
between vaniadic and phosphoric acids is therefore not complete. 
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EXPERIMENTAL. 


The glass-electrode and conductometric titration curves shown in Fig. 1 refer to the neutralis- 
ation of 50 c.c. of 0-00193m-vanadium pentoxide with 0-01158N-sodium hydroxide at the 
temperatures indicated. 

In order to make the py curves directly comparable with one another at the various tem- 
peratures, they are plotted in such a way that the appropriate ordinates are so adjusted that 
they extend over the same ranges of acidity to alkalinity. This would not have been the case 
if all the curves had been plotted with respect to the same pg ordinate, because owing to the 
considerable increase in K, with temperature, the pg range covering the variations from say 


[H"] = 1 to [OH’] = 1 is much greater at 0° than at 100°: at 0° such a range would be indicated 
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by 14-9 p, units, with neutrality at p_ 7-45, whereas at 100° it is represented by 12-2 units, 
with neutrality at pg 6-10. In Figs. 1 and 2 the horizontal scale lines refer to 15° only, and the 
positions of the ordinates at the higher temperatures were ascertained from the appropriate 


values of K,. 
The curves represented by continuous lines refer to the pg values and conductivities which 
were reached at the temperatures only after prolonged standing or almost instantaneously 
after boiling and then cooling. The broken lines indicate the values obtained immediately 
after each addition of alkali and stirring. Both the initial pg Values and specific conductivities 
of the vanadium pentoxide solutions indicate the formation in solution of a strong acid. The 

' curves show that this strong acid is neutralised when 0-4 mol. of Na,O per mol. of V,O, has 
been added, for well-defined inflexions occur in the py curves and “ breaks ”’ in the conducto- 
metric curves marking the end of rapid diminutions in conductivity. It is also significant that 
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during this stage of the neutralisation neither the pg nor the conductivity undergoes any change 
as the result of either boiling or standing. 
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An approximate estimate of the strength of polyvanadic acid, H,[(V,O;),.,0], existing in 
aqueous vanadium pentoxide solutions may be obtained from Table I. The vanadium pentoxide 


A. . . . Ta’. 
176 252 
259 , : 350 
392 : S 464 
488 e \° oup 
590 ° 0-71 -- 


is regarded as 0-000772M-H,[(V,O;),.,0]. The equivalent conductivities (col. 3) were calculated 
by assuming the acid to ionise into 2H" + [(V,0,),.,0]”. The degree of ionisation, a, was 
estimated from the ~, value and by combining « with the data given for A, A, was calculated. 
Using the values of Jy., an estimate was thereby made of the ionic mobility, ~, of the assumed 
bivalent anion. Although these calculations are necessarily approximate, the magnitude of 
the ionic mobility at the temperatures recorded suffices to show that the anion is a true rather 
than a colloidal ion. This view is confirmed by a consideration of the equivalent conductivity 
of the sodium salt, Na,O,(V,O,)».;, formed in the course of the neutralisation at 25° and denoted ' 
by the first “ break ’’. The equivalent conductivity is 131 mhos. Assuming the salt to be 
completely ionised and taking ly,. = 50, we have J, = 81. 
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During the addition of alkali corresponding with 0-4—1-0 mol. of Na,O per mol. of V,O,, 
another distinct stage in the neutralisation of vanadic acid occurs, as may be seen by the in- 
flexions and breaks in the continuous curves. The attack of the alkali on the complex poly- 
vanadate anion is so slow that if the solutions are not allowed to stand or are not boiled, they 
readily acquire high pg values and conductivities, as shown by the broken lines. These 
approach the continuous lines as the temperature is raised, and, in fact, coincide at 90°. 

The solutions represented by the broken lines are yellow, whereas those indicated by the 
continuous lines gradually become less yellow as the amount of alkali is increased from 0-4 to 
1-0 mol., whereupon they become quite colourless. It would appear that the polyvanadate 
ion is yellow, whilst the anion, probably H,VO,’, arising from the salt formed by the complete 
interaction of 1 mol. of each oxide (viz., either NaH,VO, or NaVOQ,) is colourless. Represented 
in the simplest way, the equilibrium involved in the second stage of the neutralisation is 
*H,0 + O(V,0,),-5" == 5H,VO,’ + 3H" 
or perhaps 

13H,O + O,(V,0,),”" == 10H,VO,’ + 6H’ 


On the assumption that the law of mass action governs the conversion of the polyvanadate 
ion into the simpler ion, the former equilibrium requires 


K= (H,VO,}°(H'}?/ [V205)2- 30] 
The values of K, expressed as — log K or pg, in Table II, have been calculated for three 
stages in the neutralisation from the py values, viz., at each successive quarter of the total 
amount of sodium hydroxide required to complete the conversion. 


TABLE II. 
Temp. 15°. 53°. 


— pails a 
Titrations. NaOH. pu. Pr: . Px: 3 pr. 
I. 


50 C.c. of 0-00193m-V v0 Se 5:54 29-5 . 26-9 25-2 


5-88 28-8 26-1 . 24-4 


II. 


50 C.c. of 0-0386m-Na,VO, [—- -=— aeelcae le 
es ao 075 660 254 630 233 467 239 475 202 

The values of px in both titrations I and II at the different temperatures show that the 
conversion of (V,O;),.,0” into H,VO,’ does not strictly follow the mass law, except perhaps in 
a qualitative sense. As will be seen from a comparison of the data referring to titrations I 
and II, the value of K increases with the concentration of the reactants. The increase in the 
value of K with temperature is, however, apparent. This is also reflected in the relative 
positions of the second stage of the pg curves, so much so that it is easy to see why the pre- 
liminary glass-electrode titration of vanadium pentoxide solution (loc. cit.) seems to point to 
the disappearance of polyvanadic acid at elevated temperatures. Although small, the py, 
curve at 90° is definitely inflected, but it is more clearly seen that a strong polyvanadic acid 
exists in the 89° conductometric titration. 

The addition of the second equivalent of alkali, being the amount required to convert 
NaH,VO, into Na,HVO,, is marked in the conductometric curves, except the one at 89°, by 
small “‘ breaks ”, but owing to the low concentrations employed, the py curves do not give the 
corresponding inflexions. If the two vanadates exist in solution in the form of the simple 
acid vanadates (cf. NaH,PO, and Na,HPO,), then the equilibrium involved faring the addition 
of the second equivalent of sodium hydroxide may be represented as H,VO,’ => H" + HVO,”, 
and Table III gives the values of K = [H"][HVO,”)/[H,VO,’] as calculated from the py values. 


TaBLE III. 


Temp. 15°. 53°. 
Ca, 
NaOH, equivs. pu. Pr- > Pr- 
8-16 
8-15 
8-04 
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At each of the temperatures, the pg values are approximately constant, although they tend to 
become smaller as more Na,HVO, is formed. They also remain sensibly constant with increase 
in temperature. 

A somewhat surprising property of solutions containing 1 mol. each of the two oxides (cor- 
responding with NaH,VO,) is that, after they have been rendered colourless either by ageing 
or by boiling, they react immediately with alkali to give pg, values and conductivities that 
remain unchanged after subjection to either boiling or ageing. For instance, the pg curve 
inset in Fig. 1 represents a glass-electrode titration of 100 c.c. of 0-0lm-NaH,VO, with 
0-25n-NaOH, obtained by measuring the py values immediately after each addition of alkali at 
18° and also by boiling and cooling to 18° before making the determinations. The effect of the 
increased concentration of the vanadate solution is seen in the well-defined inflexion denoting 
the formation of Na,HVO,. Another effect is on the pg values themselves and the resulting 
values of px. This may be deduced from the following table : 


NaOH, Cquivs. ......cccccccccccoccsees O25 0-50 0-75 
DE ccc cececcsscncrecceseccoescensecncocescces «ED 9-05 9-40 
DE vc cccccdcss coe ccccvecescoseccocccsscccose §6HRG 9-05 8-92 


The values of px are similar in magnitude to those obtained by Britton and Robinson (J., 
1932, 1957). A comparison of this table with Table III shows that the concentration has a 
marked effect in diminishing the dissociation constant of the assumed ion, H,VO,’. This might 
possibly be due to the ions involved being in a polymerised form. On the other hand, the 
spontaneity with which the 1: 1 sodium vanadate, once it is formed in solution, reacts with 
alkali would rather point to the simple character of the H,VO,’ ion. Furthermore, an in- 
vestigation of the specific conductivities recorded in the course of the titrations and plotted 
in Fig. 1, when the salts NaH, VO, and Na,HVO, respectively were formed, leads to equivalent 
conductivities which are somewhat smaller than those of sodium chloride at the corresponding 
dilutions and temperatures. These comparisons, which are given in Table IV, show that if the 


TABLE IV. 
Temp. 5°. 25°. 51°. 69°. 89°. 
Anamvo, SS TT “Espen 65 104 152 195 243 
Be cssviedicbieeisandttokescmcotuds 76 123 201 250 311 
ARERR RATE eae 58 104 164 221 292 
Siti cnsnetthenhcetaininatienthiciiens 15 121 199 247 309 


degree of ionisation of the two sodium vanadates is similar to that of sodium chloride at the 
various temperatures, the ionic mobilities of the assumed ions, H,VO,’ and HVO,”, must be 
lower than that of the Cl’ ion. This might possibly be attributed to the two vanadate ions 
being polymerised in solution (cf. Robinson and Sinclair, J., 1934, 642), although it should be 
remarked that at 26° the equivalent conductivities of NaH,PO, and Na,HPO, at the precise 
dilutions reached in the titration, i.e., when NaH,VO, and Na,HVO, respectively were formed, 
are lower than those of the corresponding vanadates, viz., 85 and 104 mhos compared with 104 
in the two cases. 

The final stage of the ionisation of vanadic acid, viz., HVO," —-> VO,'” + H’, is not clearly 
indicated by the py and conductometric curves in Fig. 1. This is no doubt largely caused by 
the very dilute solution of vanadic acid which had, of necessity, to be employed. This stage 
is, however, shown in the back-titrations of alkali vanadate solutions of higher vanadium 
concentration. In Fig. 2, which illustrates the changes at various temperatures which occur 
when 0-1158N-HC] is added to 50 c.c. of a solution of 0-0386m-Na,VO,, the stages corresponding 
with the formation of Na,HVO,, NaH,VO,, and Na,O,2-5V,0, are well-defined, and this is 
particularly the case with the broken lines which lie in the lower portion of the conductivity 
diagram. They represent the effect obtained by deducting the specific conductivities, due to 
the increasing amounts of sodium chloride produced as the hydrochloric acid was added, from 
the observed specific conductivities. Another point which is more clearly shown in Fig. 2 
than in Fig. 1, owing to the necessarily dilute solutions to which Fig. 1 refers, is that the strongly 
acid stage, H,O,2-5V,O,, is not destroyed as the temperature is raised. The last stage of the 
titrations, i.e., when once Na,O,2-5V,O, has been formed, corresponds with the introduction 
into the solution of free hydrochloric acid, for the polyvanadate, being the salt of a relatively 
strong acid, is only slowly decomposed by the slightly stronger mineral acid. 

The broken pg curves in Fig. 2 give the py values recorded after each addition of hydro- 
chloric acid.. The solutions immediately assume a yellow colour, which, from the fact that 
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these curves do not overstep the stage caused by the formation of Na,O,2-5V,0,, would suggest 
that some of the colourless vanadate existing in alkaline solution is, in the first place, converted 
into the coloured sodium polyvanadate, which on standing or boiling is eventually converted 
into simpler and colourless vanadate ions, if not more than 2 mols. of hydrochloric acid have 
been added to 1 mol. of Na,;VO,. With increasing temperature these broken curves approach 
more closely the equilibrium curves, and also less intense yellow colorations are produced. 

In both sets of conductivity curves, Figs. 1 and 2, the titration curves at 25° of phosphoric 
acid and sodium phosphate respectively are given, the same concentrations being used as in 
the vanadium titrations. Except for the abnormality in forming the polyvanadate, 
Na,O,(V,O,).5, the phosphoric acid and vanadic acid curves are similar in indicating salts with 
1 and 2 mols. of Na,O per atom of phosphorus and vanadium. 

The very dilute solutions of vanadium pentoxide which can be obtained by prolonged shaking 
are not colloidal, unless the anion involved is such, but ionise as a polyvanadic acid, which in 
its simplest form may be represented as H,O(V,O;),.;. Alkali neutralises it as if it were a strong 
acid, but, in the cold, alkali does not readily decompose the polyvanadate anion, for the solu- 
tions immediately become alkaline. Boiling with alkali, or adding the alkali to hot solutions 
causes Na,O,2-5V,O, to be converted successively into Na,O,V,0,, 2Na,0,V,O,, and 3Na,O,V,0;,. 
On the contrary, hydrochloric acid, when added to a cold solution of the so-called ortho- 
vanadate, 3Na,0,V,0,, does not bring about the reverse process immediately. This occurs 
only at a temperature of 70° and above. Instead, a yellow solution is produced, suggestive of 
the presence of Na,O,2-5V,0,, and moreover, the solution becomes acid as soon as the poly- 
vanadate has been completely formed. 

Although parts of the electrometric curves corresponding with the neutralisation of hot 
solutions of vanadic acid are similar to the comparable parts of phosphoric acid curves, it is 
highly probable that the various vanadate ions are fundamentally different in nature from 
those of phosphoric acid. There is no spontaneity in the change from one vanadate ion to 
another, except the change from the anion present in the 1 : 1 salt to that of the 2: 1 salt and 
thence to that of 3 : 1 salt by the addition of alkali. 


One of us (G. W.) wishes to record his thanks to the Senate of this College for a ‘‘ Dawlish ” 
scholarship and also to the Devon Education Committee for a major scholarship. 


WASHINGTON SINGER LABORATORIES, 
UNIVERSITY COLLEGE, EXETER. [Received, April 5th, 1940.) 





143. Studies in Peroxidase Action. Part II. The Oxidation of 
p-Toluidine. 
By BERNARD C. SAUNDERS and P, JocELyN G. MANN. 


The enzyme peroxidase, derived either from horseradish or from turnips, readily 
oxidises p-toluidine, at room temperature, in the presence of dilute hydrogen peroxide 
at pg 4°5 (dilute acetic acid solution). A red coloration is first produced and then a 
red-brown solid gradually separates. This has been shown to consist of 4-amino- 
2 : §-toluquinonebis-p-tolylimine, 4-p-toluidino-2 : 5-toluquinonebis-p-tolylimine, 
4: 4’-dimethyldiphenylamine, a small quantity of 4: 4'-dimethylazobenzene, 
and very small quantities of 4-amino-2 : §-toluquinone-2-p-tolylimine, 4-p-toluidino- 
2 : 5-toluquinone-2-p-tolylimine, and a trace of a substance of m. p. 167°. 

The action of hydrogen peroxide and ferrous sulphate (in place of the enzyme) on 
p-toluidine dissolved in dilute acetic acid is different from the reaction described above. 
. ote adaptation of Irvine’s filter for the continuous elution of a chromatogram is 

escribed. 


In Part I (Mann and Saunders, Proc. Roy. Soc., 1935, B, 119, 47), an account was given of 
the action of the enzyme peroxidase in the presence of dilute aqueous hydrogen peroxide 
on aniline. The brown oxidation product was shown to be a mixture of 2 : 5-dianilino-f- 
benzoquinoneimineanil, 2-amino-8-anil-N-phenyldiphenazine (pseudo-mauveine), an 
induline, and an aniline-black which did not turn green. Carter, Moulds, and Riley (J., 
1937, 1307) later oxidised aniline by heating it with graphitic oxide, and obtained 2: 5- 
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dianilino-p-benzoquinonedianil (not obtained in the peroxidase oxidation) and “a dye of 
the mauveine type.” 

In continuing our investigation of the action of peroxidase on relatively simple organic 
compounds, we selected #-toluidine as substrate. The only reference to the action of the 
enzyme on #-toluidine appears to be that by Casolari (Biochim. terap. sper., 1929, 16, 
5203), who stated that an orange-red coloration was produced with subsequent turbidity 
but did not investigate the nature of the product. 

For our experiments, the enzyme was obtained either from horseradish or from turnips 
by the methods of Willstatter and Stoll (Annalen, 1918, 416, 21) and Elliott (Biochem. /., 
1932, 26, 128). Identical oxidation products were obtained with each type of preparation. 
Control experiments were carried out with the active enzyme preparation in the absence 
of hydrogen peroxide and also with the heat-inactivated enzyme in the presence of hydrogen 
peroxide. No action at the dilution employed was observed in either series of experiments, 
so we conclude that the oxidations recorded below were the result of peroxidase action. 

The experiments were carried out at room temperature, a 2% solution of #-toluidine 
in dilute acetic acid at py 4-5 being used. A few mg. of the peroxidase preparation were 
added, and hydrogen peroxide solution was run in at intervals: this intermittent addition 
is essential, since excess of hydrogen peroxide inhibits the reaction. The first addition 
of peroxide produced a red coloration, and a reddish-brown solid gradually separated. 
At the conclusion of the reaction, the solid was filtered off, and was found to be a mixture 
of 4-amino-2 : 5-toluquinonebis-f-tolylimine (I), 4-p-toluidino-2 : 5-toluquinonebis-p-tolyl- 
imine (II), 4:4’-dimethyldiphenylamine (V), a small quantity of 4: 4’-dimethylazo- 
benzene (VI), and traces of 4-amino-2 : 5-toluquinone-2-p-tolylimine (III), 4--toluidino- 
2 : 5-toluquinone-2-p-tolylimine (IV), and a substance of m. p. 167° (VII). [Formule are 


CH; CH, CH, CH, 
JN jN'CgH Me JN JNC gH Me 7\ YN-C,H,Me 7\oNCH Me 


C,H.MeNA 7 C,H Mena Z WW 0%\Z 
wits ‘Ga, war: \fH-C,H,Me . fu, \H-C,H,Me 
(I.) (II.) (III.) (IV.) 


not given for (V), (VI), and (VII).] The isolation of these products was accomplished 
according to the scheme : 
Crude product 


EtOH | at 0° 





| | 
Solution taken to dryness Residue 
Light | petroleum Boiling | EtOH 








1 | | 
_a, Residue: traces of ill- Solution (I) Residue 
Extracted with | dil. HCl (1:6) defined black material am | 


. | 
Light petreloum : Anuavin solution : Ppt. (IV) Solutidn (II) Residue: none 
(V) and (VI) (III) and (VII) and (V) 











It is not improbable that traces of other substances may have been produced during 
the oxidation, but a chromatographic analysis of appropriate extracts of the original crude 
material did not reveal any well-defined substances other than those obtained by purely 
chemical means. The absence of #-nitrotoluene is noteworthy and falls into line with 
the absence of nitrobenzene from the products of the oxidation of aniline by peroxidase. 

The conversion of 4-amino- into 4--toluidino-2 : 5-toluquinonebis-p-tolylimine proceeds 
presumably with the elimination of ammonia, as also must the conversion of #-toluidine 
into 4 : 4’-dimethyldiphenylamine. Whether this process is really an oxidation or a true 
deamination, brought about by a deaminase associated with the peroxidase, is uncertain. 

It is obvious that 4-amino- and 4--toluidino-2 : 5-toluquinone-2-f-tolylimine are 
produced by hydrolysis of the corresponding bis-p-tolylimines. The method of working 
up the crude product (shaking with cold dilute hydrochloric acid for a few minutes) may 
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be responsible for some of this hydrolysis, but it is also likely that hydrolysis takes place 
to some extent during the oxidation process, especially as these products can sometimes 
be detected by chromatographic analysis of the crude product before the treatment with 
dilute hydrochloric acid. 

A purely chemical oxidation of p-toluidine by warming its acetic acid solution with 
hydrogen peroxide was recorded by Leeds (Ber., 1881, 14, 1383), who obtained 4: 4’- 
dimethylazobenzene. Perkin (J., 1880, 37, 546) oxidised #-toluidine with potassium 
dichromate, and thereby was the first to obtain compounds (I) and (II), but their structures 
were only determined later by other workers. 

Mann and Saunders (Part I, loc. cit.) found that when aniline was oxidised by hydrogen 
peroxide and ferrous sulphate, azobenzene, aminoanilino- and 2 : 5-dianilino-benzoquinone- 
monoanil were produced. The corresponding oxidation of p-toluidine under the conditions 
of the enzymatic reaction, but with ferrous sulphate instead of the enzyme, is now being 
examined, and will be recorded later. As anticipated, the reaction is different from the 
peroxidase oxidation, for (I) and (II) are not among the products; so far, 4-p-toluidino- 
2 : 5-toluquinone-2-p-tolylimine, 4: 4’-dimethylazobenzene, and a compound not yet 
identified (and not produced by peroxidase action) have been isolated. 

Among recorded oxidations of -toluidine, the one most resembling the enzymatic 
oxidation is that by lead peroxide (Bornstein, Ber., 1901, 34, 1274). 

In Part I it was suggested that p-benzoquinonephenyldi-imine, NPh°:C,H,:NH, repre- 
sented a stage in the enzymatic oxidation of aniline (a view which seems to be generally 
accepted), and at the time we were inclined to think that this di-imine was produced via 
phenylhydroxylamine and 4-aminodiphenylamine in accordance with the classical views 
of Bamberger and Tschirner (Amnalen, 1899, 311, 79). Work in progress confirms our 
previous observation that 4-aminodiphenylamine is readily oxidised by the enzyme system 
to emeraldine. We now find, however, that the oxidation of phenylhydroxylamine 
depends upon several factors, and that azoxybenzene is normally the principal product, 
although a quantity of ill-defined material is also usually produced. The observed pro- 
duction of emeraldine was no doubt dependent upon one of the very facile changes which 
phenylhydroxylamine is known to undergo in solution; e¢.g., Nover (Ber., 1907, 40, 290) 
obtained 4-aminodiphenylamine and emeraldine as well as azoxybenzene by shaking it 
with aqueous sodium bisulphite solution, and Bamberger and Brady (Annalen, 1899, 311, 
84) obtained 4-aminodiphenylamine from it by the action of aluminium sulphate. 

Although there is, as yet, no direct experimental evidence, it seems probable that the 
phenyldi-imine might be produced in these enzymatic oxidations directly from the free 
radical PhNH: or PhN< as in several purely chemical oxidations (Sidgwick, “‘ Organic 
Chemistry of Nitrogen,” p. 54). 

EXPERIMENTAL. 

p-Toluidine (10 g.) was dissolved in glacial acetic acid (11-5 c.c.) and diluted with 500 c.c, 
of water, giving a solution of approximately pg 4:5. To this solution were added hydrogen 
peroxide (2 c.c., 20-vol.) and a suitable quantity of the enzyme preparation (e.g., about 20 mg. 
of a preparation of purpurogallin number about 100, dissolved in a few c.c. of water). A red 
coloration was produced immediately, and a red precipitate gradually separated. Amounts 
of hydrogen peroxide of the order of 1 c.c. were added at intervals of about 45 mins., until in 
all 40 c.c. had been added. At intervals of about 4 hours further small additions of the enzyme 
preparation were made. At the conclusion of the reaction, the solid was filtered off and dried. 
Yield 7—8 g. 

4-Amino? : §-toluquinonebis-p-tolylimine.—The crude product (10 g.) was extracted with 
ice-cold alcohol (100 c.c.), and filtered. The filtrate (A) was retained and worked up as described 
later. The insoluble residue (5-15 g.) was boiled with alcohol (about 150 c.c.), from which 
bright red crystals (0-7 g.) separated on cooling. The residue was again boiled with alcohol 
(100 c.c.), and a further crop of red crystals (0-5 g.) was obtained. By working up the mother- 
liquors, a total of 1-6 g. of the pure crystalline material was obtained, m. p. 236°. Green (Ber., 
1893, 26, 2774) gave 227°, and Bérnstein (loc. cit.) gave 235° (Found: C, 80-0; H, 7-0; N, 13-5. 
Calc. for C,,H,,N,: C, 80-0; H, 6-7; N, 13-3%). 

The identity of the substance was further established as follows : (a) Addition of concentrated 
sulphuric acid gave a blue coloration, which on heating rapidly changed to red. (b) The sub- 
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stance was hydrolysed by alcoholic hydrogen chloride at 25° to 4-amino-2 : §-toluquinone-2-p- 
tolylimine, which crystallised from aqueous alcohol in red-brown needles, m. p. 149°. Green 
(loc. cit.) gave m. p. 143—145° (Found: C, 73-9; H, 6-4; N, 12-2. Calc. for C,4H,,ON,: C, 
74-1; H, 62; N, 12-4%); it dissolved in concentrated sulphuric acid, giving a violet-red 
coloration which faded through brown to yellow. 

4-p-T oluidino-2 : 5-toluquinonebis-p-tolylimine.—The residue (3-1 g.) after treatment with 
boiling alcohol was recrystallised from benzene (in which it dissolved completely) and formed 
red needles, m. p. 183° (Found: C, 82-8; H, 6-3; N, 10-5. Calc. for C,,H,,N,: C, 82-95; 
H, 6-6; N, 10-4%). Its identity was further established as follows: (a) It dissolved in con- 
centrated sulphuric acid, giving a violet coloration, which rapidly faded to green. (b) 
Hydrolysed by alcoholic sulphuric acid at room temperature, it afforded 4--toluidino-2 : 5- 
toluquinone-2-p-tolylimine, which crystallised from alcohol in red-brown needles, m. p. 179— 
180° (Found : C, 79-6; H, 6-7; N, 8-6. Calc. for C,,H,,ON,: C, 79-75; H, 6-3; N, 87%). 

4:4'-Dimethyldiphenylamine and 4: 4'-Dimethylazobenzene.—The cold alcoholic filtrate 
(A) was evaporated to dryness, extracted with boiling light petroleum (b. p. 60—80°), and 
filtered from a small quantity of ill-defined black material. The extract was shaken with dilute 
hydrochloric acid (1: 6); a bluish-black precipitate (B) was produced which was filtered off 
from the aqueous layer (C) and the petrol layer (D). The last was dried and concentrated, 
long, nearly colourless, needles of 4: 4’-dimethyldiphenylamine (di-p-tolylamine) separating, 
m. p. 79°. Yield, about 2 g. (Found: C, 85-2; H, 7-6; N, 7-1. Calc. for C,H,,N: C, 85-3; 
H, 7-6; N, 7-1%). 

The mother-liquor from the ditolylamine was evaporated to dryness, and the residue dis- 
solved in glacial acetic acid and allowed to cool; a very small amount of 4: 4’-dimethylazo- 
benzene and of ditolylamine crystallised. The deep yellow needles of the former were 
separated mechanically and had m. p. 145° (mixed m. p. with an authentic specimen 144°). 
The dimethylazobenzene produced by the enzyme reaction also gave the characteristic deep 
yellow coloration with concentrated sulphuric acid. 

4-p-Toluidino-2 : 5-toluquinone-2-p-tolylimine.—The precipitate (B) was ground with 10% 
sodium hydroxide solution and extracted with light petroleum. The extract was concentrated, 
and on standing produced crystals of ditolylamine; the mother-liquor on long standing some- 
times gave crystals of 4-p-toluidino-2 : 5-toluquinone-2-p-tolylimine, m. p. 178°. The analysis 
of the light petroleum extract was, however, carried out much more satisfactorily by chromato- 
graphic methods using aluminium oxide; a violet band due to the toluidinotoluquinone-p- 
tolylimine was clearly visible, and after elution with more petrol and evaporation, the charac- 
teristic colour reaction with concentrated sulphuric acid (see above) was obtained. (A band 
due to the corresponding bis-p-tolylimine was also obtained.) 

Treatment of the Aqueous Layer (C).—This was neutralised with sodium hydroxide solution, 
and the resulting reddish-brown precipitate (D) was filtered off, dissolved in light petroleum, 
and examined chromatographically with aluminium oxide. A lower violet band on elution 
with petrol and subsequent concentration gave, on standing, a very small quantity of yellowish 
needles, m. p. 167°. The amount of pure substance obtained was so small as to render identific- 
ation uncertain (a rather impure specimen gave N, 8-6%). With concentrated sulphuric acid 
the substance gave a red coloration, becoming pale yellow-green on dilution. The substance 
could be sublimed and also decolorised by sulphur dioxide, the colour being restored by ferric 
chloride. 

Chromatographic Analysis.—When it is necessary to elute a many-banded chromatogram 
continuously with a given solvent, it is convenient to fix the chromatographic tube into a 
filter of the type described by Irvine (Biochem. J., 1915, 9, 321). In this way, it is possible 
to wash out successive bands and to separate the different coloured solutions so obtained with- 
out dismantling the apparatus. When the Buchner flask is used (Zechmeister and Cholnoky, 
“‘ Die Chromatographische Adsorptions-methode ’’), the elution has to be stopped and the flask 
removed every time a band is washed through. 


One of us (B. C. S.) is indebted to the Chemical Society for a grant which covered the cost 
of most of the materials required in the investigation. The other (P. J. G. M.) held a Beit 
Memorial Research Fellowship during part of the time that the investigation was in progress. 
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144. Monolayers on Solids. 
By J. K. Roperts. 


Certain statements by Langmuir (Faraday Lecture, this vol., p. 533) are discussed 
or corrected, and numerical calculations are given based on tie author’s work. 


LANGMUIR (loc. cit.) makes the following statement: “ A more detailed analysis of the 
condensation of atoms to form an immobile adsorbed film for the case y = 2, E = 5 has 
recently been published by Roberts (Proc. Camb. Phil. Soc., 1940, 36, 53). The 
adsorption isotherm obtained by Roberts and others for this case is essentially different 
from that given in the present paper. The derivations of the adsorption isotherms for the 
cases y = 2, E = 5andy = 4, E = 9 are contained in a paper by Tonks, which was recently 
submitted to the Journal of Chemical Physics. He shows that Roberts’ application of 
Bethe’s statistical method to this problem is incorrect.” 

The last sentence in this statement cannot be dealt with because no justification of it 
is given and the paper by Tonks is not yet available. 

In the author’s paper, cited above, no numerical calculations of the isotherm were given 
because the object of the paper was to discuss the properties of immobile films in which 
each adsorbed atom remains permanently fixed on the site on which it is first adsorbed and 
in which, in Langmuir’s notation, y = 2 and E = 5. From the calculations on which the 
results given in it were based the isotherm can, however, be immediately obtained and, 
in view of Langmuir’s statement, it seems desirable to give a comparison of it with Tonks’s 
isotherm as quoted by Langmuir in equations (44) 


0, = 2AP(1 — 2-50, + 1-50,2 + 0-750,3+...) . . . . (1) 


6, = Ap(l — 0,)[1 — 3(1 — 0)? + 51 —0,)9]) . 2. 2) 


The former equation is stated to be valid from 6, = 0 to 6, = 0-3 and the latter from 
6, = 0-7 to 6, =1. The intermediate region from 0-3 to 0-7 is not covered by Tonks’s 
equations. 6, is used to denote the 6 defined by Langmuir to distinguish it from the 
6 (or rather 6’) defined by the author, which is denoted by 6g. Actually 


6, = 20p . . . . . . . . . - (3) 


It is easy to show that the form of the isotherm given by Bethe’s method is [see equation 
(7) of the author’s paper cited above, and compare with the treatment of a similar problem 
(Roberts, Proc. Camb. Phil. Soc., 1938, 34, 585)] 


8p D(z) 
"{ Gees Tee ae ee 


where D(8g) and «, are functions of 9g defined by the author (loc. cit.). At constant 
temperature, € is proportional to the pressure and is, in fact, the same as Langmuir’s A#. 
In Table I values of Ap from the appropriate one of equations (1) and (2) and of & from 
equation (4) are given for various values of 6,. The two intermediate values of 6, are not 
covered by either of the formule given by Langmuir. It will be seen immediately that 
in the range 0, = 0—0-3 covered by Langmuir’s equation (44) the Tonks formula for the 
isotherm and the Bethe isotherm give practically identical results, while in the range 


and (49) 


E 





TABLE I. 

0-1452 0-2652  0-4962  0-6128  0-7252  0-8234  0-9132 

0-1083  0-2904 — — 3007 4994 10-20 

0-1083 02909 1286 2463 4456 7-625 14-73 
6, = 0-7—1 covered by Langmuir’s equation (49) the calculated pressures for a given 
6, differ by only about 50% throughout. Considering that each is based on an approxim- 
ation, this must be regarded as satisfactory agreement and there is nothing in the figures to 
justify Langmuir’s statement that the isotherms are “ essentially different.” 
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The Bethe method of treating problems of the type we are considering depends on the 
detailed discussion of a small group of sites and on the introduction of suitable parameters 
which take account of the effect of the occupation of sites outside the group on those inside 
it and vice versa. The more sites there are in the group, the behaviour of which is discussed 
in detail, the more accurate is the final result obtained. In the paper cited by Langmuir, 
on which the results in Table I are based, a group of nine sites on a simple quadratic lattice 
was considered in detail. These consisted of a central site and the eight sites nearest to it. 
In his 1938 paper, the author considered from a different point of view, and using Bethe’s 
method, the lattice shown’ in the figure. In it the sites are arranged like the atoms in the 


110 plane of tungsten. For this lattice and for a film in which, in Langmuir’s notation, 
y =2 and E = 5, and in addition there is a repulsive force between adsorbed particles 
which need not be specified in detail, it was desired to bring out an interesting point in 
connection with the variation of the heat of adsorption with 6. For this purpose it was 
sufficient to consider in detail the group of seven numbered sites shown in the figure. In 
the limiting case of no additional repulsive force between adsorbed particles, a first approxim- 
ation to the isotherm with which we are now concerned was derived. The values obtained 
for &’, which is proportional to and corresponds to Langmuir’s Ap or to the & used earlier, 
at various values of 6, are given in Table II. Corresponding values of & deduced, apart 
from the first value, by graphical interpolation from those given in Table I are also included. 
It will be seen that for small values of 6, the values of &’ are the same as the more accurate 


TABLE II. 


Fe sl ll 
PEER 2-5 
eet 0-92 2-0 


€, and even this (for the preSent purpose) comparatively crude application of Bethe’s 
method gives results that are not seriously in error until 6, is greater than, say, 
0-6. 

Another point may be mentioned as it concerns the foundation of the theory of 
adsorption. Langmuir (loc. cit., p. 582) states the basis of the theory in the following form 
(cf is the number of free sites) : “Consider a gas of pressure # in equilibrium with 
an adsorbed film of gas on the surface of a crystal. Select a particular atom of gas and 
follow its history as it moves back and forth between the gas and the surface phases. Since 
this atom, when it condenses on the surface, can go only into free sites, the total probability 
that it is on the surface is proportional too, ....” There are difficulties in the way of 
accepting this version of the method used by Hiickel (‘‘ Adsorption und Kapillar-Kondens- 
ation,” Akad. Verlagsgesellschaft, Leipzig, 1928, p. 157) for, if w, is the probability that 
a given atom is on the surface at a given time, and w, is the probability that it is in the 
gas phase, it is not w, but, as Hiickel shows, w,/w, or wg/(1 — wg) that is proportional to 
oy, provided the volume of the gas phase is constant. 
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Immediately preceding the paragraph on p. 533 under discussion is one which, although 
noting that in 1935 the author considered the case where E = 2 (in Langmuir’s notation), 
yet omits to refer to his statements (Nature, 1935, 185, 1037; Proc. Roy. Soc., 1935, A, 152, 
473) pointing out that structural discontinuities, gaps, or holes arise whenever the spacing 
of the adsorbed particles is greater than that of the sites for adsorption, and that such 
discontinuities are of particular importance in considering immobile films. 


DEPARTMENT OF COLLOID SCIENCE, CAMBRIDGE. [Received, May 11th, 1940.) 





145. Kinetics of the Catalysed Polymerisation of Styrene. Part III. 
On the Mechanism of Metal Chloride Catalysis. 


By Gwyn WILLIAMs. 


In the presence of stannic chloride, the rate of polymerisation of styrene, in carbon 
tetrachloride, to form products of molecular weight 1200—3000, is best represented by 
the equation — d(a — x)/dt = kca(a — x)*, where a and c¢ are the concentrations of 
styrene and catalyst respectively at zero time and % is that of polystyrene at time ¢. 
The energy of activation over the range 0—38° is small and probably not more than 
3000 cals. The mean chain-length of the polymers is independent of c and approx- 
imately proportional to a. 

The kinetics have not been fully explained, but the function of the stannic chloride 
catalyst is thought to lie in facilitating triple collisions between styrene molecules, 
whereby a polymerisation chain can be initiated at an activated trimer stage. The 
catalyst probably participates in the chain-growth and chain-termination reactions. 

With different metal chlorides as catalyts, the total rate of polymerisation with 
antimony pentachloride is about 10‘ times greater than with boron trichloride; but 
the polymers formed with the latter have only three times the molecular weight of those 
formed with the former. The catalytic position of stannic chloride is intermediate, 
and the molecular weights of polystyrenes formed by its means do not vary greatly in 
different solvents. With antimony pentachloride as catalyst, polymerisation is not 


quantitative and the catalyst is rapidly destroyed, with formation of chlorinated 
by-products. 


POLYMERISATIONS of vinyl compounds are regarded as chain reactions, in which formally 
distinct phases of chain initiation, chain growth, and chain termination may be 
differentiated in the formation of each long-chain polymer molecule. Chain initiation has 
been generally supposed to be the step which usually determines the rate of polymerisation 
(Staudinger and Frost, Ber., 1935, 68, 2351), whilst the average polymer chain length 
is determined by the relative speeds of chain growth and chain termination. Both polymeris- 
ation rate and chain length are affected by a polymerisation catalyst, which may influence 
one or more of the three steps in the polymerisation process. 

Among catalysts which increase the rate of polymerisation of styrene, peroxides and 
metallic halides have received attention (e.g., Milas, Proc. Nat. Acad. Sci., 1928, 14, 844; 
Houtz and Adkins, J. Amer. Chem. Soc., 1931, 58, 1058; 1933, 55, 1609; Staudinger and 
Lautenschlaiger, Annalen, 1931, 488, 1; Staudinger, “‘ Die Hochmolekularen Organischen 
Verbindungen,” Berlin, 1932). Schulz and Husemann (Z. physikal. Chem., 1938, B, 39, 
246) conclude, from a kinetic study of benzoyl peroxide catalysis of styrene polymerisation 
in toluene solution, (a) that the catalyst accelerates chain initiation through formation of a 
benzoyl peroxide-styrene complex, which breaks down to give a reaction centre; (6) that 
chain growth then proceeds without further intervention of the catalyst; and (c) that 
chain termination occurs by mutual deactivation and stabilisation of growing polymer 
chains, meeting in binary collisions. The same mechanism has been postulated for benzoyl 
peroxide catalysis of vinyl acetate polymerisation (Cuthbertson, Gee, and Rideal, Proc. 
Roy. Soc., 1939, A, 170, 300). 

In the “ spontaneous ”’ (#.¢., non-catalytic) polymerisation of styrene, a solvent, when 
present, may enter into the mechanism of chain initiation (Suess, Pilch, and Rudorfer, Z. 
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physikal. Chem., 1937, A, 179, 361; Suess and Springer, ibid., 181, 81); but there is evidence 
that chain growth and chain termination proceed in spontaneous polymerisation in the same 
way as with the peroxide catalyst present (Schulz, Dinglinger, and Husemann, 1bid., 1939, 
B, 48, 385). If this is correct, it follows that the peroxide catalyst accelerates polymeris- 
ation simply by increasing the concentration of reactive centres present in the system, the 
average chain length of the polymers being simultaneously reduced, owing to the increased 
opportunities existing for mutual deactivation of the growing chains. The presence of 
benzoyl peroxide does not alter the activation energy appreciably; in toluene solution, 
according to Schulz and his collaborators, the activation energies for chain initiation, in the 
absence and the presence of benzoyl peroxide, are 24,700 and 23,700 cals. respectively. 

On the other hand, metal halide catalysts appear to alter the kinetics of styrene 
polymerisation more drastically. Starting with undiluted monomer, molecular weights of 
polystyrenes formed, at room temperature, with and without a stannic chloride catalyst are 
of the order 7,000 and 500,000 respectively (Staudinger, op. cit., pp. 159, 186), whereas 
polystyrenes of molecular weight 280,000—61,000 are formed with increasing proportions of 
benzoyl peroxide catalyst at 27° (Schulz and Husemann, Joc. cit.). In carbon tetrachloride 
solution at 25° (Williams, Part I, J., 1938, 246), catalysis by stannic chloride reduces the 
molecular weights of the polystyrenes to 1,200—3,000, enhances enormously the degree of 
variation of polymerisation rate with initial styrene concentration, and greatly diminishes 
the activation energy. These effects, which are not confined to carbon tetrachloride as 
solvent, are examined in the experiments to be described. The method employed for 
analysing the reaction was that described in Part I (loc. cit.), viz., quantitative bromination 
of the residual monomer present in the polymerising mixture at different times. 

Range of Polystyrenes formed with Metal Chloride Catalysts—Styrene was polymerised, 
boron trichloride, stannic chloride, and antimony pentachloride being used as catalysts in 
carbon tetrachloride solution at 25°. Average molecular weights were derived from 
viscosity measurements on solutions of the polystyrenes formed, the following equation 
(Part I, Joc. cit.) being used : 

Np. [6 =25X 10% +02 . . . . - - | (i) 


This gives approximate values for unfractionated polystyrene mixtures of average molecular 
weight less than 5,000 (n,,. = specific viscosity; c = polystyrene concentration, as mols. 
of CgH, per 1.; = degree of polymerisation = M/104). 

The results are shown in Table I. Both catalyst and solvent might be considered to 
participate in reducing the molecular weights of the polystyrenes to the relatively small 


TABLE I. 


Polystyrenes made with Metal Chloride Catalysts at 25°. 


Catalyst Initial 

Solvent. Catalyst. concn., mM. C,Hg, M. Nsp.|c. Mol. wt. t,, mins. 
BCI, 1-89 1-152 2-62 x 104 
BCl, 1-70 1-06 1-24 x 104 
BCI, : 3-46 0-932 0-168 x 104 
SnCl, ° 1-732 0-769 25 
SnCl, 1-74 0-76 1 
SnCl, . 1-74 0-56 
SnCl, “ 1-73 — P 
SnCl, S 1-720 0-924 
SnCl, S 1-72 0-521 
SnCl, . 1-72 0-626 
SbCl, : 0-773 0-564 
SbCl, : 1-71 0-778 Polymerisation 
SbCl, : 1-73 0-518 apparently 
SbCl, . 1-75 0-704 instantaneous 
SbCl, : 1-68 0-586 

* Specially purified chloroform. 


1 
23 


values observed. Evidence exists (Suess and Springer, loc. cit.; Stanley, Chem. and Ind., 
1939, 58, 1080) that carbon tetrachloride has itself a marked effect, not shared by toluene 
or benzene, in accelerating spontaneous polymerisation at 80—120° and in reducing polymer 
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size. At 140°, chlorine from this solvent may even be incorporated in the polymer to the 
extent of 20% (Breitenbach, Springer, and Abrahamczik, Osterr. Chem.-Zig., 1938, 41, 182). 
Polystyrenes made by catalysis with stannic or boron chloride are not contaminated in 
this way (see analyses in Table VI), and experiments with different solvents, included in 
Table I, show that carbon tetrachloride does not reduce polymer size more powerfully than 
hydrocarbons, when used as a solvent for polymerisation catalysed by stannic chloride. 
It seems therefore that the low molecular weights in Table I are due to the action of the 
catalysts. 

In Table I, the greatest variations in molecular weight, for comparable conditions, 
occur between the boron chloride and the antimony chloride polystyrenes. They are, at 
most, in the ratio 3: 1, and are small in comparison with the corresponding differences in 
the speeds of polymerisation. A rough measure of the rate of polymerisation is given for 
each catalyst in Table I, where #, represents the time required for the reaction range 5—20% 
styrene consumption. (This reaction range is taken in order to eliminate the effect of 
initial inhibition periods.) With boron and tin chlorides, styrene is consumed almost 
quantitatively to form polystyrene (see Table VI), but the catalytic action of antimony 
pentachloride is very violent. Polymerisation is almost instantaneous, and stops before 
the styrene has been completely used up, owing to destruction of the catalyst with formation 
of by-products in addition to polystrene. Polymerisation is at least 10‘—10* times faster 
with antimony pentachloride than with boron trichloride and, in carbon tetrachloride, 
about 10* times faster with stannic chloride than with boron trichloride. The significance 
of these results is considered later. 

Polystyrenes from Stannic Chloride Catalysis.—Table II shows that, for stannic chloride 
as catalyst and carbon tetrachloride as solvent, the chain length of the polymer is 
independent of the catalyst concentration. The same result (already advanced provision- 
ally in Part I) has been obtained with other initial concentrations of styrene. Values of 


TABLE II. 


Stannic Chloride Concentration and Polymer Size. 


Styrene”= 1-73m approx. Temp. 25°. 

oe errr tee | 11-6 11-6 ¢ 9-23 8-94 8-08 7-73 3-38 
Bap. [C — sevcecccececccscreceeceeese 0855 0-807 0-825 0-771 0-848 0-796 0-764 0-812 
WD cinvivccvsoresccestcncisqeceeey EB 24 25 23 26 24 23 23 
ee a ae 2-91 2-72 2-72¢ 1-91 1-65 1-30 
Bp. [C — cevcscecececcssececscceeeee 0°746 0-769 0-836 0-851 0-764 0-835 0-769 
BD  sccccoccsvesccovesess 22 23 25 26 23 25 23 

* Expressed as mols. SnCl, per 100 mols. styrene. 

+ Reaction vessel packed with glass wool. 


n for 3-5 initial styrene are shown in Fig. 1 (line II, upper scale). Average values for 
at different initial styrene concentrations are collected in Table III, in which results from 
Part I are included for comparison. 

As shown in Fig. 1 (line I, lower scale), the average polymer chain length m is found to be 
approximately proportional to the square root of the initial styrene concentration, over the 
range 0-4—3-6m-styrene, although there are signs that, at the higher concentrations, the 
dependence of m upon [styrene]# may become less than linear. The measurements recorded 


TABLE III. 
Average Degree of Polymerisation. 


Initial styrene, M ..ssccccscepereeee 043 0-86 1-73 2-46 3-5 
New results  .....scsccccccscsecee — 19 24 28 31 
PUNE TUS B sisscvctsictcccccsess TE 17 23 ~- -- 


in Fig. 1 and Table III were made on polymer accumulated over a considerable range of 
reaction. It is nevertheless justifiable to plot the mean chain length against initial styrene 
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concentration, because it has been shown in Part I that » remains approximately constant 
throughout the range of any individual polymerisation experiment. 
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Rate of Polymerisation.—It has been found (Part II, J., 1938, 1046) that the reaction 
whereby stannic chloride catalyses the formation of polystyrene is inhibited in the presence 
of hydrogen chloride and replaced by a dimerisation associated with the addition of hydrogen 
chloride to the styrene double bond. In certain experiments, inhibition periods were 
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found to precede polymerisation by stannic chloride, and these were thought to be due to 
the presence of hydrogen chloride in the catalyst, since they were eliminated by distillation 
of stannic chloride ina vacuum. In the present series of experiments, repeated distillation 





[1940] Catalysed Polymerisation of Styrene. Part III. 779 


in a vacuum has failed to remove the last traces of hydrates from commercial stannic 
chloride of British origin; and in all the new experiments, periods of inhibition (of 10—50 
mins.) intervened between the mixing of the reactants and the commencement of polymeris- 
ation.’ The results may, nevertheless, be used as a basis for conclusions concerning the 
mechanism of polymerisation; for, on comparing the new results with those given in 
Part I, in which the preliminary inhibition had been eliminated, we find for the two series 
of experiments: (a) practically quantitative polymerisation (see experimental section), 
therefore the amount of styrene consumed in removing the inhibitor is very small; (b) the 
same mean chain lengths for the polymers (Table III); (c) the same order of reaction 
(Table IV); (d) identical mathematical form of individual polymerisation curves (Fig. 3).* 


Fic. 3. 
Time, minutes, 
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Time. minutes. 
Full black circles—packed reaction vessels. 
Lines on lower scales—styrene ca. 1-7M. 

Expts. 46, 47, 48 (upper scales)—see Table IV. 


The shapes of individual reaction curves (Fig. 2) suggest that the rate of polymerisation 
depends on a high power of the styrene concentration ; and this is confirmed (Fig. 3) by the 
observation that, in a given experiment, 1/(a — x)? is a linear function of the time. For 
each line in Fig. 3, the slope gives a third-order velocity coefficient k3, values of which are 
given in Table IV. The velocity coefficients k, are used as a measure of the rate of 
polymerisation. 

The reaction is essentially homogeneous. Packing the reaction vessel with glass wool 

* In both series, the actual commencement of polymerisation is attended by an induction period. 


It is not known whether this represents removal of the last portions of inhibitor, or whether it is a 
property of the reaction. 
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does not appreciably alter chain length (Table II), form of the polymerisation curve (Fig. 3), 
Fic. 4 or rate of polymerisation (Fig. 4). 

rai Fig. 4 shows the dependence of polymeris- 
ation rate upon catalyst concentration. Despite 
random variation of k, values at the higher 
catalyst concentrations, k, is seen to be ap- 
proximately proportional to the concentration 
of stannic chloride. A linear relation between 
catalyst concentration and the maximum rate 
of styrene consumption has been observed 
previously (Part I) over a limited range. 

Order of Reaction.—Fig. 4 shows that repro- 
ducibility of absolute rate is not perfect for 
experiments started with independent specimens 
if of catalyst. This may be due to the traces 

12) 











of impurity in the catalyst, referred to above. 
The influence of initial styrene concentration 
/ upon polymerisation rate was determined by 
£ using several series of experiments, the reaction 
mixtures in each series being made up from a 

Pp common specimen of stannic chloride. Curves 
9 94/95 of Fig. 2 illustrate the reproducibility 





attainable within each series, and Table V 
"6 shows the extent of reproducibility between the 
5 rs re ae different series. 
Stannie cpbride concentration (mf,* _ Results are shown in Table IV and the 
Full black circles—packed reation vessels. following relations are established : 


t, = const./a*; *r,, = const. x a*; k, =comst.xa@ . . . . (2) 














0 





where #, is now the time required for the reaction to cover the range 25—50% 
styrene consumption ; 7,, is the maximum rate of consumption of styrene (mols. 1.-! min.~*), 
calculated from the reaction curves; a is the initial concentration of styrene. 


TABLE IV. 


Order of Reaction in Carbon Tetrachloride. (Temp. 25°.) 
Initial 10° . ks, ty, 
No. C,Hg, M. Nep.|C. n. min.}. mins. 10*.7,,. 10%.k;/a. 
Series A. SnCl, = 0-0507m. 
1-730 0-757 7-4 46 4-30 
0-866 0-602 ° 369 4-53 
0-433 0-507 1- —_ 3-63 
SnCl, = 0-0504m. 
3-60 0-975 
1-732 0-769 . 
0-874 0-639 . ° 595 
SnCl, = 0-0416m. 
3-49 0-939 ° 8-0 
2-456 0-907 ° 22 
SnCl, = 0-0332m. 
3-53 - 0-976 ° 12-3 2-07 . 541 
1-741 0-764 3-4 82-5 85 1-95 . 435 
0-885 — 4-53 322 16-5 (2-56) * . (446) * 
* In expt. 118, SnCl, = 0-0664m. The figures in brackets are calculated for. 0-0332m-catalyst. 


* y,, should, strictly, be correlated, not with a, but with s,,, the residual concentration of styrene 
which actually corresponds to the maximum rate in each experiment. On substituting s,, for a the 
general relationship remains the same, but the numerical values of 7,,/s,,¢ are less concordant. Ss,» is 
difficult to determine accurately. Since s,, is slightly less than a, the constants in col. 4 of Table V 
tend to be too low. 
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Concordant values for the constants in equations (2) can be derived from the three sets 
of data given in Table IV. Average values are collected in Table V for each set of experi- 
ments. The figures in cols. 3—5 of this table represent velocity coefficients corresponding 
to the relations (2) above, and should be concordant (along the rows) for each series. 


TABLE V. 
10 
a" 10%.7,,/a*.t 10°. k,/a. SnCl,, M. 10? . ky /ac. 
° 0-0507 8-18 
0-0504 5-14 
0-0416 7-90 
0-0332 6-63 
* Expression for k in equation dx/dt = k(a — x)‘. 


+ Expression for k in equation dz/dt = ka(a — x)® (cf. equation 3, below). 
¢t See footnote, p. 780. 


Those in the last column represent velocity coefficients corresponding to equation (3) below, 
and should be identical for all series if the experimental results were accurately reproducible. 

The over-all reaction is evidently of the fourth order, a result which conflicts with the 
third-order progress of individual polymerisations, indicated by Fig. 3. Plotting 1/(a — x) 
against time, however, justifies Fig. 3, without question, as the better representation of the 
course of polymerisation over an extended range of reaction. Even velocity coefficients for 
the first 20% of the reaction, calculated from t(a — x)-* curves, are not very consistent 
and agree better numerically with col. 3 of Table V than with col. 2. It seems that the 
maximum rate of polymerisation varies with the fourth power of the initial styrene 
concentration, whilst the diminution of rate during polymerisation is governed by the third 
power of the residual styrene concentration. 


From the foregoing results, equation (3) is deduced as an empirical representation of the 
course of polymerisation : 


—d(a—x)/d¢=keaja—x)® . . . 2. « « « s (8) 
whilst n ho" eee go ht ro ee ony io) ae 


where x is the concentration of styrene used up at time ¢ and other symbols are as before. 
In carbon tetrachloride at 25°, & is of the order 7-0 x 10-* (Table V, last column). 

Temperature Coefficient—Experiments have been made over the range 0—38-4°. As 
shown by curves 129, 120, 128, and 127 of. Fig. 2, the increase in polymerisation rate over 
this range is slight. Consequently, it is difficult, in view of the imperfect reproducibility 
of different experiments, to determine the activation energy accurately. The extreme 
variation of k (equation 3), in comparable experiments, was from 4-48 x 10~ at 0° 
to 9-06 x 10° at 38-4°, giving an activation energy of 3,200 cals. The maximum variation 
of n over the same range of temperature was from 29 to 24. 


DISCUSSION. 


A satisfactory detailed reaction mechanism has not yet been formulated, but certain 
conclusions from equation (3) may be discussed briefly. In the following, M, and P, 
denote, respectively, stable and activated polymer molecules, each composed of m styrene 
molecules; C denotes a catalyst molecule. 

Chain Initiation.—If chain initiation is normally the slowest phase in the polymerisation 
process, then stannic chloride must accelerate this phase; because its presence increases 
the total rate of polymerisation. At the same time, stannic chloride induces a high-order 
reaction of small activation energy. One possible initiation mechanism is represented by 
equations (5) and (6). 

it+C=MC. . Piespiw clei ” selene 
M,C + 2M, =P,C (or Py +0) E Tylow, Saya Lne ae 


A styrene-stannic chloride complex is first formed. A molecule of complex collides with 


a second styrene (M,) molecule and holds it for a time long enough to provide a fair chance. 
3F 


Chain initiation | 
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of collision with a third styrene molecule, thus starting a polymerisation chain at an 
activated trimer stage (P,C or P,), with an activation energy which must be assumed to be 
so small that all possible uni- or bi-molecular initiation processes are overshadowed. 
According to this view, the function of the stannic chloride is to side-track the difficult 
formation of initiation centres of type P, or P,, by introducing complexes which can 
survive long enough to facilitate three-body collisions between styrene molecules. 

Chain Growth.—In the presence of stannic chloride, the distinction between a slow 
initiation reaction and rapid chain growth loses much of its significance, but chain initiation, 
involving triple collisions, may still be considered the slowest phase in the polymerisation 
process. Since the polymer chain length is independent of the catalyst concentration 
(Table II), the catalyst must influence chain initiation alone, or, alternatively, it must 
participate both in chain growth and in chain termination. 

Chain Termination.—If either of these alternatives is correct, the mutual stabilisation 
of growing polymers cannot be the chain-termination reaction in the polymerisations 
catalysed by stannic chloride; for, at a given styrene concentration, this mechanism 
would require the chain length to diminish proportionately as the total rate of polymeris- 
ation increases with rising catalyst concentration (Schulz and Husemann, loc. cit.), which is 
contrary to the combined results of Table II and Fig. 4. On the other hand, the rising rate 
of polymerisation implies increasing concentration of active polymer centres in the system; 
and, of all chain-termination mechanisms which do not involve the catalyst, mutual 
stabilisation is the one most favoured by increase in the concentration of growing polymers. 
If mutual stabilisation actually occurs in the relatively slow spontaneous and peroxide- 
catalysed polymerisations of styrene, then, since ” is independent of c, this chain-termin- 
ation reaction must always be overshadowed, for stannic chloride catalysis, by another 
termination reaction involving participation of the catalyst. This being so, chain growth 
must also involve the catalyst. These considerations are supported by the following results 
with different catalysts : (a2) on comparing stannic chloride with benzoyl peroxide catalysis, 
we find that a 200-fold increase in the total rate of polymerisation corresponds to only a 10- 
fold decrease in chain length; (b) with different metal chloride catalysts (Table I), the total 
rate of polymerisation may be multiplied by 10‘, with a 3-fold decrease in chain length. 

It seems possible that the catalyst remains attached to the growing polymer, and that 
chain termination occurs through internal stabilisation of each growing polymer, perhaps 
by isomerisation at the active end of the chain (cf. Risi and Gauvin, Canadian J. Res., 
1936, B, 14, 255). The simplest formulation of these ideas, with a growth reaction 
P,C + M, = P,,,C and a termination P,C = M,C (or M, + C) leads, in combination 
with equations (5) and (6), to kinetic expressions which do not accurately represent the 
experimental facts, as summarised in equations (3) and (4). The resulting expressions 
(cf., e.g., Breitenbach, Monatsh., 1938, 71, 275) for the total rate of polymerisation and chain 
length are — d[{M,]/dt = k [C][M,]* and » = const. [M,]. Other mechanisms have been 
considered, but their discussion may be withheld until further experiments on this and on 
allied reactions have been completed. 


EXPERIMENTAL. 


Materials.—Styrene was made from 8-phenylethyl alcohol by the method of Sabetay (Bull. 
Soc. chim., 1929, 45, 69). Traces of the undecomposed alcohol were removed either (a) by 
repeated washing with sodium benzoate solution, in which the alcohol is noticeably soluble 
(Neuberg, Biochem. Z., 1916, 76, 107), or (b) by distillation from sodium under reduced pressure. 
Specimens purified by these two methods gave (microanalyses by Weiler and Strauss, Oxford) 
C, 92-6, 92-5; H, 7-7, 7-6 (Calc. : C, 92-3; H, 7-7%). Dry styrene was preserved with quinol as 
polymerisation inhibitor and freshly distilled (at 13 mm.) before use. It gave no positive response 
to a peroxide test. 

“ AnalaR” grade solvents were employed. Carbon tetrachloride was further washed, 
dried, and distilled before use. 

Catalysts —Commercial stannic chloride was purified by repeated distillation in a vacuum 
(see Part I). The starting material contained appreciable quantities of hydrate, traces of which 
came over even after six distillations. Antimony pentachloride was similarly distilled. Boron 
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trichloride was shaken, in a vacuum, with mercury to remove chlorine, and then distilled into 
receivers cooled with liquid air, first fractions being taken off separately to eliminate hydrogen 
chloride. All three catalysts were finally collected in glass bulbs, sealed off in a vacuum. 

Reaction Products.—It has been shown in Part I that stannic chloride brings about quantit- 
ative polymerisation of styrene to long-chain polystyrene. Polymerisation is almost quantitative 
with boron trichloride as catalyst (see Table VI), but not with antimony pentachloride. 

Antimony Pentachloride as Catalyst—When antimony pentachloride is added to a styrene 
solution, much heat is evolved and charring occurs unless the catalyst is previously diluted with 
solvent. Polymerisation is immediate but incomplete. The reaction stops at once and proceeds 
no further on standing. The following is a typical experiment (cf. also Table VI) : 


Expt. 77. Styrene 1-71m. SbCl, 0-063m. Solvent CCl, Temp. 25°. 
Time (mins.) .. dns segedeet 5-4 11-1 153 1280 
Concn. of styrene () “ 1-46 1-46 1-46 1-45 


As shown in Table VI, even the actual proportion of styrene consumed (which varies with 
catalyst concentration) is not completely converted into polystyrene. Furthermore, the 
polymer (precipitated in methyl alcohol) is impure even after repeated reprecipitation. As 
pointed out by Staudinger ef al. (Ber., 1929, 62, 260), polystyrene made with stannic chloride 
catalyst is not easily freed from inorganic impurities, but can be obtained pure by repeated 
precipitation. It appears that halogen may be incorporated in the polymer molecules formed 
with the aid of antimony pentachloride. 


TABLE VI. 


Reaction Products with Metal Chloride Catalysts. 


Styrene Polystyrene * aS of polymer (Calc. : 
Catalyst and Initial consumed, recovered, % 92:3; H, 7-:7%). 
concn., M. , M. %. of initial. » » %. 
SnCl, 0-0338 ° P ° 76 
BCl, 0-230 , , 
BCl, 0-0611 
BCl, 0-139 
SbCl, 0-063 
SbCl, 0-186 
SbCl, 0-213 


SbCl, 0-0725 


* Polymers precipitated in methyl alcohol, dried and weighed. 
+ Reaction ceased at per cent. consumption shown. 

¢ Duplicate precipitations. 

§ Analyses after one and after three precipitations in MeOH. 


a+] 
tor 


Antimony pentachloride can act as a chlorinating agent (Rosenheim and Stellmann, Ber., 
1901, 34, 3377; Meyer, ibid., 1910, 48, 157; Hilpert and Wolf, ibid., 1913, 46, 2215; Hutton 
and Webb., J., 1931, 1518) and is probably destroyed rapidly when mixed with styrene. In one 
experiment (79), styrene (0-17 mol.) in carbon tetrachloride (80 c.c.) was completely consumed 
by gradual addition of antimony pentachloride (0-026 mol. in 11 c.c. of solvent). Of the original 
styrene, 86% was recovered as impure polystyrene of molecular weight about 1600 (Found : 
C, 89-4; H, 7-1%; traces of halogen detected) and 7% as styrene dichloride (b. p. 95—97°/11 
mm. Found: Cl, 40-4. Calc. for C,H,Cl,; Cl, 40-5%), corresponding to about half the amount 
of catalyst added. Some inorganic solid recovered from polymerisation catalysed by antimony 
pentachloride was thought to be antimony oxychloride. 

Molecular-weight Measurements.—These were made by viscosity determinations, with a No. 0 
British Standard Viscometer, on portions of the polymerising mixtures, suitably diluted and 
filtered. For reaction mixtures in which polymerisation was not quantitative, solutions for 
viscosity measurements were made up from polymers precipitated in methyl alcohol. The 
consistency of specific viscosity determinations may be illustrated by the measurements made 
with each of the duplicate polymer precipitates from Expt. 82, Table VI. Solution A (0-108m, 
calc. as mols. C,H, /l.) gave »,,,/c = 0-566; solution B (0-0545m) gave yn, /c = 0-561. 

Velocity Measurements.—These were made as in Part I. Reaction was started by crushing 
a sealed bulb containing catalyst under the surface of a styrene solution, and followed by 
periodical estimation of residual styrene by quantitative bromination. The method of analysis 
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has been justified in Part I. One experiment, at the highest styrene concentration, is given 
below. 

Expt. 116. Styrene = 3-53m. SnCl, = 0-0332m. Temp. 25°. 
Time, mins. 14-00 19-40 22-80 29-25 3 
Styrene concn.,M ... 3: . 3-53 3-55 3-53 3°53 
Polymerisation, %... 0 0 0 


3-60 

3- 

0 1- 

Time, mins. ‘ , 51-15 62-25 75-75 102-4 138- 
0- 

7: 


9 


Styrene concn.,M ... 2: . 1-917 1-483 1-280 0-979 
Polymerisation, %... 18-7 . 45-6 58-0 63-7 72-2 7 
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The experiments were done at the University College of North Wales, Bangor. My thanks 
are due to the Chemical Society for a research grant and to Prof. J. L. Simonsen, F.R.S., for the 
hospitality of his laboratory. 
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146. The Rotatory Dispersion and Circular Dichroism of 
1-Menthyl d-8-Chloro-B-nitrosobutyrate. 


By STOTHERD MITCHELL and GEORGE K. SIMPSON. 


The absorption spectrum of /-menthyl d-§-chloro-f-nitrosobutyrate (in alcoholic 
solution) shows a double band near the middle of the visible spectrum due to the 
nitroso-group. We have made measurements of rotation and circular dichroism in 
the neighbourhood of this band. 

When molecular extinction coefficients ¢« and circular dichroism (¢, — «,) are 
plotted against wave-length, the curves obtained are very similar in form and each 
can be represented as the sum of two probability curves. The anisotropy factors 
(e, — ¢,) /e found from the corresponding component curves havethe same maximum value. 
Using Lowry and Hudson’s modification of an equation formulated by Kuhn, we have 
calculated partial rotations from the two circular dichroism components, and when 
the sum of these is subtracted from the experimental rotation curve a difference curve 
is obtained in which the anomaly due to the nitroso-group is completely smoothed out. 


It is well known that the introduction of a chromophoric group into an optically active 
molecule impresses a characteristic form on its rotatory dispersion curve. The partial 
rotation due to such a group can be separated from the total rotation of the 
molecule by mathematical analysis. Bruhat (Amn. Physique, 1915, 8, 442) was 
the first to attack this problem, but the equations he used were not very accurate. 
Better results were obtained by Kuhn and his collaborators (Z. phystkal. Chem., 
1930, B, 8, 281; 1931, B, 15, 59; 1932, B, 18, 32; 1935, B, 29, 1, 256) who investigated a 
number of substances containing the groups N,, ONO, Ph, Cl, Br, and I. At first they 
employed an equation which took into consideration the form of the absorption curve 
expressed as a probability distribution of frequencies, but afterwards they made use of 
circular dichroism data treated in the same way. Lowry and Hudson (Phil. Trans., 1933, 
A, 282, 117) pointed out that absorption curves are never quite symmetrical when plotted 
on a frequency scale, but many show more perfect symmetry if wave-lengths are used in 
place of frequencies. The same is also true of circular dichroism curves. By suitable 
modification of Kuhn’s equation they obtained very striking results with a number of 
xanthates in the neighbourhood of the CS*S band. When the equation was extended to 
compounds with CHO and CO groups, however, the results were not so convincing (J., 
1933, 1179; 1935, 696, 709). Mitchell and Gordon (J., 1936, 853) used the same equation 
in connection with the nitro-group, but the residual curve obtained was not free from 
ripples. We have now applied the equation with more success to a substance containing 
the nitroso-group, viz., l-menthyl d-B-chloro-B-nitrosobutyrate. 


EXPERIMENTAL. 
Preparation of \-Menthyl 4d-B-Chloro-B-nitrosobutyrate, CH,*CCl(NO)*CH,°CO,C,9H,.— 
Menthyl acetoacetate, prepared by heating ethyl acetoacetate with menthol (Rupe, Annalen, 
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1912, 395, 87), was treated with hydroxylamine hydrochloride and sodium acetate in aqueous 
alcohol, and after the alcohol had been distilled off the oxime was obtained as a yellow oil. It 
was dissolved in concentrated hydrochloric acid, and sufficient water added to form an oily 
suspension. This was kept at about 0°, and chlorine passed in with occasional shaking. A 
blue solid formed; after being separated, washed with water, and dried, it had m. p. 58—60°. 
It crystallised from alcohol in blue needles, but the m. p. rose considerably with successive 
crystallisations : after the seventh, it remained constant at 71° (Found: C, 58-1; H, 8-2; N, 5-0; 
Cl, by Stepanow’s method, 11-9. C,,H,,O,NCl requires C, 58-0; H, 8-3; N, 4-8; Cl, 12-2%). 
Kagi (Annalen, 1920, 420, 68) records that the m. p. of /-menthyl benzylacetoacetate 
similarly increased with fractional crystallisation, and after examining the rotations of his 
initial and his final product he concluded that the former was the dl-benzylacetoacetate and the 
latter the /-ester. In our case we took readings of both rotation and ellipticity in alcoholic 
solution for sodium light (c = 0-6500 g./100 c.c.; 1 = 6cm.; ¢ = 18°) and found : 
Gs5a0s- Ellipticity. 
Initial product (m. p. 58—60°) .....ccssecesseceeceeeee = — 043° +(just detectable) 
Final product (m. p. 71°) ....cccccccccesccccsscccsseccesse  —1°39 +1-41° 
From these data we concluded that our final product was l-menthyl d-8-chloro-B-nitrosobutyrate. 
Absorption Spectrum.—The absorption due to the nitroso-group was examined photo- 
graphically with a Spekker spectrophotometer, a 1 cm. column of a 0-0774M-solution in alcohol 





Absorption , y Circular Dichroism. 











A. 
Fic. 1. 


being used. In Fig. 1 the molecular extinction coefficient, ¢, is plotted against wave-length A 
(full line). The curve shows two overlapping bands conveniently situated near the middle of 
the visible spectrum. _ 

Rotatory Dispersion.—The rotation measurements were made visually with a spectropolari- 
meter constructed from a Hilger polarimeter and a Zeiss-Winkel monochromator. A 100 c.p. 
Pointolite lamp served as light source. Readings taken at intervals between 6800 a. and 
4800 a. are set out in Table I, and the rotatory dispersion curve is shown in Fig. 2 (full line). 


TABLE I. 
Rotatory Dispersion in Alcohol. 
(c = 0-6500 g./100 c.c.; # = 18°.) 
[a]. A. a. [a]. 

i= 6cm. 
—261-5° —147° —376-9° 
—274-4 — 1-60 — 410-2 
—279-5 — 1-62 —415-4 
— 300-0 —1-61 —412-8 
— 351-3 —1-51 — 387-2 

i =2cm. 
+215-4° +0-63° +484-6° 
+423-2 +0-56 +430-8 





786 The Rotatory Dispersion and Circular Dichroism, etc. 


Circular Dichroism.—Ellipticity readings were taken with the spectropolarimeter used for 
the rotation measurements but with a 4/4 attachment added behind the Lippich polarising 
system (cf. Mitchell and Cormack, J., 1932, 415). The results are set out in Table II, and the 
circular dichroism curve is shown in the right-hand section of Fig. 1 (full line). 





Rotatory Dispersion. 


Experimenta! curve. 
-++++ Component curves. 
——— — Sum of components. 
Difference curve. 

















Fic. 2. 


TABLE II. 


Circular Dichroism in Alcohol. 


Solutions: (a) 0-6500 g./100 c.c.; 1 = 6cm.; ¢ = 18°. 
(b 0-6440 g./100 c.c.: | =2cm.; ¢ = 18°. 

Ellipticity. « — &. A. Ellipticity. «— «©. " Ellipticity. «— «. 
+0-:27° +0-061 5600 +0-63° -+0-142 +1-48° +0-333 
+035  +0-079 5700 +086 +0-194 +152  +0-342 
+0-51 +0-115 5800 +1-20 +0-270 +1-75 +0-394 
+0-77 +0-525 6400 +0-95 +0-648 +0-45 +0-307 
+0-95 +0-648 6500 +0-66 +0-450 +0-22 +0-150 


DISCUSSION. 


Analysis of the Curves of Absorption and Circular Dichroism.—The absorption curve 
was assumed to consist of two components of the type given by the equation : 


pen es ee) oe. Wel 


A» is the wave-length corresponding to emax., and 6 is defined by 2’ = 1-6651 © where 2’ is 
the half-width of the band. These component curves are shown dotted in Fig. 1. For 
the larger curve ¢,,,. = 17:2, %, = 6350, 6 = 324, and for the smaller, ¢,,,,. = 6:35, 
A» = 5820, 0 = 396. The sum of these two curves is shown as a broken line, which is in 
good agreement with the full-line experimental curve. 
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For the analysis of the circular dichroism curve we used the corresponding equation : 
| (ey — «,) = (e; — tee 2-9. 2 ww wee (2) 


with (¢; — €,) max. = 0-650 at 6350 A. and 0-240 at 5820 a. for the larger and smaller com- 
ponents respectively, and 6 = 300 in each case. The agreement between the addition 
curve (broken line) and the experimental curve (full line) is again quite good. 

Anisotropy Factor.—Table III gives values of ¢ and (e; — ¢,) obtained from each of the’ 
component curves for a number of wave-lengths. From these the anisotropy factor 
(c; — ¢,)/e is calculated. It will be seen that in the middle of each band the factor has the 
same value (0-038). It falls away considerably from this maximum value in the case of 
the smaller band, but remains more constant within the larger band. 


TABLE III. 


(e — e) /e. A. 
0-029 5420 
0-033 5520 
0-035 5620 
0-037 5720 
0-038 5820 
0-037 5920 
0-035 6020 
0-033 6120 0-088 0-025 
0-029 6220 0-041 0-018 


Calculation of Partial Rotations from Circular Dichroism.—The contributions to the 


rotatory dispersion curve associated with each of the component circular dichroism curves 
were calculated by means of the equation 


Small band. 

€ — &: (ea — &)/e. 
0-041 0-018 
0-088 0-025 
0-154 0-031 
0-215 0-036 
0-240 0-038 
0-215 0-036 
0-154 0-031 


BOGOR ORS 
SSRSRSRES 


— (PI Av g-ta—ayioy (A : ] 
[a] = fle pO a | ee 
[¢] is the maximum value of [«] which occurs at 9, m is the maximum value of the terms 
inside the large brackets, and the other symbols have their usual significance. In Fig. 2 
the partial rotation curves are dotted and their sum is shown as a broken line. The 
difference curve (thin full line) obtained from this and the experimental curve (heavy 
full line) represents the rotatory dispersion of the rest of the molecule after the partial 
rotation due to the nitroso-group has been subtracted. In few of the cases so far studied 
has it been possible to eliminate so completely the anomaly due to a chromophoric group. 


In conclusion, we desire to thank the Carnegie Trust for the Universities of Scotland for a 
scholarship which enabled one of us (G. K. S.) to take part in this work. 
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147. The Chemistry of the “‘ Insoluble Red” Woods. Part I. 
Pterocarpin and Homopterocarpin. 


By ALEXANDER McGOoKIN, ALEXANDER ROBERTSON, and WILLIAM B. WHALLEY. 


On oxidation with potassium permanganate homopterocarpin, which is devoid 
of hydroxyl or carbonyl groups, yields 2-hydroxy-4-methoxybenzoic acid (II) and 5- 
methoxy-2-carboxyphenoxyacetic acid (III). /-Dihydrohomopterocarpin, containing 
a phenolic group, is formed by the reduction of homopterocarpin by Clemmensen’s 
method as well as by catalytic procedures, and on oxidation with potassium per- 
manganate gives rise to 7-methoxychroman-3-carboxylic acid (V), identified by 
comparison with a synthetical specimen. Oxidation of the methyl ether of the dihydro- 
compound affords a product believed to be the isoflavanone (VII). The structures (I) 


and (IV, R =H) respectively have been developed for homopterocarpin and its 
dihydro-derivative. 
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Pterocarpin, which closely resembles homopterocarpin, gives on reduction a phenolic 
dihydro-derivative and on oxidation the acids (II) and (III). Dihydropterocarpin 
yields on oxidation the chroman acid (V), and its methyl ether furnishes a ketonic 
product corresponding to (VII). Structures (X) and (XI, R = H) have been deduced 
for pterocarpin and dihydropterocarpin respectively. 

The syntheses of 7-methoxychroman-3-carboxylic acid (V) and its isomeride 
6-methoxycoumarone-2-acetic acid (XX, R = OH) are described. 


OwincG to the sparingly soluble nature of their colouring matters in warm water, red 
sandalwood (Pterocarpus santalinus Linn.), camwood (variety of Baphia nitida), barwood 
(Baphia nitida, Lodd), and narrawood (Pterocarpus spp.) have been classified as “‘ insoluble 
red ’’ woods to distinguish them from the “‘ soluble red ’”’ woods of the logwood type (Perkin 
and Everest, ‘‘ Natural Organic Colouring Matters,’”’ 1918, p. 80). Though the chemistry 
of the “ insoluble red ’’ woods has been the subject of numerous investigations (compare 
Perkin and Everest, Joc. cit.), the results appear to be inconclusive and somewhat contra- 
dictory and consequently in 1938 we embarked on an extensive investigation of this topic. 
Since the woods invariably contain the colourless constituents pterocarpin and 
homopterocarpin, it appeared probable that a knowledge of the constitution of the latter 
compounds might prove of assistance in determining the structures of the dyes. Accordingly, 
the present communication deals with the chemistry of pterocarpin and homopterocarpin, 
of which the latter is the more abundant and was investigated in the first instance. 


Homopterocarpin. 


A mixture of pterocarpin and homopterocarpin appears to have been first isolated 
from red sandalwood by Cazeneuve (Ber., 1874, 7, 1798; Bull. Soc. chim., 1875, 23, 
97), who with Hugounenq succeeded in separating the two compounds, which they 
found to be optically active (Comp. rend., 1887, 104, 1722; 1888, 107, 737; Ann. Chim., 
1889, 17,113). Homopterocarpin has been subsequently investigated by Brooks (Phillipine 
J. Sci., 1910, 5, A, 448), Ryan and Fitzgerald (Proc. Roy. Irish Acad., 1913, 30, B, 106; 
compare Anderson, J., 1876, 30, 582), Dieterle and Leonhardt (Arch. Pharm., 1929, 267, 
81), Leonhardt and Oechler (ibid., 1935, 278, 447), and Raudnitz and Perlmann (Ber., 
1935, 68, 1862). The empirical formula C,,H,,0,, which was first suggested for the 
compound by Brooks (loc. cit.) and supported by Ryan and Fitzgerald (loc. cit.), has been 
confirmed by subsequent workers, who have also shown that the substance contains two 
methoxyl groups. Cazeneuve and Hugouneng (loc. cit.), who observed the stability of the 
substance towards alkalis, state that it did not yield a phenylhydrazone or an acetate, but 
Leonhardt and his co-workers (loc. cit.) describe the formation of an acetyl derivative and a 
2: 4-dinitrophenylhydrazone. Further, by the action of nitric acid on homopterocarpin 
the latter authors obtained styphnic acid and considered that resorcinol and probably 
phloroglucinol were formed by fusion with alkalis. 

With the specimens of red sandalwood available it was found difficult to obtain 
consistent yields of homopterocarpin by the method employed by the aforementioned 
workers, but by a simpler procedure the compound has been isolated. along with 
pterocarpin in satisfactory yield from barwood. The analytical data obtained are in 
excellent agreement with the formula C,,;H,J0,(OMe), for homopterocarpin, which we have 
observed to be extremely sensitive to mineral acids and remarkably stable in boiling 
alcoholic sodium hydroxide. All attempts to detect the presence of hydroxyl or carbonyl 
groups in the compound have given negative results and it appears probable that the 
process of acetylation employed by Dieterle and Leonhardt (loc. cit.) effects a change in the 
structure of the molecule. Similarly the 2 : 4-dinitrophenylhydrazone described by these 
authors is considered to be a derivative of a transformation product of homopterocarpin. 
In consequence it seemed probable that the third and fourth oxygen atoms of homoptero- 
carpin are present in ether systems. 

On oxidation with potassium permanganate in aqueous acetone homopterocarpin gives 
rise to a mixture of 2-hydroxy-4-methoxybenzoic acid (II) and 5-methoxy-2-carboxy- 
phenoxyacetic acid (III), thus affording clear proof that the molecule contains an 
O-monomethy] resorcinol nucleus. Further, the production of (III) requires the presence of 





[1940] the ‘‘ Insoluble Red’’ Woods. Part I. 789 


the system :C-O-CH,°C? in the homopterocarpin molecule (compare Perkin and Robinson, 
J., 1908, 93, 492) and clearly establishes the function of the third oxygen atom. 

The view expressed by Leonhardt and his co-workers (loc. cit.) that the catalytic 
reduction of homopterocarpin to /-dihydrohomopterocarpin is accompanied by the 
production of a phenolic hydroxyl group has been confirmed and the same result obtained 
by application of Clemmensen’s method. On oxidation the dihydro-derivative gives rise to 
7-methoxychroman-3-carboxylic acid (V), identical with a synthetical specimen, a result 
which definitely establishes the presence of a 7-methoxychroman residue in /-dihydro- 
homopterocarpin, thus accounting for ten carbon atoms in the molecule. Further, it is 
clear that the carboxyl group of (V) arises-by oxidation of a phenyl radical united to the 
chroman residue at the 3-position and carrying the second methoxyl group and the phenolic 
hydroxyl group, the oxygen atom of which we consider to be originally present in an ether 
system in homopterocarpin. Thus /-dihydrohomopterocarpin may be formulated as 
(IV, R = H) and its methyl ether as (IV, R = Me). 

Our observations on the properties of dihydrohomopterocarpone, formed by the oxid- 
ation of /-dihydrohomopterocarpin with chromic anhydride, confirm the view expressed by 
Leonhardt and Oechler (loc. cit.) that this derivative is a quinone, which is now formulated 
as (VI). The quinone structure (VI) clearly implies that the free hydroxyl group in 
l-dihydrohomopterocarpin is in the 3’- or the 6’-position and of these we prefer the latter 
as indicated in formula (IV, R = H). When this hydroxyl group is protected by methyl- 
ation, oxidation of the resulting ether (IV, R = Me) yields a product, C,,H,O,(OMe),, 
which readily furnishes an oxime and a 2 : 4-dinitrophenylhydrazone and therefore is in all 
probability the isoflavanone (VII). In agreement with this structure the compound is 
readily decomposed by boiling alcoholic sodium hydroxide and does not form an iso- 
nitroso- or a benzylidene derivative, indicating the absence of a methylene group adjacent 
to the carbonyl group; the ketonic properties of this compound clearly exclude the 
alternative dihydrocoumarin structure which could arise by the oxidation of the methylene 
group in the 2-position of the chroman system. Oxidation of (VII) with alkaline potassium 
permanganate gives a product which appears to have the formula C,;H,O,(OMe),, but 
which owing to lack of material has not yet been fully investigated. 


O-CH,-CO,H 


0,H 
(III.) 


M 


(VIL.) (VIIL.) 


Since homopterocarpin does not possess a hydroxyl or a carbonyl group, it seems 
reasonably certain that the fourth oxygen atom, which appears in the phenolic hydroxyl 
group of the dihydro-derivative, forms an ether system with a carbon atom of the chroman 
residue. In view of the production of (III) by the oxidation of homopterocarpin it is clear 
that the carbon atom in the 2-position of the chroman system is not involved, and of the 
remaining possibilities, viz., the carbon atoms in the 3- and 4-positions, the latter is 
considered to be the more likely. Thus homopterocarpin may be represented by formula 
(I) in which the fourth oxygen atom is present in a dihydrofuran system. The reductive 
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fission of the latter to give (IV, R = H) by catalytic methods finds a close analogy in the 
conversion of the tubanol residue of rotenone (VIII) into the tetrahydro-derivative (IX) 
(La Forge and Smith, J. Amer. Chem. Soc., 1929, 51, 2574), and although the behaviour 
of (I) in giving rise to (IV, R = H) by application of Clemmensen’s method of reduction 
is somewhat unexpected, it may be noted that Marker and Rohrmann (J. Amer. Chem. Soc., 
1939, 61, 846) have recorded a similar result where an oxygen system in sarsasapogenin is 
opened by Clemmensen’s reagent. With regard to the structure (I), the position of the 
methoxyl group in the dihydrobenzofuran residue, 7.e., in the 3-phenyl radical of (IV, 
R = H), has not been conclusively established, but the ease of oxidation of (IV, R = H) 
to the quinone (VI) implies that the latter is a p-quinone and hence the methoxy] group is 
not in the 3’-position. Of the remaining possibilities, the 4’-position is preferred at present. 


Pterocarpin. 


The empirical formula C,,H,,0,(OMe) adopted by Leonhardt and Fay (Arch. Pharm., 
1935, 278, 53; compare Brooks, Joc. cit., and Dieterle and Leonhardt, Joc. cit.) and by 
Raudnitz and Perlmann (loc. cit.) has been substantiated in the present work and, as 
suggested by the former authors, this compound, unlike homopterocarpin, appears to 
contain a methylenedioxy-group. In all other respects pterocarpin closely resembles 
homopterocarpin and though Leonhardt and Fay (loc. cit.) claim that the substance forms a 
2 : 4-dinitrophenylhydrazone, we consider that the latter is derived from a transformation 
product as in the case of the corresponding substance obtained from homopterocarpin. 
Oxidation of pterocarpin with potassium permanganate yields a mixture of the acids (II) 
and (III) together with a small amount of a neutral compound, m. p. 272°. Similarly 
dihydropterocarpin, which is phenolic, furnishes 7-methoxychroman-3-carboxylic acid (V) 
and its methyl ether yields a ketonic product corresponding to (VII) which is formed from 
O-methyldihydrohomopterocarpin. Oxidation of dihydropterocarpin with chromic acid 
in acetic acid gave a product, which has not been obtained pure but presumably consists 
mainly of dihydropterocarpone. This material gave a 2 : 4-dinitrophenylhydrazone. 


(XI.) 


(XII) < > (XIII.) 


From the formation of these oxidation products and by analogy with homopterocarpin, 
we consider that pterocarpin, dihydropterocarpin, and O-methyldihydropterocarpin and its 
ketonic oxidation product are represented respectively by the formule (X), (XI, R = H), 
(XI, R = OMe) and (XII). The production of the acid (V) from dihydropterocarpin 
clearly shows that the phenyl residue which contains the hydroxyl group also carries the 
methylenedioxy-group and further, because dihydropterocarpin yields a quinone-like 
oxidation product (XIII), (corresponding to VI), it seems reasonably certain that the 
methylenedioxy-group is attached at the 4’ : 5’-positions as in the structures (X), (XI), 
(XII), and (XIII). 


MeO \O+[CH,]_-CO ee MeO/ \O-[CH,],*CO,H 
e -[CH,],CO,H . e ( -[CH,],° 
a 0 g]eCO, Ye CO,H O,H ale"COz 
my 
(XIV.) (XV.) (XVI) 


MeO/ \O-CH,:CO,Et MeO ©’CO-CHN, MeO” ©. CH,COR 
CHO 


(XVII.) (XIX.) (XX.) 
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The authentic 7-methoxychroman-3-carboxylic acid (V) was synthesised as follows: 
Interaction of the sodium salt of 2-hydroxy-4-methoxybenzaldehyde and sodium 6- 
chloropropionate in aqueous solution gave rise to the B-phenoxypropionic acid (XIV) and 
by cyclisation by means of boiling acetic anhydride and sodium acetate this substance 
gave 7-methoxy-A*-chromen-3-carboxylic acid (XV) in small yield, which on hydrogenation 
furnished the acid (V), identical with the natural specimen. In exploring an alternative 
route to this acid attempts were made to cyclise the ester of 5-methoxy-2-carboxy- 
8-phenoxypropionic acid (XVI), formed by the oxidation of (XIV), but the use of sodium 
or sodium ethoxide for this purpose under a variety of conditions invariably led to the 
production of ethyl 2-hydroxy-4-methoxybenzoate. In order to eliminate the possibility 
of the acid resulting from the cyclisation of (XIV) being the isomeric coumarone-2-acetic acid 
(XX, R = OH), the latter compound was synthesised from the ester (XVII, R = OEt) by 
way of the stages (XVIII, R = OEt), (XVIII, R = OH), (XVIII, R = Cl), (XTX) and 
(XX, R = NH,). 


EXPERIMENTAL. 


Homopterocarpin.—Finely powdered barwood (300 g.) was extracted with boiling carbon 
tetrachloride (2-5 1.) for 6 hours, the hot extract was filtered, the volume was reduced to about 
37—40 c.c. by evaporation of the solvent in a vacuum at a temperature not above 50°, the red 
solid (1-5 g.) was removed by filtration, and the viscous red liquid left on evaporation of the 
solvent was dissolved in 96% alcohol (20 c.c.). The product which separated from this solution 
in the course of 24 hours was a mixture of ptergcarpin and homopterocarpin, which were 
separated by fractional crystallisation from 96% alcohol. After the isolation of pterocarpin 
(0-15 g.), which on purification had m. p. 164-5°, the more soluble homopterocarpin was obtained 
on concentration of the alcoholic liquors and on repeated crystallisation from alcohol and then 
light petroleum (b. p. 60—80°) formed colourless needles (1 g.), m. p. 87°, [a]2?%5 —236-6° in 
chloroform (c, 0-898 g. in 100 c.c.; 1 = 1) [Found: C, 71-9; H, 5-7; OMe, 20-7; M (Rast), 
276, 291. Calc. for C,;H,,0,(OMe),: C, 71-8; H, 5-7; OMe, 218%; M, 284] (Leonhardt 
and Oechler, loc. cit., give m. p. 83—84°, [a |?” —216-3° for material from sandalwood). On 
being heated at 80°/0-1 mm. this compound sublimed unchanged. 

Oxidation of Homopterocarpin with Potassium Permanganate.—5% Aqueous potassium 
permanganate (125 c.c.) was added to a solution of the compound (1 g.) in acetone (100 c.c.) 
(agitate vigorously) in the course of 6 hours and next day the solution was cleared with sulphur 
dioxide, treated with dilute sulphuric acid (10 c.c.), warmed on the water-bath for 10 minutes, 
cooled, saturated with ammonium sulphate, and extracted with ether (160 c.c. x 8). The 
combined ethereal extracts were washed with aqueous sodium bicarbonate (110 c.c. x 4), 
dried and evaporated, leaving unchanged homopterocarpin. After acidification with dilute 
hydrochloric acid the combined aqueous sodium bicarbonate liquors were extracted with ether 
(145 c.c. x 7), the dried extracts evaporated, and the combined residues from eight experiments 
dissolved in warm benzene (125 c.c.). On being kept, this solution gradually deposited 
5-methoxy-2-carboxyphenoxyacetic acid (0-05 g.) in needles, m. p. 174°, after purification from 
warm water, identical with a synthetical specimen (Perkin and Robinson, J., 1908, 93, 504) 
[Found : C, 53-2; H, 4-6; OMe, 13-8. Calc. for C,H,O,(OMe) : C, 53-1; H, 4-4; OMe, 13-7%]. 
Prepared by means of excess of ethereal diazomethane, the methyl ester separated from light 
petroleum (b. p. 60—80°) in squat prisms, m. p. 62°, undepressed on admixture with an authentic 
specimen. On evaporation of the greater part of the solvent the benzene filtrate from the 
foregoing acid gradually deposited 2-hydroxy-4-methoxybenzoic acid (4:5 g.), which formed 
colourless needles, m. p. 154°, from warm benzene, having a violet ferric reaction, identical 
with an authentic specimen [Found: C, 57-0; H, 4:8; OMe, 18-6. Calc. for C;,H,O,(OMe) : 
C, 57-1; H, 4:8; OMe, 18-5%]. 

Prolonged extraction of the aqueous liquors left on separation of 2-hydroxy-4-methoxy- 
benzoic acid and 5-methoxy-2-carboxyphenoxyacetic acid in a continuous extraction apparatus 
with ether gave only oxalic acid. 

Reduction of Homopterocarpin.—The substance (0-5 g.), dissolved in alcohol (100 c.c.) 
containing a palladium—charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. of charcoal), 
absorbed hydrogen (1 mol.) in the course of 5 hours, and the resulting /-dihydrohomopterocarpin 
formed stout prisms (0-3 g.), m. p. 154°, identical with the product (0-87 g.), m. p. 154°, obtained 
when the hydrogenation of homopterocarpin (1 g.) was effected in acetic acid (30 c.c.) with the 
same catalyst at 95°, a procedure more suitable for the production of larger quantities [Found : 
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C, 71-4; H, 6-4; OMe, 21-0. Calc. for C,,H,,0,(OMe),: C, 71:3; H, 6-3; OMe, 21-7%)}, 
This substance, which is soluble in most organic solvents and in cold dilute aqueous sodium 
hydroxide, has a negative ferric reaction in alcohol. 

A mixture of homopterocarpin (1 g.), amalgamated zinc (10 g.), water (20 c.c.), concentrated 
hydrochloric acid (40 c.c.), and toluene (25 c.c.) was refluxed for 8 hours; three further portions 
of hydrochloric acid (2 c.c. each) were added after 2, 4, and 6 hours. After removal of the zinc 
(wash with 10 c.c. of toluene) the toluene layer was separated and evaporated to a small volume, 
giving the dihydro-derivative, m. p. 154°, [«]?%;, —12-7° in alcohol (c, 0-295 g. in 100 c.c.; 
| = 1), after purification from dilute alcohol (Found : C, 71-4; H, 6-4; OMe, 21-3%) (Leonhardt 
and Oechler give m. p. 153—154°, [«]}” —5-8°). Methylation of this compound (1 g.) with 
excess of methyl iodide and potassium carbonate in boiling acetone (30 c.c.) for 4 hours gave rise 
to the methyl ether, which formed colourless prisms (1 g.), m. p. 61°, from aqueous alcohol, 
insoluble in aqueous sodium hydroxide [Found: C, 72:2; H, 6-7; OMe, 30-9. Calc. for 
C,,;H,,0(OMe),: C, 72-0; H, 6-7; OMe, 31:0%] (Leonhardt and Dieterle, loc. cit., give 
m. p. 57—58°). 

Oxidation of dihydrohomopterocarpin (1 g.), dissolved in acetic acid (25 c.c.), with a solution 
of chromic oxide (0-35 g.) in the same solvent gave dihydrohomopterocarpone, forming orange 
needles (0-2 g.), m. p. 177-5—178-5°, from acetone, soluble in alcohol and ethyl acetate, sparingly 
soluble in light petroleum, and insoluble in aqueous sodium hydroxide and having a negative 
ferric reaction (Found: C, 68-0; H, 5-3. Calc. for C,,H,,0,: C, 68-0; H,5-3%). The oxime 
formed pale yellowish-green needles (0-2 g.), m. p. 229° (decomp.), from alcohol (Found: N, 
4-5. Calc. for C,,H,,O,;N: N, 4-4%) (compare Leonhardt and Oechler, Joc. cit.). Reduction 
of dihydrohomopterocarpone with zinc dust and acetic acid on the water-bath gave a colourless 
product (the quinol ?), m. p. about 145°, which readily dissolved in aqueous sodium hydroxide 
and rapidly oxidised in air. 

A solution of dihydrohomopterocarpin (1 g.) in acetone (100 c.c.) was treated with 5% aqueous 
potassium permanganate (75 c.c.) in the course of 25 minutes and next day the product was 
isolated by the procedure adopted for the oxidation mixture from homopterocarpin. Repeated 
crystallisation of the acidic fraction from benzene and then aqueous alcohol gave 7-methoxy- 
chroman-3-carboxylic acid (0-1 g.) in almost colourless leaflets, m. p. 149°, forming a yellow 
solution in concentrated sulphuric acid which exhibited a brilliant green fluorescence [Found : 
C, 63-5; H, 5-8; OMe, 14-9. C,,H,O,(OMe) requires C, 63-5; H, 5-8; OMe, 14:9%]. 

Oxidation of O-Methyldihydrohomopterocarpin.—5% Aqueous potassium permanganate 
(100 c.c.) was added to a solution of the ether (1 g.) in acetone (150 c.c.) in the course of 4 
hours and next day the mixture was cleared with sulphur dioxide, treated with 2n-hydrochloric 
acid (15 c.c.), warmed on the water-bath for 10 minutes, cooled, and extracted with ether (125 
c.c. X 8). The ethereal extracts were washed several times with aqueous sodium bicarbonate, 
dried, and evaporated, leaving an oily residue which gradually solidified and then on crystallis- 
ation from 50% alcohol and subsequently light petroleum gave a ketone in thick colourless prisms 
(0-5 g.), m. p. 127°, readily soluble in alcohol, acetone, or ethyl acetate, sparingly soluble in 
light petroleum, and insoluble in aqueous sodium hydroxide [Found: C, 68-7; H, 5-8; OMe, 
29-1. C,;H,O,(OMe), requires C, 68-8; H, 5:7; OMe, 29-6%]. This substance, which had a 
negative ferric reaction, gave rise to a 2: 4-dinitrvophenylhydvazone, forming small red prisms, 
m. p. 184°, from alcohol (Found: N, 11-3. C,,H,,0O,N, requires N, 11-3%): The oxime 
separated from dilute alcohol in colourless needles, m. p. 185-5° (Found: N, 4:0. C,gH,,0;N 
requires N, 4:3%). 

From the mother-liquors left on purification of the ketone, unchanged O-methyldihydro- 
homopterocarpin (0-2 g.) was recovered, and extraction of the acidified aqueous sodium 
bicarbonate extracts with ether gave only a trace of material. 

A solution of potassium permanganate (4 g.) in water (100 c.c.) was added to boiling 2N- 
sodium hydroxide (100 c.c.) containing a suspension of the foregoing ketone (1 g.) in the course 
of 55 minutes ‘and, on cooling, the manganese dioxide was removed with sulphur dioxide. 
Crystallisation of the solid from alcohol gave a product in stout, colourless prisms (0-6 g.), m. p. 
178°, insoluble in aqueous sodium hydroxide and having a negative ferric reaction [Found : C, 
65:6; H, 5-6; OMe, 26-8. C,,;H,O,(OMe), requires C, 65-5; H, 5-5; OMe, 28-2%]. The 
yellow solution of this substance in concentrated sulphuric acid exhibited a faint green 
fluorescence. 

Pterocarpin.—This separated from alcohol or light petroleum (b. p. 60—80°) in colourless 
leaflets, m. p. 164-5°, [a]2%5° —207-5° in chloroform (c, 0-530 g. in 100 c.c.; ] = 1) [Found: 
C, 68-5; H, 4-9; OMe, 9-8; M, 295, 290. Calc. for C,,H,,O,(OMe) : C, 68-5; H, 4-7; OMe, 
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10-4%; M, 298] (Leonhardt and Fay, loc. cit., give m. p. 165°, [a]?° —224-1° for material from 
sandalwood). 

Hydrogenation of pterocarpin (2 g.), dissolved in acetic acid (60 c.c.) at 95°, with hydrogen 
and a palladium—charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. of charcoal) was 
complete in 7 minutes and on isolation the dihydro-product formed colourless needles (1-7 g.), 
m. p. 140°, soluble in aqueous sodium hydroxide, giving a dark green coloration in warm sulphuric 
acid, and having a negative ferric reaction [Found: C, 68-0; H, 5-4; OMe, 12-0. Calc. for 
C,¢H30,(OMe) : C, 68-0; H, 5-3; OMe, 10-3%] (compare Leonhardt and Fay, Joc. cit.). The 
same compound was obtained when a mixture of pterocarpin (0-5 g.), toluene (20 c.c.), 
amalgamated zinc dust (5 g.), and 2n-hydrochloric acid was boiled for 8 hours; more acid 
(1 c.c.) was added at intervals of 1 hour. On isolation the product formed needles (0-3 g.), 
m. p. 140°, [«]?4,, —19-5° in alcohol (c, 1-714. in 100 c.c.; ] = 1) (Found: C, 68-1; H, 5-5; OMe, 
10-2%). Prepared quantitatively by the methyl iodide—potassium carbonate method, the 
methyl ether of dihydropterocarpin separated from aqueous alcohol in slender needles, m. p. 
106-5° [Found: C, 69-0; H, 5-7; OMe, 20-5. Calc. for C,,H,,0,(QMe),: C, 68-8; H, 5-7; 
OMe, 19-7%] (compare Leonhardt and Fay, loc. cit., who give m. p. 107—108°). 

Oxidation of Pterocarpin.—A solution of potassium permanganate (7 g.) in water (125 c.c.) 
was added to pterocarpin (1 g.), dissolved in acetone (100 c.c.), in the course of 4 hours; 24 hours 
later the mixture was cleared with sulphur dioxide, the greater part of the acetone removed in 
a vacuum, the residual liquor treated with a little hydrochloric acid, and the product isolated 
with ether. An ethereal solution (1 1.) of the products from three experiments was washed with 
aqueous sodium bicarbonate (100 c.c. x 5), the combined washings acidified with concentrated 
hydrochloric acid, and the product isolated with ether and extracted with boiling benzene (40 
c.c.). On cooling, the extract slowly deposited 5-methoxy-2-carboxyphenoxyacetic acid in 
needles (10 mg.), m. p. 172-5°, after purification from water, identical with a synthetical specimen, 
m. p. 174° (Found: C, 53-5; H, 4:8%). 

On being concentrated, the benzene liquors from 5-methoxy-2-carboxyphenoxyacetic acid 
gave 2-hydroxy-4-methoxybenzoic acid in needles, m. p. 157°, after purification, having a 
violet ferric reaction and identical with an authentic specimen (Found : C, 57-2; H, 4-7; OMe, 
18-4%). Further extraction of the residual acidic aqueous liquors with ether in a continuous 
extractor gave, in addition to oxalic acid, a small amount of 5-methoxy-2-carboxyphenoxyacetic 
acid. 

Evaportion of the dried ethereal solution which had been extracted with aqueous sodium 
bicarbonate left a residue which, on repeated purification from alcohol and then ethyl acetate, 
gave a small amount of a product in slender colourless needles, m. p. 272°, exhibiting an intense 
blue fluorescence in these solvents (Found: C, 69-5; H, 56%). The pale yellow solution of 
this compound in concentrated sulphuric acid was unchanged on addition of alcoholic gallic acid. 

Oxidation of Dihydropterocarpin.—The compound (1 g.), dissolved in acetone (maintained at 
room temperature), was oxidised with a solution of potassium permanganate (3 g.) in water 
(75 c.c.), and the acidic material isolated as in the oxidation of pterocarpin. Crystallisation of 
the product from aqueous alcohol gave 7-methoxychroman-3-carboxylic acid in leaflets, m. p. 
149°, identical with a synthetical specimen (Found : C, 63-1; H, 5-6%). 

Oxidation of dihydropterocarpin (0-8 g.) with chromic anhydride (0-3 g.) in acetic acid 
(15 c.c.) gave rise to a yellow resinous product which has not so far crystallised but which on 
treatment with alcoholic 2 : 4-dinitrophenylhydrazine hydrochloride gave a product forming tiny 
maroon-coloured needles, m. p. 202—203° (decomp.), from ethyl acetate (Found: N, 9-8. 
C,,H,,0,>N, requires N, 11-0%). 

Oxidation of O-Methydihydropterocarpin.—1 G., dissolved in acetone (60 c.c.), with 7% aqueous 
potassium permanganate (50 c.c.) in the course of 3 hours gave a neutral and an acidic fraction. 
Extraction of the latter with a little boiling benzene gave 2-hydroxy-4-methoxybenzoic acid 
(20 mg.), identified by comparison with an authentic specimen. Spontaneous evaporation 
of an aqueous-alcoholic solution of the neutral product left a mixture of clusters of colourless 
needles and rosettes of compact crystals, which were separated manually. The former material 
consisted of unchanged ether, m. p. and mixed m. p. 106°, after purification from aqueous alcohol. 
Repeated crystallisation of the second product from alcohol gave a ketonic substance in rosettes 
of colourless stout prisms (80 mg.), m. p. 118—119° [Found: C, 65-9; H, 5-1; OMe, 15-2. 
C,.H,,0,(OMe), requires C, 65-9; H, 4:9; OMe, 18-9%]. The 2: 4-dinitrophenylhydrazone 
formed short scarlet prisms, m. p. 248°, from alcohol and then ethyl acetate (Found: N, 11-4. 
C,,HO,N, requires N, 11-0%). 

5-Methoxy-2-formyl-B-phenoxypropionic Acid (XIV).—A solution of 4-O-methyl-f-resorcyl- 
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aldehyde (2 g.) in 8% aqueous potassium hydroxide (10 c.c.) was added to a solution of 
6-chloropropionic acid (2 g.) in water (20 c.c.), containing sodium bicarbonate (1-6 g.), and the 
mixture heated on the steam-bath for 24 hours; the small amount of precipitate formed at first 
was dissolved by the addition of the minimum amount of 8% aqueous sodium hydroxide. The 
reaction mixture was acidified (Congo-red) with concentrated hydrochloric acid and extracted 
with ether (100 c.c. x 10), the ethereal extracts washed with saturated aqueous sodium bi- 
carbonate (100 c.c. x 5), and the combined washings acidified with concentrated hydrochloric 
acid. Repeated crystallisation of the pale brown precipitate from water (charcoal) gave the 
acid (XIV) in colourless needles, m. p. 159°, having a negative ferric reaction [Found: C, 
58-9; H, 5-4; OMe, 13-4. C, )H,O,(OMe) requires C, 58-9; H, 5-4; OMe, 13-8%]. Prepared 
by means of alcoholic 2: 4-dinitrophenylhydrazine, the 2: 4-dinitrophenylhydrazone formed 
feathery needles, m. p. 241-5°, from alcohol (Found: N, 13-6. C,,H,,O,N, requires N, 13-9%). 
The semicarbazone separated from aqueous alcohol in needles, m. p. 218° (decomp.) (Found: 
N, 15-1. C,,H,,0,N; requires N, 149%). 

Oxidation of the acid (XIV) (1 g.), dissolved in 2n-sodium bicarbonate (50 c.c.) and water 
(25 c.c.) at 50°, was effected with a solution of potassium permanganate (1-5 g.) in water (50 
c.c.), added in the course of 15 minutes, and 3 hours later the mixture was cleared with sulphur 
dioxide and treated with concentrated hydrochloric acid (15 c.c.). 5-Methoxy-2-carboxy-f- 
phenoxypropionic acid (XVI) slowly separated and on recrystallisation from water and then 
ethyl acetate formed stout prisms (0-7 g.), m. p. 143°, having a negative ferric reaction (Found : 
C, 55-3; H, 5-2. C,,H,,O, requires C, 55-0; H, 5-0%). The methyl ester was prepared by 
means of excess of ethereal diazomethane and obtained as a colourless oil, b. p. 78—80°/95 mm. 

7-Methoxy-A*-chromen-3-carboxylic Acid (XV).—A mixture of 5-methoxy-2-formyl-8- 
phenoxypropionic acid (2 g.), sodium acetate (3 g.), and acetic anhydride (25 c.c.) was refluxed 
(oil-bath at 145°) for 1 hour, treated with water, and extracted with ether (100 c.c. x 6). 24 
Hours later, the solvent and the acetic acid were removed in a vacuum and a solution of the 
residue in ether (250 c.c.) was washed with saturated aqueous sodium bicarbonate (50 c.c. x 5). 
On being acidified with hydrochloric acid, the combined washings slowly deposited a light brown 
solid, which on repeated crystallisation from hot water gave the acid (0-03 g.) in small, stout, 
colourless octahedra, m. p. 201°, soluble in the usual organic solvents except light petroleum 
(Found: C, 64:3; H, 5-0. C,,H,,0, requires C, 64-1; H, 49%). The yellow solution of this 
substance in concentrated sulphuric acid had an intense green fluorescence. 

Hydrogenation of 7-methoxy-A*-chromen-3-carboxylic acid (0-08 g.), dissolved in alcohol 
(125 c.c.), was effected with a palladium—charcoal catalyst (from 0-1 g. of palladium and 0-5 g. 
of charcoal) and hydrogen at 40 Ib. /sq. in. and on isolation 7-methoxychroman-3-carboxylic acid 
formed almost colourless leaflets (0-05 g.), m. p. 149°, from aqueous alcohol and was identical in 
every way with a natural specimen (Found: C, 63-4; H, 5-9%). 

6-Methoxycoumarone-2-carboxylic Acid (XVIII, R = OH).—Ethyl 2-aldehydo-5-methoxy- 
phenoxyacetate (J., 1936, 419) gave a 2 : 4-dinitrophenylhydrazone, forming crimson plates, m. p. 
176-5°, from ethyl acetate (Found: N, 13-4. C,gH,,0,N, requires N, 13-4%). Cyclisation 
of this ester (5 g.), dissolved in alcohol (30 c.c.), with sodium ethoxide (from 0-1 g. of sodium) 
in the course of 1 hour gave ethyl 6-methoxycoumarone-2-carboxylate (XVIII, R = OEt), which 
was precipitated with water and then formed colourless prisms (1-4 g.), m. p. 87°, from dilute 
alcohol, giving a cherry-red and then a purple sulphuric acid reaction [Found: O-Alkyl, 34:3. 
C,H,O,(OMe)(OEt) requires O-Alkyl, 34:5%]. Acidification of the alkaline liquors left on 
separation of this product gave 2-aldehydo-5-methoxyphenoxyacetic acid, m. p. 138°, identical 
with an authentic specimen (Kostanecki, Ber., 1909, 42, 911, gives m. p. 144°). This acid gavea 
2 : 4-dinitrophenylhydrazone, forming slender light red needles, m. p. 273°, from ethyl acetate 
(Found : N, 14-6. C,,.H,,O,N, requires N, 14-4%). 

Hydrolysis of ethyl 6-methoxycoumarone-2-carboxylate (5 g.) with warm 10% aqueous 
alcoholic potassium hydroxide (100 c.c.) for $ hour gave rise to the acid, which separated from 
aqueous alcohol in colourless needles (3-9 g.), m. p. 206°, having a crimson and then a brilliant 
purple sulphuric acid reaction [Found: OMe, 16-1. Calc. for CjsH,O,(OMe): OMe, 16-1%] 
(compare Will and Beck, Ber., 1886, 19, 1783, who give m. p. 195-5—196-5°). ' 

Phosphorus pentachloride (8 g.) was gradually added to a solution of 6-methoxycoumarone- 
2-carboxylic acid (7 g.) in chloroform (8 c.c.) and when the vigorous reaction had almost ceased, 
the mixture was gently warmed on the water-bath for a few minutes. After the removal of the 
solvent and phosphoryl chloride in a vacuum the residual acid chloride (XVIII, R = Cl) was 
purified by distillation and obtained as a colourless crystalline mass (7-4 g.), b. p. 165°/15 mm., 
m.p. 101°. Toa solution of the chloride (7-4 g.) in absolute ether (400 c.c.) at — 10°, anhydrous 
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hydrogen cyanide (4-5 c.c.) was added (agitate), followed by a mixture of pyridine (5 c.c.) and 
ether (25c.c.). Two hours later the pyridine hydrochloride (wash with ether) was separated, and 
the ethereal solution rapidly washed several times with cold dilute hydrochloric acid to remove 
pyridine and then with cold 0-2n-sodium hydroxide. Evaporation of the dried ethereal solution 
and distillation of the residue in a high vacuum gave the nitrile (XK VIII, R = CN) asa pale yellow 
solid (2-1 g.), b. p. 162°/1-5 mm., which formed stout tablets, m. p. 101°, from benzene (Found : 
N, 6-8. C,,H,O,N requires N, 70%). Attempts to convert the nitrile into the corresponding 
pyruvic acid according to the method of Reichstein and Reichstein (Helv. Chim. Acta, 1930, 13, 
1275) were unsuccessful. 

6-Methoxycoumarone-2-acetic Acid (XX, R = OH).—Ethereal diazomethane (3 mols. in 
100 c.c. of ether) was added in the course of 5 minutes to a solution of the foregoing chloride 
(XVIII, R = Cl) (1 g.), dissolved in ether (125 c.c.), and 2 hours later the solvent was evaporated 
and the diazo-ketone (XIX) crystallised from benzene-light petroleum (b. p. 60—80°), forming 
thick, pale yellow tablets, m. p. 90—91° (with slight decomp.) (Found: N, 13-1. C,,H,0,N, 
requires N, 13-0%). Attempts to convert this product into the acetic acid (KX, R = OH) 
by the method of Eistert and Arndt (Ber., 1935, 68, 200) gave an intractable resin, from which a 
little 6-methoxycoumarone-2-carboxylic acid could be isolated. 

To a vigorously agitated solution of the diazo-ketone (1 g.) in dioxan (70 c.c.) on the steam- 
bath, concentrated aqueous ammonia (14 c.c., d 0-880) was added, followed by 10% aqueous 
silver nitrate (8 c.c.); 45 minutes later more ammonia (5 c.c.) was added. After having been 
heated for 45 minutes, the solution was filtered, cooled, and extracted with ether (100 c.c. x 5). 
Evaporation of the dried extracts left a light orange oil, which slowly solidified and then on 
crystallisation from benzene (charcoal) gave the amide (KX, R = NH,) of 6-methoxycoumarone- 
2-acetic acid. in elongated prisms (0-43 g.), m. p. 148°, having a red and then reddish-brown 
sulphuric acid reaction (Found: N, 7-0. C,,H,,0O,N requires N, 6-8%). A mixture of the 
amide (0-4 g.), 25% methyl-alcoholic potassium hydroxide (6 c.c.), alcohol (2 c.c.), and water 
(6 c.c.) was refluxed for 4 hours, diluted with water (25 c.c.), and acidified with concentrated 
hydrochloric acid. Isolated with ether (100 c.c. x 5), the product was crystallised from a little 
benzene and then repeatedly from benzene-light petroleum (b. p. 60—80°), giving 6-methoxy- 
coumarone-2-acetic acid (XX, R = OH) in rhombic prisms, m. p. 104°, having a negative ferric 
reaction [Found: C, 64:3; H, 5:2; OMe, 14-4. C,,H,O,(OMe) requires C, 64-1; H, 4-9; 
OMe, 15-0%)}. 
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148. The Triterpene Group. Part VII. The Minor Triterpenoid 
Constituents of Manila elemi Resin. 


By IsopeLt M. Morice and JAmEs C. E. Simpson. 


A new and standardised method is described for the preparation of brein from 
Manila elemi resin, depending on fractional elution from activated alumina, followed 
by formylation. Two additional triterpene alcohols have been obtained, the isolation 
of which from this resin has not hitherto been reported; these are maniladiol, a new 
dihydric alcohol isomeric with brein, and y-taraxasterol, previously isolated from 
Taraxacum root (Burrows and Simpson, J., 1938, 2042). It is probable that the 
latter alcohol does not occur as such in Manila elemi resin, but is produced during the 
working up of the resin by cyclisation of a tetracyclic isomeride. 


It is well established that the principal triterpenes of Manila elemi resin are the amyrins 
and elemic acid. The occurrence of small amounts of three other crystalline substances, 
brein, bryoidin, and breidin, has been observed by various investigators (Baup, Jahresber. 
Chem., 1851, 4, 528; Fliickiger, N. Rep. Pharm., 1875, 24, 220; Vesterberg, “‘ Kemiska 
studier dfver nagra hartser, ” Upsala, 1890, p. 99; Ber., 1906, 39, 2467 : Tschirch and Cremer, 
Arch. Pharm., 1902, 240, 293); of these compounds, the last two are of unknown 
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constitution, but as they are appreciably volatile and somewhat soluble in water they cannot 
be regarded as triterpenoid in character. A possible relationship between brein and the 
amyrins, however, was recognised by Vesterberg (loc. cit.), who characterised the com- 
pound as a dihydric alcohol, C,)H;90,, a formula recently confirmed by Rollet (Monatsh., 
1929, 58—54, 231) and by Mladenovié (ibid., 1937, 70, 276). Work on the constitution 
of this alcohol has been greatly hampered by the scarcity of material and by the lack of 
a standardised method of preparation, as has been fully emphasised by previous workers 
(Vesterberg, Rollet, locc. cit.). 

A comparatively successful separation of the complex mixture of non-saponifiable 
substances from the fat of dandelion root was recently achieved by the method of fractional 
elution from activated alumina (Burrows and Simpson, J., 1938, 2042), and a similar 
procedure has now provided a suitable means for the preparation of brein from Manila 
elemi residues. We have evolved a standardised method capable of yielding brein in 
quantity, although there is some overlap in adsorbability between the diol and the mono- 
hydric amyrins. 

Our experiments have also disclosed the presence of two further triterpene alcohols in 
the resin. Vesterberg (loc. cit.) and Rollet (loc. cit.) both observed that acetylation of 
impure brein yielded a diacetate of the same melting point as that obtained from the pure 
diol, but neither author appears to have hydrolysed the former diacetate. This we have 
now done, and find that the resultant alcohol invariably melts at 206—208°. Formylation 
of this impure brein yielded brein diformate, m. p. 221° (hydrolysis of which furnished pure 
brein, m. p. 222°), together with an isomeric diformate, m. p. 192°. The diol derived from 
this new diformate, for which the name maniladiol is suggested, melted at 221°, and gave 
a crystalline diacetate and dibenzoate. 

We have also obtained, by the formylation method, a monohydric alcohol, which proved 
to be identical with the -taraxasterol originally isolated by Burrows and Simpson (loc. 
cit.) from Taraxacum root. In the present work the alcohol was obtained from a fraction 
of the resin which was very strongly adsorbed on alumina, and it could not be isolated from 
any of the more weakly adsorbed fractions, despite the comparative insolubility of the 
formate. This observation is at first sight anomalous in view of the molecular formula, 
C39H;,0, of #-taraxasterol, because such an alcohol, ceteris paribus, should be less strongly 
adsorbed than either brein or maniladiol. A feasible explanation of this discrepancy is 
provided by the assumption that #-taraxasterol does not exist as such in Manila elemi 
resin, but arises by cyclisation, during formylation, of a supposedly tetracyclic, doubly 
unsaturated, isomeride. This view is strongly supported by the results of acetylation of 
the fraction in question. -Taraxasteryl acetate, which is sparingly soluble, could not be 
obtained from the mixture of acetates even after nucleation, but was isolated without 
difficulty after treatment of the acetates with formic acid. Although our efforts to isolate 
the unisomerised alcohol have so far been unsuccessful, we believe that the evidence which 
we have described, taken in conjunction with the known cyclisation of basseol to B-amyrin 
(Beynon, Heilbron, and Spring, J., 1937, 989) and of onocerol diacetate to the isomeride 
of m. p. 260° (Zimmermann, Helv. Chim. Acta, 1938, 21, 853) by means of formic acid, 
points to the existence of a similar precursor * of #-taraxasterol in Manila elemi resin. 

Experiments bearing on the constitution of brein are in progress, upon which it is 
hoped to report shortly. 


EXPERIMENTAL. 


(Melting points are uncorrected. Specific rotations are in chloroform solution.) 

Adsorption of Manila elemi Residues.—The starting material was a concentrated solution 
of the resin in 85% alcohol, from which the greater part of the amyrins had previously been 
removed by crystallisation. Most of the alcohol was distilled off under reduced pressure, and 
‘the viscous turbid residue was then dissolved in ether (3 vols.) and shaken repeatedly with 4% 
sodium hydroxide solution, which removed most of the elemic acid. After being washed with 
water, the ethereal solution was concentrated, and the residue distilled in steam until the 
distillate was clear and almost odourless. The non-volatile residue was again taken up in ether; 


* (Note added in proof.) This precursor has now been isolated. Details will be published later. 
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the solution, after being thoroughly dried (sodium sulphate) and concentrated, yielded an came 
coloured resin, which partly crystallised on long standing. 

After preliminary experiments, the following batch process, which gave reasonably cons 
sistent results (see Table), was adopted for adsorption of the resin on activated alumina. A 
solution of the resin (150 g.) in benzene (1500 c.c.) was filtered through a column (120 x 3 cm.) 
of alumina (750 g. of Merck’s, “‘ standardisiert nach Brockmann ”’), after which the column 
was washed with successive portions of benzene (750 c.c.) until the weights of material removed 
by consecutive washings were approximately constant. The original filtrate and the washings 
were collected separately, yielding the fractions I—IX shown in the Table. The column was 
then divided into three equal parts, each of which was separately eluted with hot chloroform— 
alcohol. The material obtained from the bottom portion constituted fraction X; that from 
the remaining two portions has not yet been investigated. 

With the exception of fraction I, which was a somewhat viscous yellow oil, all the fractions 
partly crystallised on standing. Preliminary examination of each fraction showed the presence 
of B-amyrin in fractions II—VII, and of brein in fractions VI—X. 

Following are the weights (in g.) of the fractions obtained from representative runs, each 
batch consisting of 150 g. of resin. 





III. 
11-18 3-98 
9-65 4-01 
10-87 3-43 
10-40 . 3-88 
9-62 3°57 
11-37 3-83 


VII. VIII. IX. Total. 
0-91 1-33 129-7 

1-32 1-58 123-6 

1-93 1-75 128-2 

1-63 1-75 126-5 

1-55 1-79 131-2 

1-46 1-62 127-8 

12-53 3-72 1-13 1-27 133-1 
11-75 3-43 . 1-27 1-28 123-0 
12-98 3-73 . . : 1-29 1-38 132-3 
10 12-27 3-69 ? . ° 1-19 130 125-5 
Averages 37-05 67-7 11-26 3-73 ¢ ° 1-37 1-51 128-1 


Removal of 8-Amyrin from Fractions VI and VII.—The mixed fractions (35 g.) were dis- 
solved in pyridine (35 c.c.) and benzoyl chloride (35 c.c.) and kept at 100° for 2 hours. After 
standing over-night, the product was decomposed with ice and dilute sulphuric acid, and the 
mixed benzoates, isolated by means of ether, were taken upin alcohol. The crystalline product 
(7-5 g.) which separated was digested with boiling methyl alcohol (750 c.c.) for 1 hour, and the 
insoluble $-amyrin benzoate (6 g.). was filtered off. As no pure substance could be isolated from 
the filtrate, this was combined with the original mother-liquor, the solvent removed, and the 
tesidue heated under reflux for 2 hours with 5% alcoholic potassium hydroxide (40 vols.), the 
free alcohols being isolated by precipitation with water and extraction with ether. 

Isolation of Maniladiol and Brein.—(A) 28 G. of the mixture of alcohols obtained by the above 
method were refluxed for 2 hours with benzene (140 c.c.) and formic acid (140 c.c.), Water 
was then added, and the benzene layer, after addition of ether, was washed with 2% aqueous 
sodium carbonate and then with water. The residue from the dried and evaporated solution 
crystallised from aqueous acetone; two recrystallisations yielded fairly pure maniladiol diformate 
(5-4 g.), which after repeated crystallisation (finally from alcohol) formed rosettes of soft needles, 
m. p. 186—187°, [a]}” + 84° (J = 1, c = 2-57) (Found: C, 768; H, 10-2. C,,H,,O, requires 
C, 77-°0; H, 101%). This diformate still contained traces of an impurity, because, although 
further crystallisation failed to raise the m. p. above 186—187°, formylation of pure maniladiol 
gave a diformate which had m. p. 191—192° and [a}}* + 84° (J = 1, c = 1-35). 

Concentration of the mother-liquors of the crude diformate gave 1-2 g. of slightly impure 
brein diformate, m. p. 218°. This compound is less soluble than maniladiol diformate, but the 
latter always crystallises first from mixtures in which it preponderates. 

Hydrolysis of maniladiol diformate (m. p. 186—187°) with boiling 2% alcoholic potassium 
hydroxide, followed by benzoylation of the product and hydrolysis of the benzoate, gave pure 
maniladiol, which separated from aqueous methyl alcohol in rosettes of needles, m. p, 220— 
221°, [a}}?” + 68° (1 = 1, c = 2-46). The alcohol gave a pink coloration, changing through red 
to brown, with the Liebermann-—Burchard reagent, and a positive tetranitromethane reaction 
in chloroform (Found :. C, 81-0; H, 11-5. CygH gO, requires C, 81-4; H, 11-4%). 

Maniladiol diacetate, prepared by means of pyridine and acetic anhydride, crystallised from 
methyl alcohol in rosettes of soft needles, m. p. 193—194°, [a]? + 80° (J = A, ¢ = 1-40) (Found: 
C, 77-75; H, 10-6. CH,,O, requires C, 77-5; H, 10-3%). 
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The dibenzoate, which separated in clusters of needles from ethyl alcohol, had m. p. 233— 
234°, [a]}” + 63-5° (1 = 1, c = 2-62) (Found: C, 81-0, 80-9; H,.9-2, 9-25. C,H,,0, requires 
C, 81-2; H, 9-0%). 

(B) In earlier experiments the mixture of alcohols (2 parts), freed from f-amyrin, was heated 
under reflux for 1 hour with acetic anhydride (3 parts) and pyridine (1 part). The mixed 
acetates, isolated by means of ether after precipitation with water, crystallised readily from 
alcohol. Fractions VIII, IX, and X were similarly treated, and the crystalline products (m. p. 
185—187°) added to that from fractions VI and VII. Continued recrystallisation from alcohol 
yielded a mixture, m. p. 191—192°, of the diacetates of brein and maniladiol (average yield, 
25% of the mixed alcohols). This m. p. doubtless accounts for the statements, made by earlier 
authors, that pure brein diacetate can be obtained by acetylation of impure brein. Hydrolysis 
of the mixture, m. p. 191—192°, with 2% alcoholic potash gave the corresponding mixture of 
diols, m. p. 206—208°, unchanged by crystallisation from alcohol; the use of benzene as solvent 
led to the isolation of almost pure brein, m. p. 219—220°, in extremely poor yield. Separation 
of the diol mixture was readily accomplished by refluxing it with formic acid (25 parts) and 
benzene (25 parts) for 2 hours. A solution of the formates, isolated as described above, in 
aqueous acetone deposited brein diformate, m. p. 220—221° after recrystallisation; maniladiol 
diformate, m. p. 186—187°, was obtained by concentration of the mother-liquor. 

(C) Fractions VIII and IX were combined (30 g.) and converted into the formates exactly 
as described above. Four recrystallisations of the crude product from aqueous acetone gave 
brein diformate (3 g.), which separated in large elongated prisms, m. p. 220—221°, [a]?!" + 67° 
(i = 1, c = 2-69) (Found: C, 77-0; H, 10-1. C,,H,,O, requires C, 77-0; H, 10-1%). The 
material contained in the first three mother-liquors, after seven recrystallisations from alcohol, 
yielded maniladiol diformate (0-7 g.). 

Hydrolysis of brein diformate with 2% alcoholic potash gave pure brein, which separated 
from aqueous ethyl alcohol in minute prisms, m. p, 221—222°, [a]? + 63-5° (J = 1, c = 2-06), 
and from aqueous methyl alcohol in needles (Found: C, 81-1; H, 11-4. Calc. for C,,H,,0, : 
C, 81-4; H, 11-4%). Vesterberg (Ber., 1906, 39, 2467) gives m. p. 216—217°, [a]p + 65°5°; 
Rollet (loc. cit.), m. p. 218—219°; and Mladenovié (Joc. cit.), m. p. 220°. Brein gives a positive 
tetranitromethane reaction in chloroform, and a red coloration, changing to brown, with the 
Liebermann—Burchard reagent. 

Brein diacetate, prepared from the pure diol, formed prisms from aqueous alcohol, m. p. 
197—198°, [a] + 70° (1 = 1, c = 1-61) (Found: C, 77-2; H, 10-5. Calc. for C,,H,,0,: C, 
77-6; H, 10-3%). Vesterberg records m. p. 196°, and Rollet, m. p. 195°. 

Brein dibenzoate had m. p. 175—177° after crystallisation from alcohol or aqueous acetone, 
and m. p. 209—210° when crystallised from ligroin, from which it separated in hard rosettes of 
needles, [a]}?” + 58° (J = 1, c = 2-55) (Found: C, 80-8, 81:0; H, 9-4, 9-6. Calc. for C,4,H;,0,: 
C, 81:2; H,9-0%). The only data previously recorded for this compound are those of Rollet, 
who gives m. p. 209—210° for a dried preparation. 

Isolation of ~-Tavaxasterol._—Fraction X was freed from elemic acid (approximately 7%) 
by treatment with 3% alcoholic potassium hydroxide (20 vols.) under reflux for 2 hours. The 
solution was concentrated to half volume, water added, and the mixture of alcohols isolated 
by ether-extraction. ¥-Taraxasterol was obtained from the product in each of the following ways: 

(a) The mixture of alcohols (60 g.) was formylated by the method already given. A solution 
of the formates in absolute acetone deposited fairly pure -taraxasteryl formate (5-5 g.), which, 
after recrystallisation from benzene—alcohol, formed needles (4 g.), m. p. 219—221°, [a]}#”" + 51° 
(7 = 1, ¢ = 2-32) (Found: C, 82-1; H, 11-2. C,,H,,0, requires C, 81-9; H, 11:1%); the com- 
pound is considerably less soluble than the diformates of maniladiol and brein. The original 
mother-liquor on concentration yielded a further crop (12 g.) of crystalline material, from which 
the only isolable compound was a small quantity of ‘brein diformate. , 

A sample of %taraxasteryl formate, prepared from authentic ¥-taraxasterol, formed needles 
from benzene-alcohol, and had m. p. 219—220° both alone and when mixed with the above 
preparation; [a]}" + 51° (} = 1,c = 1-68). 

The alcohol obtained by hydrolysis (with boiling 2% alcoholic =e of ¥-taraxasteryl 
formate from Manila elemi resin separated from alcohol in long needles, m. p. 218—219°, [«]>” 
+ 48° (1 = 1, c = 2-57) (Found: C, 84:2; H, 11-9. Calc. for C,H,,0: C, 84-4; H, 11-8%). 
A mixture of it and an authentic specimen from Taraxacum root, m. p. 197—200°, [a]y + 47°, 
melted at 200—211° (the m. p. of this specimen was raised to 213—215° by purification via 
the formate; mixed m. p., 213—216°). The alcohol gave a positive tetranitromethane reaction 
in chloroform, and a’magenta-pink coloration in the Liebermann—Burchard test. 

The acetate from the Manila elemi alcohol crystallised from ethyl alcohol in plates (needles 
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from benzene—alcohol), m. p. 237—239°, [a]}?” + 53° (1 = 1, c = 2-37) (Found: C, 82-1, 81-9; 
H, 11-2, 11-1. Calc. for C,,H,,0,: C, 82-0; H, 11-2%); no depression in m. p. was observed 
on admixture with authentic ¥-taraxasteryl acetate (m. p. 233—236°, [a]p + 53°). 

The benzoate formed plates from benzene-alcohol, and had m. p. 280—282°, [a]}?" + 68° 
(i = 1, ¢ = 2-81) (Found: C, 83-3, 83-2; H, 10-3, 10-2. Calc. for C,,H,,O,: C, 83-7; H, 
10-38%) ; a mixture with authentic y-taraxasteryl benzoate (m. p. 274—276°, [a], + 72°) melted 
at 275—281°. The somewhat low analytical figures for carbon obtained with this compound 
are possibly due to solvation; a similar result was obtained with the Taraxacum specimen 
(C, 83-3; H, 10-3%). 

The melting points of the Manila elemi alcohol and its derivatives are in all cases somewhat 
higher than those of the Taraxacum compounds; this is doubtless due to the difficulty experienced 
in removing from the latter substances the last traces of impurities of similar solubility. 

(b) Acetylation of the mixture of alcohols gave a crystalline product (A), m. p. 191—192°, 
and a non-crystalline residue (B). (A) was separated by hydrolysis and formylation into brein 
and maniladiol as already described. Attempts to induce crystallisation of ¥-taraxastery] 
acetate from (B) were unsuccessful, but after the material (1 part) had been refluxed for 2 hours 
with benzene (5 parts) and formic acid (5 parts), y-taraxasteryl acetate crystallised readily 
from a solution of the product in ether-methyl alcohol. Two recrystallisations gave the pure 
acetate, m. p. 238—240° both alone and when mixed with the sample obtained by method (a). 


The authors are indebted to the Chemical Society for a grant in aid of this investigation. 
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149. Bases of which Methincyanines are the Quaternary Salts. 
By Frances M. HAMEr. 


Known methods of preparing bases, of which methincyanines are quaternary salts, 
have been applied and extended. On passing from a base to the thiacyanine or 
selenathiacyanine which is its alkiodide, the shift of absorption maximum towards the 
red is about the same as on passing to the corresponding acid salt. There is ‘a greatershift 
on passing from trimethin base to thiacarbocyanine (1020a.) or to acid salt (950a.). On 
passing from a thia-2’-cyanine base, having the alkyldihydro-structure in the benzthia- 
zole nucleus, to the thia-2’-cyanine, the absorption maximum shifts further towards 
the red (about 600 a.) than on passing to an acid salt (about 450a.). The hitherto 
unknown, isomeric bases, with the alkyldihydro-structure in the quinoline nucleus, 
have about the same absorption maximum as the thia-2’-cyanines themselves; it 
does not shift on addition of acid but shifts towards the blue on exposure to light. 

A thia-4’-cyanine base, with the alkyldihydro-structure in the benzthiazole nucleus, 
was isolated as its hydriodide. On treatment of the base with acid, the absorption 
maximum shifted towards the red. Whereas on passing from thia-2’- to thia-4’'-cyanine, 
the maximum shifts towards the red, the base of thia-4’-cyanine has its maximum 
close to the maximum of that isomeric base of thia-2’-cyanine to which it is most nearly 
related. 

A 2: 2’-cyanine base showed a shift of absorption maximum towards the red with 
acetic acid but the solution was decolorised by an amount of sulphuric acid which, 
with the bases of thia-, thia-2’-, and thia-4’-~cyanines, induced a shift towards the red. 


Bases of which cyanines are the quaternary salts were first prepared by Mills, as the third 
stage in his four-stage synthesis of thiacyanines. Thus o-aminothiophenol was condensed 
with ethyl malonate to give dibenzthiazolylmethane (I), from the ethiodide of which, by 
the action of alkali, a base (IL; R = Et) was produced. Its ethiodide proved to be the 
diethylthiacyanine (III; R = Et, X =I). 
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The methyl base (II; R = Me) and the dimethyl salt (II1; R = Me, X =I) were also 
synthesised (J., 1922, 121,455). Several years later, Clark, from 2-imino-3-methyldihydro- 
benzthiazole * and quinaldine, prepared the base (IV; R = Me), of which thia-2’-cyanine 
is the quaternary salt (J., 1936, 507). Kendall noted that such bases have photographic 
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sensitising properties, ell are different from those of their quaternary salts. He patented 
the photographic use of a series of such bases, including those of which 2 : 2’-, oxa-2’-, 
selena-2’-, thia-2’-, and thia-4’-cyanines, also indo-2’-carbocyanine, are the quatern 
salts. For making the bases of methincyanines, his method, which was not described in 
detail, was to condense a quinoline base, having a reactive methyl group, with a quaternary 
salt, having a reactive alkylthio-group or, for the trimethincyanine base, a reactive, 
substituted aminovinyl group (B.P. 456,362/1935). The preparations of the preceding 
types of bases, as also of one of which thia-2’-carbocyanine is the quaternary salt, were 
described by Barent and Kendall, a limitation being that that starting base, which has the 
reactive methyl group, must be a quinoline base (B.P. 477,983 /1936). 

Gevaert Photo Producten, N.V. recorded that dye bases are produced by heating 
cyanines with a high-boiling base, such as diethylaniline, which has the effect of removing 
alkyl salt. In their examples, the starting points—thiacyanine, thiacarbocyanine, and 
2 : 2’-carbocyanine—are all of the symmetrical cyanine type. They regarded as surprising 
their observation that solutions of the acid salts of the dye bases had about the same 
colour as those of the quaternary salts, and that the sensitising maxima of the acid salt and 
of the alkyl salt were the same (B.P. 477,990/1935). 

There is in the literature no recorded instance of a cyanine dye base, comprising a 
quinoline and another heterocyclic nucleus, and having the alkyldihydro-structure in the 
quinoline nucleus: the known bases of the thia-2’-cyanine series are all of type (IV) and 
none of type (V). The present work was started with the object of comparing the colours 
of some dye bases with those of the simple methincyanines which are their alkyl salts. In 
the case of unsymmetrical cyanines, it seemed of especial interest to attempt the preparation 
and examination of both those types of base which can be formulated. In putting this plan 
into effect, it was found that the alkylthiol condensation of Barent and Kendall is capable 
of extension in two directions : in the first place, 2-methylbenzthiazole or 2-methylbenzsel- 
enazole may be used instead of methyl bases containing a quinoline nucleus; secondly, 
instead of condensing a heterocyclic quaternary salt having an alkylthio-group with a 
heterocyclic base containing a reactive methyl group, it is possible to condense a hetero- 
cyclic base, having an alkylthio-group, with a heterocyclic quaternary salt containing a 
reactive methyl group. 

The methincyanine and trimethincyanine dye bases (II; R = Et, and VI) were pre- 
pared from the oe chloride (III; R = Et, X =Cl) and the thiacarbocyanine 
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iodide, ieee by the method of Gevaert Photo Ba tly N.V. (loc. cit.). The 
methyl analogue (II; R = Me) of the former, however, was prepared by fusion of 2- 
methylthiobenzthiazole and 2-methylbenzthiazole metho-p-toluenesulphonate, followed 
by treatment with alkali, so that its preparation involved both of the new factors mentioned 
above. So also did the preparation of (VII) from 2-methylthiobenzthiazole and 2-methy!l- 
benzselenazole ¢tho-p-toluenesulphonate; (VII) was first isolated as its hydriodide and, 
because of the insolubility of this salt, prolonged boiling and stirring with caustic alkali 
and benzene were necessary in order to liberate the base (VII). In the methin series, on 
* The numbering of the benzthiazole ring now starts from the sulphur atom as l, 
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— from the A goer: gy base (11; R = Me) to the thiacyanine which is its methiodide 
(IT; = Me, X= I), the maximum shifts 250 a. towards the region of longer wave- 
os Mag passing from the ethyl base (Il; R = Et) to the thiacyanine which is its ethiodide 
(IIl; R = Et, X =1]) the shift is 220a. When the methyl base and the ethyl base are 
dissolved in methyl alcohol containing sulphuric acid, the maxima shift 230 and 200 a., 
respectively, towards the region of longer wave-length. The absorption maximum of base 
(II, R = Et) lies 30 a. further towards the red than that of base (VII). Passing from base 
(VII) to the selenathiacyanine which is its ethiodide, the shift is 300 A., and when the base 
is dissolved in acidified methyl alcohol, the shift is 260 a.; however, on passing from base 
to hydriodide, the shift is only 60 .,indicating that the hydriodide had dissociated in solution. 
In the trimethin series, in the one instance which has been examined, the shift of absorption 
maximum on passing from base to quaternary salt is much greater, being 1020 A. on passing 
from the ethyl base (VI) to the thiacarbocyanine which is its ethiodide. In passing from 
the ethyl base (VI) to an acid salt, the absorption maximum shifts 950 A. towards the region 
of longer wave-length. Thus with these representatives of the thiacyanine and thiacarbo- 
cyanine groups, the observation of Gevaert Photo Producten, N.V. (loc. cit.), that solutions 
of the acid salt and of the quaternary salt have the same colour, is borne out. 

The two thiacyanine bases (II; R = Me or Et) and the thiacarbocyanine base (VI) 
possess photographic sensitising properties. The sensitising action of the last is weakened, 
and extended towards the red, by the addition of acid; as compared with the ethiodide, the 
acid salt is a poor sensitiser. 

Clark’s base (IV; R = Me) (loc. cit.) was prepared by Barent and Kendall’s method 
(loc. cit.), but the ethyl base (IV; R = Et) was prepared by reaction of 2-methylthio- 
quinoline with 2-methylbenzthiazole etho-p-toluenesulphonate, both the new factors 
again being involved. The hitherto unknown isomers (V; R = Me or Et) of these two 
bases were prepared by fusing 2-alkylthioquinoline alkg-p-toluenesulphonate with 2- 
methylbenzthiazole, followed by treatment with alkali, which preparation involves the 
former of the two new points. 

Alko-p-toluenesulphonates would appear to be more suitable than alkiodides as starting 
points in such fusions, since in two instances when alkiodides took their place the results 
were negative, and in a third instance the alkiodide gave a lower yield than did the alko-p- 
toluenesulphonate. In preparing quaternary salts of alkylthiol compounds, anomalies 
have been recorded. Thus on heating 2-methylthioquinoline with ethyl iodide the product 
is 2-ethylthioquinoline methiodide (Beilenson and Hamer, J., 1939, 143), whereas 2- 
methylthiobenzthiazole and ethyl iodide give 2-ethylthiobenzthiazole methiodide (Sexton, 
J., 1939, 470). When using alkylthiol compounds, it is, therefore, a desirable precaution 
to choose salts in which the alkyl groups which are attached to the nitrogen and sulphur 
atoms are the same: this precaution has been taken in the present work. 

The bases of type (IV) were yellow, giving yellow alcoholic solutions, but those of type 
(V) were orange and gave orange solutions, resembling those of the thia-2’-cyanines 
(VIII; R = Me or Et) themselves. Solutions of both types showed on treatment with a 
large excess of mineral acid, ¢.g., hydrochloric acid, the decolorisation which is a character- 
istic of cyanine dyes. With acetic acid, however, or with a moderate excess of mineral acid, 
the two types showed a striking and interesting difference in behaviour; solutions of the 
bases of type (IV) deepened in colour, now approaching the colour of the thia-2’-cyanines, 
whereas solutions of the bases of type (V) showed no preliminary deepening. 

The behaviour of the bases of type (IV) is comparatively simple and will be discussed 
first. On addition of sulphuric acid to methyl-alcoholic solutions of Clark’s base (IV; 
R = Me) and of its ethyl analogue (IV; R = Et), the absorption maximum shifts 440 and 

460 a. respectively, towards the region of longer wave- 


length, whereas passage to the thia-2’-cyanines (VIII; 

FX) mus _ R = Me or Et), which consists in addition to the bases of 
methyl iodide and ethyl iodide respectively, involves shifts 

amt) In obtaining absorption curves of the two bases of type 

. (V), the positions of the maxima as read from the wedge 
spectrograms lay at a shorter wave-length, by about 400 A. in each instance, than those 
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obtained with the Hiifner spectrophotometer. The explanation of this result is that the 
bases are rapidly affected by light, the change consisting in a.shift of the absorption 
maximum towards the region of shorter wave-length. The curves can be plotted by use 
of the Hiifner instrument, if special care be taken, but delay results in a certain shift of 
the maximum, whilst exposure to ultra-violet light gives the values recorded by use of the 
wedge spectrograph, where the source of light is stronger. The bases of type (IV), unlike 
those of type (V), do not show a shift of the maximum on similar exposure to light. 

Measurements on the Hiifner instrument revealed that freshly prepared solutions of 
the bases of type (V; R = Me or Et) have almost the same absorption maxima as the 
thia-2’-cyanines (VIII; R = Me or Et), being only 50 and 40 A., respectively, on the shorter 
wave-length side; thus the methyl and ethyl bases of type (V) have their maxima 540 
and 560 A., respectively, further towards the red than the isomeric bases of type (IV). 
After exposure to ultra-violet light they are only about 200 A. further. When some sulphuric 
acid is added in making up methyl-alcoholic solutions of the bases of type (V), it does not 
affect the position of the absorption maximum nearest the red, so that in this respect these 
bases differ strikingly from all the others.. The action of light on acidified alcoholic solutions 
of the bases of type (V) resembles its action on their alcoholic solutions. 

When tested in a gelatino chloride photographic emulsion, the sensitising action of the 
base of type (IV) was, with each pair, distinctly stronger than that of the isomeric base 
of type (V). So was it also with a pair of 6 : 7-benz-derivatives, described further on. 

The hydriodides of three of these bases of types (IV) and (V) were prepared and the 
hydrochloride of the fourth. The principal absorption maximum of each salt proved to be 
in approximately the same position as the absorption maximum of an acidified solution of 
the corresponding base. The hydriodide of the methyl base of type (V) did not, whilst the 
hydrochloride of that of type (IV) did sensitise; the hydriodide of the ethyl base of type 
(V) had a weak sensitising actign like that of the base itself, whilst that of the ethyl base of 
type (IV) sensitised more strongly although less extensively. 

The thia-2’-cyanine (IX) was converted into a base by boiling with diethylaniline by 
the method which had previously been applied (Gevaert Photo Producten, N.V., loc. cit.) 
only to symmetrical cyanines. Since a methyl-alcoholic solution of this base did not deepen 
in colour when treated with acetic acid, it was concluded to be a 4 : 5-benz-derivative of the 
base of type (V; R=Me). This was confirmed by its synthesis from 2-methylthio- 
quinoline metho-f-toluenesulphonate and 2-methyl-4: 5-benzbenzthiazole. The diethyl 
analogue of (IX) also gave a base which did not deepen in colour on treatment with acid and 
was therefore also regarded as a 4 : 5-benz-derivative of the base of type (V; R = Et). On 
the other hand, the thia-2’-cyanine (X), on treatment with diethylaniline, yielded a base 
which did deepen in colour on treatment with acid. 

It, therefore, was concluded to be the 6: 7-benz-derivative of the base of type (IV; R=Et). 
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This conclusion was confirmed by synthesising the 6 : 7-benz-derivative of type (V; R = Et), 
which proved to be different, undergoing no deepening in colour on addition of excess of 
acetic acid; the synthesis consisted in fusion of 2-ethylthioquinoline etho-f-toluenesul- 
phonate with 2-methyl-6 : 7-benzbenzthiazole. When the simple thia-2’-cyanine (VIII; 
R = Et) was boiled with diethylaniline, the product consisted of a mixture of the isomeric 
bases of types (IV; R = Et) and(V; R =Et). Therefore, after heating thia-2’-cyanines 
with diethylaniline, the product isolated may consist of either one of the two isomeric 
bases, or may be a mixture of the two. The important general conclusion that bases of 
type (IV) deepen in colour on addition of excess of acetic acid, whilst bases of type (V) do 
not, is now supported by a total of seven unequivocal instances. 

With the preceding three benz-derivatives of bases of type (V), the absorption maxima 
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as recorded by the wedge spectrograph are the same as those recorded by use of the Hiifner 
instrument. In one instance the use of the latter instrument showed also a second maximum, 
280 a. further towards the red; because of this fact, and because the positions of the maxima 
are about the same as those given by wedge spectrograms of unsubstituted bases of type (V), 
it is concluded that the absorption maxima of these three benz-derivatives are those of 
solutions which have already changed in the light, though in the one case, with the Hiifner 
instrument, this change was incomplete. With the 6 : 7-benz-derivative of the base of type 
(V; R = Et) the absorption maximum, as recorded by the wedge spectrograph, is 250 a. 
further towards the red than that of the same derivative of the base of type (IV). The 
maximum of the latter is shifted 520 a. towards the red by addition of sulphuric acid, 
whereas the shift, involving addition of ethyl iodide, which occurs on passing to the 
thia-2’-cyanine, is 720 A. From these figures and from those for the two simple bases of 
type (IV), it is apparent that the absorption maxima of quaternary salt and acid salt are 
further apart than in previous instances. 

To prepare the base (XI), of which thia-4’-cyanine is the quaternary salt, 2-ethylthio- 
benzthiazole etho-p-toluenesulphonate and lepidine were fused, the product was heated 
with alkali, and its acetic acid solution treated with potassium iodide to give the hydriodide, 


from which, by prolonged boiling and stirring with caustic alkali and benzene, the base 
was liberated. This base behaves like those of type (IV), to which it is related in structure, 
in that its alcoholic solution deepens in colour on treatment with excess of acetic acid. On 
passing from the base to the thia-4’-cyanine which is its ethiodide, the absorption maximum 
shifts 710 a. into the region of longer wave-length, whilst on passing from the base to the 
hydriodide the shift is 610 4. On passing from the thia-2’-cyanine, which is the ethiodide 
of (IV; R = Et) and (V; R = Et), to the thia-4’-cyanine which is the ethiodide of (X), 
the absorption maximum shifts 170 a. towards the region of longer wave-length; it is 
interesting that the shift on passing from (V; R = Et) to (XI) is in the opposite direction, 
being 500 a. towards the region of shorter wave-length, whilst the positions of the absorption 
maxima of (IV; R = Et) and (XI) are close together. 

Two bases, of which 2 : 2’-cyanines are the quaternary salts, were prepared; ¢.g., brief 
fusion of 2-ethylthioquinoline etho-f-toluenesulphonate and quinaldine, followed by 
treatment with alkali, gave (XII). Its orange alcoholic solution was completely decolorised 
by an amount of sulphuric acid which merely shifted the absorption maximum of each base 
of types (II), (IV), (VI), and (XI) towards the red; this accords with the fact that cyanines 
containing two quinoline nuclei are more readily decolorised by acid than those containing 
a benzthiazole nucleus. Addition of acetic acid reddened the solution of (XII), which 
colour change corresponded with a 450 A. shift of the absorption maximum into the region 
of longer wave-length ; on passing from the base to its ethiodide the shift is 470 a. The base 
possesses two sensitising maxima, of which the one at the longer wave-length is attributed 
to an acid salt. 

In working with the dye bases it has been found convenient to adopt a system of 
nomenclature suggested by Dr. J. T. Hewitt, F.R.S., in place of the more cumbersome 
chemical names. This system consists in stating simply the number of methin groups 
involved, followed by a description of each of the two nuclei. Thus, whereas the systematic 
chemical name of (II) is 2-benzthiazolyl-3’-alkyl-2’ : 3’-dihydro-2’-benzthiazolylidene- 
methane, its simplified name is methin[2-benzthiazole][2-(3-ethyldihydrobenzthiazole)], 


EXPERIMENTAL, 
Methin{2-benzthiazole][2-(3-ethyldihydrobensthiazole)] (Il; R = Et).—3: 3’-Diethylthiacyan- 


ine chloride (III; R= Et, X = Cl) (3 g.) was boiled with freshly distilled diethylaniline 
(210 c.c.) for 4 hours (cf. Gevaert Photo Producten, N.V., B.P, 477,990/1935).. The diethyl- 
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aniline was removed by steam distillation, but, instead of following the Gevaert procedure, the 
residue was extracted with benzene. The dried benzene extract gave a tar, which was taken up 
in a few c.c. of hot acetone. An almost colourless substance crystallised on cooling, in 46% 
yield (1-14 g.); the filtrate was very dark. After recrystallisation from acetone (7 c.c.), the yield 
was 29% (0-71 g.). The base was dried in a vacuum desiccator and analysed by the method of 
Carius, which was used throughout this work, except where otherwise stated (Found: S, 
20-7. Calc. for C,,H,,N,S, : S, 20:7%). If heated quickly, the very pale yellow crystals have 
m. p. 130°, but if heated slowly they do not melt until 162°; the substance may solidify after 
melting at 130° and melt again at 162°. Mills gives m. p. 163° (J., 1922, 121, 455). The 
absorption maximum of the methyl-alcoholic solution lies at 4000 a., with an inflection at 3850; 
Fisher and Hamer (Proc. Roy. Soc., 1936, A, 154, 703) record 4220 a., for the corresponding 
thiacyanine iodide. When sulphuric acid is added to the methyl alcohol (10 g. per 100 c.c.) 
used for dissolving the base, the absorption maximum, for this compound and the next, lies at 
4200 a. The base sensitised a gelatino silver chloride photographic emulsion, the maximum 
lying at 4300 a. 

Methin{2-benzthiazole}[2-(3-methyldihydrobenzthiazole)| (II,; R = Me).—2-Methylthiobenz- 
thiazole (3-62 g.; 1 mol.) and 2-methylbenzthiazole metho-p-toluenesulphonate (6-71 g.; 1 mol.) 
were ground together and heated at 165—175° for 1 hour. The product was heated with 
40% sodium hydroxide solution and extracted with chloroform, and the extract dried over 
anhydrous sodium sulphate. After removal of the solvent, the liquid residue was treated with 
hot acetone (40 c.c.). Crystals separated on cooling (1-16 g.) and more on concentration (0-16 g.), 
making a total yield of 22%. After two more recrystallisations from acetone (35 c.c. per g.), the 
yield was 13% (Found for material dried in a vacuum desiccator: S, 21-95. Calc. for 
C,,.H,,N,S, : S, 21-65%). The pale yellow crystals have m. p. 176°, whereas Mills (Joc. cit.) gives 
m. p. 172°, The absorption maximum lies at 3970 a., with an inflection at 3830, and Mills (loc. 
cit.) records 4220 for the thiacyanine iodide. The base sensitises a silver chloride emulsion, the 
maxima lying at 4000 and 4300 a. 

An attempt to bring about reaction between 2-methylthiobenzthiazole and 2-methylbenz- 
thiazole methiodide gave a negative result. 

Methin(2-benzthiazole)[2-(3-ethyldihydrobenzselenazole)| Hydriodide—2-Methylbenzselenazole 
(3-93 g.; 1 mol.) and ethyl p-toluenesulphonate (4-00 g.; 1 mol.) were fused together at 145— 
155° for 3 hours and the gum produced was boiled out twice with -benzene (30 c.c. x 2) and 
heated with 2-methylthiobenzthiazole (3-6 g.; 1 mol.) at 165—175° for 1 hour. After heating 
with alkali, extraction with chloroform, drying, and removal of the solvent, the residue was 
dissolved in hot acetic acid (7 c.c.), and this solution treated with potassium iodide (6-64 g.; 
2 mols.) dissolved in hot water (7 c.c.), After cooling, the brown sticky mass was washed with 
aqueous acetic acid and ground three times with acetone (15 c.c. x 3). The residue comprised 
a 27% yield (2-63 g.). It was recrystallised from methyl alcohol (415 c.c.), the yield then being 
21% (2-02 g.) (Found: I, 26-1. C,,H,,N,SSe,HI requires I, 26-15%). The bright yellow 
hydriodide had m. p. 243° (decomp.). The absorption maximum lies at 40304. with an 
inflection at 4300. It sensitised a chloride emulsion, showing a broad maximum at 4300 a. 

Methin([2-benzthiazole)[2-(3-ethyldihydrobenzselenazole)] (VII).—The above hydriodide (1-84 g.) 
was boiled and stirred for 20 minutes with benzene (400 c.c.) and 20% sodium hydroxide 
solution (300 c.c.).- After cooling, the solid was filtered off and boiled and stirred again with the 
same alkali and fresh benzene (400 c.c.). The base obtained from the dried benzene extracts 
(1-08 g.; 71% yield) was recrystallised from acetone (4 c.c.) and obtained in 55% yield (0-84 g:) 
(Found: S, 8-85. C,,H,,N,SSe requires S, 9-0%). The yellow solid had m: p: 134—135°. 
The absorption maximum was at 3970 a. and addition of sulphuric acid (10 g. per 100 c.c.) 
shifted it to 4230 a. Beilenson, Fisher, and Hamer record 4270 for the selenathiacyanine which 
is the ethiodide of this base (Proc. Roy. Soc., 1937, A, 163, 138). 

Trimethin(2-benzthiazole][2-(3-ethyldihydrobenzthiazole)| (V1).—3 : 3’-Diethylthiacarbocyanine 
iodide (4 g.) was boiled with diethylaniline (200 c.c.) for 1 hour and the diethylaniline was 
removed by steam distillation (Gevaert Photo Producten, N.V., loc. cit.). The residue was 
extracted with benzene, and the extract dried. After removal of the solvent, the gummy 
residue solidified on grinding with light petroleum (b. p. 40—60°) (2-54 g. obtained, 93% yield). 
After recrystallisation from ethyl acetate (12 c.c.), the yield was 50% (1-37 g.). The product 
was dried for analysis in a vacuum at 60—80°, which method of drying was used throughout 
this work, except where otherwise stated (Found: ‘S, 18-8. C gH, N,S, requires S, 19-1%). 
The small red crystals have m. p. 136—137°. A wedge spectrogram showed the absorption 
maximum of a methyl-alcoholic solution at 4550 a.; Fisher and Hamer (loc. cit.) give 5570 a. 
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for the thiacarbocyanine iodide.. By addition of acetic acid, the absorption maximum of the 
base was shifted to 55004. On a gelatino silver bromide photographic emulsion the base 
conferred extra-sensitivity, with a maximum at 5400 a. ; in the presence of acid the sensitisation 
was weaker but extended to 6200 a, with an additional maximum at 6000. The base gave good 
sensitising of a silver chloride emulsion, but its action was weakened by the presence of acid. 

Methin[2-quinoline)[2-(3-methyldihydrobenzthiazole)| (IV; R = Me).—2-Methylthiobenzthi- 
azole (3-62 g.) was fused with methyl p-toluenesulphonate at 150—160° for 3 hours. After addition 
of quinaldine (1 mol. of each reactant) to the resultant solid, it liquefied on heating, but after an 
hour at 150—160° was again solid. It was heated with sodium hydroxide solution and extracted 
with chloroform, and the extract was dried. The solvent was removed, and the residue cooled 
in a vacuum desiccator. After recrystallisation from acetone (45 c.c.), the yield (3-25 g.) was 
56%. After a second recrystallisation from acetone, the yield was 44% (Found: S, 10-85. 
Calc. for C,,H,,N,S: S, 11-05%). The deep yellow crystals have m. p. 162°, whereas Clark gives 
m. p. 165° (J., 1936, 507). The absorption maximum of a methyl-alcoholic solution lies at 
4260 a., with a secondary maximum at 3370, and is shifted by addition of sulphuric acid (10 g. 
per 100 c.c.) to 4700 with a secondary maximum at 3150. For the thia-2’-cyanine which is the 
methiodide of this base and the next, Hamer gives 4850 a. for the absorption maximum (J., 
1928, 206). On a silver chloride emulsion, the base confers strong extra-sensitivity extending to 
5500 a., with maxima at 4700 and 5100. 

When 2-methylthiobenzthiazole methiodide was used instead of the metho-p-toluene- 
sulphonate, the dye base was not obtained. 

Methin{[2-quinoline)(2-(3-methyldihydrobenzthiazole)| Hydrochloride.—The above base (2-85 g.) 
was suspended in hot spirit (6 c.c.) and treated with a hot mixture of concentrated hydrochloric 
acid (3 c.c.) and water (12 c.c.). The hydrochloride (3-51 g.) was recrystallised from methyl 
alcohol (21 c.c.) and obtained in 94% yield (3-0 g.) (Found: Cl, 10-9. C,,H,,N,S,HCl requires 
Cl, 10-9%). The red crystals gave a yellow methyl-alcoholic solution with its absorption 
maximum at 4720 a. and an inflection to the curve at 4400. The colour of the solution rapidly 
faded in daylight; after fading, the absorption maxima were those of the original base. The 
sensitising action in a gelatino bromide photographic emulsion extends to 5400a. with a 
maximum at 5000. 

Attempts to prepare the hydriodide by the action of aqueous potassium iodide, either on 
an alcoholic solution of the hydrochloride or on an acetic solution of the base, led to a product 
of lower iodine content than that calculated. 

Methin{[2-(1-methyldihydroquinoline) \[2-benzthiazole)] (V; R = Me).—2-Methylthioquinoline 
(7 g.) and methyl -toluenesulphonate were heated together at 140—150° for 1} hours, 
2-methylbenzthiazole added (1 mol. of each reactant), and heating continued for 3 hours. The 
red solid was heated with sodium hydroxide solution, and the base extracted with chloroform. 
After crystallisation from acetone (160 c.c.) it was obtained in 57% yield (Found: S, 11-05. 
C,,H,,N,S requires S, 11-05%). The bright red crystals melt at 140°, with previous softening. 
A freshly prepared methyl-alcoholic solution has its absorption maximum at 4800 a. with an 
inflection to the curve at 4550. After exposure to light the maximum is at 4600 with a secondary 
maximum at 3500, and after exposure to ultra-violet light, or in the wedge spectrograph, the 
maximum is at 4450. With addition of sulphuric acid (10 g. per 100c.c.) there are maxima at 
4650 and 4800, but the principal maximum is at 3230 a. Towards a silver chloride emulsion 
the sensitising is weak and extends to 5700 a. with a maximum at 5400. 

Methin(2-(1-methyldihydroquinoline) |[2-benzthiazole] H ydriodide.—The preceding base (2 g.) was 
dissolved in hot acetic acid (20 c.c.) and treated with a hot solution of potassium iodide (2 g.) 
in water (20 c.c.). The hydriodide (2-86 g.) after recrystallisation from methyl alcohol (100 c.c.) 
was obtained in 71% yield (2-01 g.) (Found: I, 80-25. C,,H,,N,S,HI requires I, 30-35%). 
M. p. 185° (decomp.). A methyl-alcoholic solution of the orange solid has absorption maxima 
at 4630 and 4800 a., but the principal maximum is at 3150. It gave no sensitisation of a gelatino 
bromide photographic emulsion and considerable depression of blue speed. 

Methin[2-quinoline)(2-(3-ethyldihydrobenzthiazole)| (IV; R = Et).—The base was prepared 
by fusion of 2-methylthioquinoline (1-75 g.) and 2-methylbenzthiazole etho-p-toluenesulphonate, 
followed by heating with aqueous sodium hydroxide and extraction with chloroform. After 
removal of the solvent, the sticky residue was crystallised from acetone (15 c.c.). The yield of 
crystallised base was 40% (1-21 g.); recrystallisation from acetone (10 c.c.) reduced it to 25% 
and another recrystallisation (8 c.c. per g.) to 19% (Found for material dried in a vacuum 
desiccator: S, 10-6. C,H,,NjS requires S, 105%). M. p. 151° with softening from about 
135°. The lemon-yellow crystals show in methyl-alcoholic solution an absorption maximum 
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at 4260 a., with the maximum of a secondary band at 3390, and addition of sulphuric acid 
(10 g. per 100 c.c.) shifts the maximum to 4720, the maximum of the secondary band lying at 
3200. For the thia-2’-cyanine which is the ethiodide of this base and the next, Beilenson, 
Fisher, and Hamer give 4860 a. for the absorption maximum (Proc. Roy. Soc., 1937, A, 163, 
138). In a silver chloride emulsion, the weak sensitising action of the base extends from 4200— 
5300 a., with a maximum at about 5000. 

Methin[2-quinoline)(2-(3-ethyldihydrobenzthiazole)| Hydriodide——A hot acetic acid solution 
of the preceding base was treated with a hot aqueous solution of potassium iodide. The Aydr- 
todide (93% yield) was recrystallised from methyl alcohol (190 c.c. per g.) and obtained in 83% 
yield (Found : I, 29-35. C,.H,,.N,S,HI requires I, 29-4%). The scarlet crystals have m. p. 264° 
(decomp.), with previous softening. Their methyl-alcoholic solution has its absorption maximum 
at 4730 a., with the maximum of a secondary band at 3450. Ina gelatino bromide photographic 
emulsion, the extra-sensitivity extends to 5400 a., the maximum lying at 5000. 

Methin[2-(l-ethyldihydroquinoline))(2-benzthiazole] (V; R = Et).—2-Ethylthioquinoline etho- 
p-toluenesulphonate (3-89 g.) and 2-methylbenzthiazole (1 mol. of each) were heated together 
at 155—165° for 3 hours. The product was heated with sodium hydroxide solution, and the 
base extracted with chloroform. After removal of solvent from the dried extract, the residue 
was taken up in hot acetone (35 c.c.); the base crystallised on cooling, in 41% yield (1-25 g.) 
(Found: S, 10-5. C,sH,,N,S requires S, 10-5%). The orange crystals had m. p. 160°. The 
freshly prepared methyl-alcoholic solution had its absorption maximum at 4820 a., with the 
maximum of a weaker band at 4600. After exposure to light the maximum of the chief band 
lay at 4600 and that of a secondary band at 3350, and on exposure to ultra-violet light and in the 
wedge spectrograph the maxima were at 4550 and 4450 respectively. With addition of sulphuric 
acid (10 g. per 100 c.c.) the maximum was still at 4820, and gave place on fading to one at 
4650, the principal one then lying at 3250. Upon a bromide emulsion the base confers weak 
extra-sensitivity extending to 5600 and with an indefinite maximum at 5250. 

Methin(2(1-ethyldihydroquinoline)|(2-benzthiazole|Hydriodide.—The preceding base, in acetic 
acid, was treated with aqueous potassium iodide. After recrystallisation from methyl alcohol 
(80 c.c. per g.), the yield of hydriodide was 81%, and after a second recrystallisation 67% 
(Found : I, 29-5. C,,H,,N,S,HI requires I, 29-4%). The red crystals have m. p. 223° (decomp.), 
with previous softening. The methyl-alcoholic solution has the maximum of its principal band 
at 4810 a. and that of a secondary band at 4600. Fading is produced by ultra-violet light, 
after which only the maximum at 4600 remains but the principal band is now at 3350. The 
sensitising action of the hydriodide is like that of the base itself. 

Methin(2-(1-methyldihydroquinoline) |[2-(4 : 5-benzbenzthiazole)|.—3 : 1'-Dimethyl-4 : 5-benz- 
thia-2’-cyanine iodide (3 g.) was boiled with diethylaniline and, after removal of the excess 
of the latter, the residual dye base was extracted with benzene. The solid from the extract was 
washed with light petroleum (b. p. 40—60°) (2-11 g. obtained). After recrystallisation from 
absolute alcohol (365 c.c. per g.), the yield was 47% (1 g.) (Found: S, 9-5. C,,H,,N,S requires 
S, 94%). The dull red crystals had m. p. 172°. A wedge spectrogram of their methyl-alcoholic 
solution showed an absorption maximum at 4500 a. On addition of excess of acetic acid, the 
colour did not deepen. For the thia-2’-cyanine which is the methiodide of this base, Hamer 
gives 5000 a. for the absorption maximum (J., 1929, 2598). In a chloride emulsion the sensitising 
maximum of the base was at 5200, in a bromide emulsion there was no maximum but only a 
tailing off of the sensitivity, and in the presence of acid a maximum appeared at 5400: 

According to the synthetic method, 2-methylthioquinoline (3-5 g.) and methyl p-toluene- 
sulphonate were heated together at 140—150° for 1} hours; then 2-methyl-4 : 5-benzbenzthiazole 
was added and heating continued for 3 hours. After heating with hot alkali, the base was 
extracted with chloroform and, after removal of solvent, taken up in hot acetone (60c.c.). It 
crystallised in 25% yield (1-72 g.), and was first recrystallised from acetone (80 c.c.), being thus 
obtained in 20% yield (1-38 g.), and then from benzene (8 c.c. per g.), the yield falling to 15% 
(Found: S, 95%). It and the base prepared by the preceding method and.a mixture of the 
two melted simultaneously. Their solutions in spirit were identical in colour and behaved 
identically on treatment with acetic acid. 

Methin{(2-(1-ethyldihydroquinoline)}[2-(4 : 5-benzbenzthizole)|.—The base isolated after 3 : 1’- 
diethyl-4 : 5-benzthia-2’-cyanine iodide (3 g.) had been boiled with diethylaniline remained 
sticky even after washing with light petroleum. After crystallisation from ethyl acetate (10 c.c.) 
it resulted in 62% yield (1-29 g.), and after another recrystallisation the yield was 49% (1-02 g.) 
(Found: S, 91. C,3H,,N,S requires S, 905%). The red crystals had m. p; 133°. A wedge 
spectrogram of their orange methyl-alcoholic solution had its absorption maximum at 4600 a., 





[1940] Methincyanines are the Quaternary Salts. 807 


and the colour did not deepen on addition of excess of acetic acid. As plotted by use of the 
Hiifner instrument, the principal maximum of the base was at 4600 and another at 4880. For 
the thia-2’-cyanine which is the ethiodide of this base, Beilenson, Fisher, and Hamer give 
5030 for the absorption maximum (Proc. Roy. Soc., 1937, A, 163, 138). Ina chloride emulsion 
the sensitising maximum of the base was at 5200, and in the presence of acid the sensitising was 
weaker, with maxima at 4850 and 5250; in a bromide emulsion the extra-sensitivity consisted 
only in a tailing off of the normal sensitivity, and in the presence of acid a maximum appeared 
at 5350. 

Methin[2-quinoline)[2-(3-ethyldihydro-6 : '1-benzbenzthiazole)|.—The base prepared by boiling 
3 : 1’-diethyl-6 : 7-benzthia-2’-cyanine iodide (3 g.) with diethylaniline, followed by steam 
distillation and extraction of the residue with benzene, was crystallised from acetone in two 
fractions (50 c.c., 50 c.c.), the total yield being 60% (1-26 g.). M. p. determinations showed the 
two fractions to be identical, so they were recrystallised together from acetone (75 c.c.), the 
yield then being 46% (0-96 g.) (Found: S, 9-3. C,,;H,,N,S requires S, 9-05%). M. p. 204°. Its 
mixed m. p. with the following base was 178—185°, whence the bases were concluded to be non- 
identical and whence the constitution of the present base was deduced. The yellow crystals 
give a yellow solution in spirit, which deepens on adding excess of acetic acid. The absorption 
maximum of the base is at 4300 a., and in presence of acid at 4750. The thia-2’-cyanine which 
is the ethiodide of this base and the next has its maximum at 5020 (Beilenson, Fisher, and Hamer, 
Proc. Roy. Soc., 1937, A, 168, 138). This is a moderate sensitiser for chloride emulsions, its 
action extending to 5300 with a maximum at 4500. 

Methin(2-(1-ethyldihydroquinoline)|[2-(6 : 7-benzbenzthiazole)|.—After fusion of 2-ethylthio- 
quinoline etho-p-toluenesulphonate (3-89 g.) with 2-methyl-6 : 7-benzbenzthiazole at 150—160° 
for 7 hours, followed by heating with sodium hydroxide solution and extraction with chloro- 
form, the resultant base was boiled out with acetone (80 c.c.), and the undissolved portion 
recrystallised from benzene (60 c.c.) (0-73 g. obtained). The product that crystallised from the 
acetone extract (0-17 g.) was recrystallised from benzene (25 c.c.) and the crystals thus obtained 
(0-06 g.) were added to the others, bringing the yield up to 22% (0-79 g.). After a second 
recrystallisation from benzene (40 c.c.) the yield was 18% (0-62 g.) (Found: S, 8-9. C,,;H,,N,S 
requires S, 905%). The red crystals had m. p. 228° and gave a deep orange methyl-alcoholic 
solution, with an absorption maximum at 4550 a. as shown by a wedge spectrogram and at 
4620 as plotted on the Hiifner spectrophotometer; the colour did not deepen on addition of 
acetic acid. The base conferred very weak sensitivity, extending to about 5600 for moderate 
exposures, and depressed blue sensitivity considerably. 

Action of Diethylaniline on 3 : 1'-Diethylthia-2'-cyanine Iodide.—The crude base, which was 
the product of the reaction, was taken up in hot acetone; it separated, on cooling, as a solid, 
in 68% yield. After recrystallisation from acetone (4 c.c. per g.), the yield was 44% (Found : 
S, 10-6. Calc. for C,y,H,,N,S; S, 10°5%). The orange crystals melted at 115—120° and gave a 
deep yellow solution in spirit, the colour of which intensified on addition of excess of acetic 
acid. From m. p. determinations it is concluded to be a mixture of methin({2-quinoline][2- 
(3-ethyldihydrobenzthiazole)] and methin([2-(1-ethyldihydroquinoline)][2-benzthiazole]. 

Methin[4-quinoline}(2-(3-ethyldihydrobenzthiazole) } Hydriodide.—2-Ethylthiobenzthiazole 
(3-9 g.; 1 mol.) and ethyl ~-toluenesulphonate (4-0 g.; 1 mol.) were heated together at 155— 
165° for 3 em After being washed with absolute ether, the quaternary salt was heated with 
lepidine (2-7 o.c.; 1 mol.) at 140—150° for 30 minutes. The resultant red solid was heated 
with 40% sodium hydroxide solution, more water added, and chloroform extraction carried 
out, After removal of solvent from the dried extract, the residual tar was taken up in hot 
acetic acid (10 c.c.) and treated with a hot solution of potassium iodide (3 g.) in water (10 c.c.). 
After cooling, the hydriodide was filtered off and ground with acetone (20 c.c.); the yield was’ 
then 42% (3-67 g.). On recrystallisation from methyl alcohol (600 c.c.) the first crop (250 g.) 
amounted to a 29% yield (Found: I, 29-2. C,H,,N,S,HI requires I, 29-4%). The bright red 
crystals melted at about 288° (decomp.). The absorption maximum was at 4930. For the 
thia-4’-cyanine which is the ethiodide, the absorption maximum is at 5030 (Beilenson, Fisher, 
and Hamer, Proc. Roy. Soc., 1937, A, 168, 138). For moderate exposures the hydriodide sensitised 
a bromide emulsion up to 5700 a., with a maximum at 5100. 

Methin[4-quinoline)[2-(3-ethyldihydrobenzthiazole)| (X1I).—The above hydriodide (2-7 g.) 
was boiled and stirred mechanically with benzene (600 c.c.) and 20% sodium hydroxide solution 
(460 c.c.) for 30 minutes. After cooling, the layers were separated, and the undissolved solid 
again boiled with the alkali and a fresh lot of benzene (150 c.c.). Even after this treatment, some 
hydriodide (0-11 g.) was left undissolved. The benzene extracts were dried over sodium sulphate, 
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and the solvent removed. The residue was crystallised from acetone (7 c.c.); the yield was 
63% (1-19 g.). After a second crystallisation from acetone (6 c.c.), the yield was 45% (0-85 g.), 
after a third 33%, and after recrystallisation from ethyl acetate (5 c.c. per g.) 26% (Found: S, 
10-35. C, 9H,,N,S requires S, 10-5%). M. p. 131°. A methyl-alcoholic solution of the orange- 
yellow crystals, containing a few drops of triethylamine, has its absorption maximum at 
4320 a. It sensitised a chloride emulsion strongly with maxima at 4400, 4700, and 5100. 

Methin[2-quinoline)[2-(1-ethyldihydroquinoline)| (XII).—2-Ethylthioquinoline etho-p-tolu- 
enesulphonate (3-89 g.; 1 mol.) and quinaldine (1-4 c.c.; 1 mol.) were heated together at 
145—155° for 10 minutes. The product was heated with alkali and extracted with benzene, 
and the extract dried. After removal of solvent, the residue was taken up in hot acetone 
(7 c.c.) ; it crystallised in 47% yield (1-40 g.). After another crystallisation from acetone 
(10 c.c.) the yield was 36% (1-08 g.) (Found: N, 9-6. C,,H,,N, requires N, 9-4%). M. p. 140°, 
with previous softening. The bright red crystals gave an orange methyl-alcoholic solution 
having a broad absorption band with maximum at 4750 a.; there was a secondary maximum at 
4550, and an inflection to the curve at 5200. On addition of sulphuric acid (10 g. per 100 c.c.), 
the solution was decolorised. On addition of acetic acid (10 g. per 100 c.c.), the maximum of 
the principal band shifted to 5200 and there were secondary maxima at 4880 and 5300. The 
2 : 2’-cyanine which is the ethiodide of the base has its absorption maximum at 5220 (Fisher and 
Hamer, Proc. Roy. Soc., 1936, A, 154, 703). In a gelatino bromide photographic emulsion 
containing the base, the sensitising maxima are at 5400 and 5800. 

Methin(2-quinoline)(2-(1-methyldihydroquinoline)|.—2-Methylthioquinoline metho-p-toluene- 
sulphonate was heated with quinaldine (1-4 c.c.), and the reaction mixture heated with alkali 
and extracted with chloroform. After being washed with light petroleum (b. p. 40—60°), the 
product was boiled out with benzene (20 c.c.), from which a 25% yield (0-72 g.) crystallised. A 
corresponding preparation with 2-methylthioquinoline methiodide gave only an 8% yield 
(Found: N, 9-9. C, 9H,,N, requires N, 99%). The brick-red crystals had m. p. 154° with 
previous softening. 


I am indebted to Mr. R. B. Morris for the extensive investigation of the absorption curves, 
to Dr. E. P. Davey for reports on the sensitising properties of the dye bases, to Dr. B. Beilenson 
for some preliminary chemical work, and to Dr. L. G. S. Brooker for his helpful criticism. 
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150. The Carbonyl Constituents of Eucalyptus Oils. Part III. The 
Constitution of Phellandral. d-, 1-, and dl (Synthetic)-Phellandric Acids. 
By R. G. Cooke, A. KILLEN MACBETH, and T. B. SWANSON. 

Further evidence for the accepted constitution of phellandral has been obtained. 


THE constitution of phellandral (4-isopropyl-A!-cyclohexene-l-aldehyde, A1-tetrahydro- 
cuminal) is a matter of interest, as the evidence on which the accepted structure rests 
(Schimmel, Semi-annual Reps., Oct./Nov., 1904, 90) cannot be regarded as a rigid proof. 
Additional support for this structure follows from the conversion of phellandric acid into 
hexahydrocuminic acid, the epimeric forms of which have already been characterised by 
Cooke and Macbeth (J., 1939, 1245). The 1 : 4 positions of the substituents in phellandral 
‘are thus established, and the position of the ethylene linkage is fixed by the synthesis of 
dl-phellandric acid from «-bromohexahydrocuminic acid, which is also now described. 

To complete the proof the resolution of the synthetic acid into antipodes identical with 
the active acids derived from d- and /-phellandral is required, but this has not yet been 
achieved. The conversion of the natural aldehydes into the corresponding active acids is 
conveniently brought about by oxidation with silver oxide. 


EXPERIMENTAL. 


d-Phellandric Acid.—The spontaneous aerial oxidation of phellandral to phellandric acid is 
slow and gives rise to gummy products, so the change is better brought about by the action of 
silver oxide, following the method of Delépine and Bonnet (Compt. rend., 1909, 149, 39). 
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d-Phellandral (16 g.), isolated from water-fennel oil (Berry, Macbeth, and Swanson, J., 1937, 
1448; Macbeth and Winzor, J., 1939, 264) and having a specific rotation of + 73°, was dissolved 
in alcohol (600 c.c.), and silver nitrate added (38 g. in 120 c.c. of water). N/2-Sodium hydroxide 
(750 c.c.) was gradually added with vigorous shaking during $ hour, and after further mechanical 
shaking for 3 hours the mixture was left overnight. The precipitated silver was removed and 
washed, the filtrate saturated with carbon dioxide, the alcohol distilled off, and the whole 
concentrated to about 700 c.c. On acidification after cooling, d-phellandric acid was 
precipitated ; it was dried on tile and crystallised from dilute ethanol. The pure d-phellandric 
acid had m. p. 144—1465° and [a]? +112-8° in methyl alcohol (c, 2-083) (Found: C, 71-6; H, 
9-4. C,9H,,O, requires C, 71-4; H, 96%). The p-chlorophenacyl ester formed flat pearly 
needles from aqueous alcohol, m. p. 78—78-5°, [«]?”” +-71° in chloroform (c, 1-967) (Found : C, 
67°25; H, 6-45; Cl, 11-25. C,,H,,0O,Cl requires C, 67-4; H, 6-6; Cl, 111%). The p-bromo- 
phenacyl ester separated in long fine needles from dilute alcohol, m. p. 86°, [«]?”” +68-1° in chloro- 
form (c, 2-041) (Found: C, 59-05; H, 5-8; Br, 21-9. C,,H,,O,Br requires C, 59-2; H, 5-8; 
Br, 21-9%). 

l-Phellandric acid formed by oxidation of /-phellandral with silver oxide as described above, 
had m. p. 144—145° and [a]?” —112-6° in methanol (c, 2-07). It formed a p-chlorophenacyl 
ester, which crystallised in flat pearly needles from dilute alcohol or light petroleum, m. p. 
78—78-5°, [a] —57° in chloroform (c, 2-155) (Found: C, 67-2; H, 6-55; Cl, 11-2%). The 
p-bromophenacyl ester separated from dilute alcohol as a mass of fine needles, m. p. 86°, [a]}” 
—52-2° in chloroform (c, 2-07) (Found: C, 59-25; H, 5-7; Br, 220%). J-Phellandric acid 
formed a p-nitrobenzyl ester when the sodium salt was refluxed in aqueous alcohol with a slight 
excess of p-nitrobenzyl bromide. After three crystallisations from methanol the ester was 
obtained in clusters of short, pale yellow needles, m. p. 56—57° (Found: C, 67-45; H, 6-9; 
N, 4°65. C,,H,,O,N requires C, 67-3; H, 7-0; N, 46%). 

Conversion of 1-Phellandric Acid into Hexahydrocuminic Acid.—(a) 1-Phellandric acid (5 g.) 
in glacial acetic acid (30 c.c.) in the presence of platinum oxide (Adams’s catalyst, 0-2 g.) was 
shaken with hydrogen in a flask attached to a shaking machine and warmed by a jet of steam. 
The theoretical amount of hydrogen was absorbed in about }# hour; after filtration from the 
catalyst and removal of acetic acid under reduced pressure, the residual oil was distilled at 
138°/3 mm. The cis-hexahydrocuminic acid (3-5 g.) was identified by conversion into the 
p-chlorophenacyl ester, m. p. 61°, and the ~-bromophenacy] ester, m. p. 85°, which showed no 
depression of m. p. when mixed with authentic derivatives (Cooke and Macbeth, loc. cit.).  (b) 
l-Phellandric acid (8 g.), dissolved in 10% sodium hydroxide solution (50 c.c.), was hydrogenated 
in presence of Raney nickel at 120°/1360 lb. After 3 hours’ shaking, the catalyst was filtered 
off on cooling, and the hexahydrocuminic acid precipitated by hydrochloric acid. The product 
solidified in the refrigerator after some hours, and was crystallised from formic acid. It had 
m. p. 94—95° and was identified as tvans-hexahydrocuminic acid by preparation of the 
p-chlorophenacyl ester, m. p. 97-5° (Cooke and Macbeth, loc. cit.). 

Cuminic Acid from Cuminal.—The following method is more convenient and gives better 
yields than the hydrogen peroxide method (Cooke and Macbeth, loc. cit.). A solution of 
cuminal (100 g.) in acetone (500 c.c.) was cooled in ice and mechanically stirred while 
potassium permanganate was added until a permanent pink coloration was obtained (about 
70 g.). The manganese sludge was filtered off and washed with hot water, and cuminic acid 
precipitated from the filtrate by acidification and recrystallised from ethanol or dilute acetic acid. 

a-Bromohexahydrocuminic Acid.—trans-Hexahydrocuminic acid (20 g.), obtained by 
hydrogenation of cuminic acid in alkaline solution with Raney nickel as a catalyst (Cooke and 
Macbeth, Joc. cit.), was treated with phosphorus pentachloride (40 g.). The mixture was finally 
heated on the water-bath for 20 minutes and allowed to cool somewhat, bromine (1-25 mols.) 
added, and the heating continued until the colour of the bromine had practically disappeared 
(about 2 days). The product was poured into formic acid (75%, 4—5 vols.), heated on the 
water-bath for $ hour, and allowed to cool. The bromo-acid which separated became crystalline 
after some days; recrystallised from light petroleum (b. p. 59—60°) (charcoal), it formed small 
pearly plates, m. p. 91° (Found: C, 48-3; H, 6-8; Br, 32-0. C,,H,,O,Br requires C, 48-2; 
H, 6-9; Br, 32-1%). 

Ethyl a-Bromohexahydrocuminate.—It is convenient to prepare the ester of the bromo-acid 
for the synthesis of dl-phellandric acid (A!-tetrahydrocuminic acid), as the crude ester can be 
subjected to simultaneous debromination and hydrolysis. The mixture of cis- and trans- 
cuminic acids can be used for its preparation. After conversion into the acid chloride and 
bromination as described above, the cooled product was poured slowly into an excess of well- 
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cooled alcohol. After some hours the mixture was poured into water, and the ester extracted 
with ether. The extract was washed with water, then with dilute sodium carbonate solution, 
and dried over calcium chloride. After removal of the solvent, the crude ester was used for the 
next step without further purification (the ester boiled at 126—128°/3 mm. with considerable 
decomposition). 

dl-Phellandric Acid (4-isoPropyl-A'-cyclohexene-1-carboxylic Acid).—The crude bromo-ester, in 
in the first experiments, was debrominated and hydrolysed by refluxing with potassium hydr- 
oxide in methanol; water was then added, and the methyl alcohol removed. From the oily 
acid obtained on acidification, only a small yield of crystalline phellandric acid was isolated. 
The product evidently consisted largely of «-hydroxyhexahydrocuminic acid, as dihydrocryptone 
(4-isopropylcyclohexan-l-one) was isolated when the oil was gradually added to concentrated 
sulphuric acid cooled in a freezing mixture; carbon dioxide was given off, and on dilution and 
steam-distillation the ketone was collected and identified by its 2 : 4-dinitrophenylhydrazone 
(m. p. 119-5—120°) (compare the conversion of «a-hydroxyhexahydrotoluic acid into 4-methy]l- 
cyclohexanone; Perkin, J., 1906, 89, 835). In later experiments the crude bromo-ester (65 g.) 
was simultaneously debrominated and hydrolysed by gradual addition to a solution of sodium 
(25 g.) in methyl alcohol (200 c.c.) boiling under reflux; sodium bromide separated. After 
an hour’s refluxing, the mixture was diluted with water, and the methyl alcohol distilled off. 
The aqueous residue was acidified in the cold with concentrated hydrochloric acid, and the 
precipitated acid recrystallised from aqueous methyl alcohol. The average yield of crystalline 
dl-phellandric acid was about 50% of the weight of hexahydrocuminic acid initially used, the 
more soluble fractions obtained from the crystallisations being mainly oily. These contained 
the a-hydroxy-acid, which, although not obtained pure, was shown to be present by its 
decarboxylation to dihydrocryptone. The pure dl-phellandric acid had m. p. 143—144° (Found : 
C, 71:3; H, 9°55. CygH,,O, requires C, 71-4; H, 96%). The p-bromophenacyl ester had m. p. 
86—86-5° (Found: C, 59-0; H, 5-85; Br, 22:1. C,,H,,O,Br requires C, 59-2; H, 5-8; Br, 
21-9%). 


One of us (R. G. C.) is indebted to the Commonwealth Government for a Federal research 
grant which enabled him to participate in the work. 


JoHNsOoN CHEMICAL LABORATORIES, UNIVERSITY OF ADELAIDE. 
New ENGLAND UNIVERSITY COLLEGE, ARMIDALE, N.S.W. [Received, May 6th, 1940.]} 





151. The Nitrosation of Phenols. Part XVII. 0-Fluorophenol, and 
a Comparative Study of the Four o-Halogenophenols. 


By HERBERT H. Hopcson and Donatp E. NICHOLSON. 


Nitrous acid reacts with o-fluorophenol to form a little 2-fluoro-6-nitrophenol, but 
mainly 2-fluoro-4-nitrosophenol, of which the quinoneoxime modification, like those of 
the other 2-halogeno-analogues, only exists in derivatives and not in the free state. In 
its properties and derivatives it resembles the other 2-halogeno-4-nitrosophenols now 
described. Further examples of the rule that nitroso-compounds melt at a lower 
temperature than the isomeric quinoneoximes are given. 


THE action of nitrous acid on o-fluorophenol in aqueous solution is analogous to that on 
o-chloro-, o-bromo-, and o-iodo-phenol (Hodgson and Moore, J., 1925, 127, 2260), 2-jlworo-4- 
nitrosophenol being produced. In like manner, the quinoneoxime modification is found to 
exist only in salts, in a methyl ether, and in such condensation products as the #-nitro- 
phenylhydrazone; ¢.g., the highly coloured silver salt of 2-fluorobenzoquinone-4-oxime is 
readily formed and reacts with methyl iodide to give the steam-volatile, pale yellow 
2-fluorobenzoquinone-4-oxime methyl ether, which is also obtained when 2-fluoro-4-nitroso- 
phenol, dissolved in alkali, is treated with methyl sulphate. 2-Fluoro-4-nitrosoanisole 
is of entirely different character, having, like all true nitroso-ethers, a brilliant dark green 
colour. The four 2-halogeno-4-nitrosoanisoles and the corresponding 2-halogenobenzo- 
quinone-4-oxime methyl ethers have been prepared; the former all have lower melting 
points than the latter, thereby furnishing further examples of the rule (Hodgson and Moore, 
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loc. cit.; see also Hodgson and Kershaw; J., 1929, 1555) that nitroso-compounds have 
lower m. p.’s than the isomeric quinone-oximes. 

Support for the nitroso-structure of the nitrosation product of o-fluorophenol is given 
by the formation of glyoxime NN’-bis-3-fluoro-4-methoxyphenyl ether (cf. Hodgson, J., 
1932, 1395) when diazomethane reacts with either 2-fluoro-4-nitrosophenol or 2-fluoro-4- 
nitrosoanisole. 

The four glyoxime NN’-bis-3-halogeno-4-methoxyphenyl ethers have colours which 
become redder in the sequence o-fluoro- (bright orange) to o-iodo- (brick-red), and give 
brilliant colours with concentrated sulphuric acid which become bluer in the sequence : 
o-fluoro- (blue-violet), o-chloro- (blue), o-bromo- (dark blue), o-iodo- (very deep blue). 

As in the attempted nitrosation of m-fluorophenol (Hodgson and Nicholson, J., 1939, 
1405), so in the nitrosation of o-fluorophenol a certain amount of nitration also occurs in 
the 6-position to form the steam-volatile 2-fluoro-6-nitrophenol. 

The results of Schiemann and Miau (Ber., 1933, 66, 1179) on the nitration of o-fluoro- 
anisole, as opposed to those of Holmes and Ingold (J., 1926, 1336), have been confirmed, 
and similar results have been obtained for the other three o-halogenoanisoles. 


EXPERIMENTAL. 


Nitrosation of 0-Fluorophenol.—o-Fluorophenol (0-5 g.), prepared from o-fluoroanisole by 
the method of Bennett, Brookes, and Glasstone (J., 1935, 1822), was dissolved in water (60 c.c.) 
containing sodium nitrite (1 g.), and the solution acidified at 0° with hydrochloric acid (1 c.c., 
d 1-16); its colour changed through yellow to red and o-fluorophenol was precipitated in fine 
drops. After 1 hour, 2-/luoro-4-nitrosophenol separated in light orange-yellow needles, which 
were removed; the filtrate, treated with a further quantity of sodium nitrite (1 g.) in water 
(10 c.c.), gave a further crop after 12 hours. The combined yield (ca. 0-25 g.) crystallised from 
benzene in very pale yellow needles, m. p. 144° (decomp.) (Found: N, 10-3. C,H,O,NF 
requires N, 10-0%), which gave the Liebermann nitroso-reaction. A concentrated solution of 
2-fluoro-4-nitrosophenol in 20% aqueous sodium hydroxide was dark red-brown, but became 
green on dilution; on acidification it gave the original substance and not one of higher m. p. 
(cf. the 3-halogeno-4-nitrosophenols; Hodgson and Moore, loc. cit.). After removal of the 
2-fluoro-4-nitrosophenol, the filtrate was extracted with benzene, the benzene layer washed with 
water to remove acid and extracted with dilute caustic soda solution, and this extract just 
acidified and steam-distilled; 2-fluoro-6-nitrophenol, which passed over, crystallised from 
water in golden-yellow rectangular plates, m. p. 87° (Found: N, 9-0. C,H,O,NF requires N, 
8-9%), which gave a red sodium salt. 

Nitrosation of 0-Chloro-, 0-Bromo-, and 0-Iodo-phenol.—Since difficulties were experienced 
(Hodgson and Moore, loc. cit.) in the nitrosation of o-iodophenol by standard methods (J., 1923, 
128, 2502), the acetic acid and the nitrosylsulphuric acid procedure of Hodgson and Nicholson 
(J., 1939, 1808) were tried with the o-halogenophenols, and the quality and yield of the nitros- 
ation products improved as follows : 


Percentage yield of nitroso-compound. 
Phenol. Acetic acid method. Nitrosylsulphuric acid method. 
O-“CIIORO> 160.0 000000003 ccc cccccecooee 50 ~ 
O-BLOMO~ 2. cceseeceesceceeceecences 60 
O-LOdO- sen veeeeeees cop eee 30 (with tar) 30 (no tar) 


2-Chloro-4-nitrosophenol crystallised from benzene in pale yellow needles, m. p. 145° (Hodgson, 
J., 1932, 868, gives m. p. 142°). 2-Bromo-4-nitrosophenol crystallised from benzene or water 
in pale yellow needles, m. p. 156° (decomp.) (Hodgson and Moore, J., 1925, 127, 2262, give m. p. 
160°). 2-Iodo-4-nitrosophenol crystallised from water in pale yellow. needles, m. p. 162° 
(Hodgson and Moore, loc. cit., give m. p. 152°)... Concentrated solutions of all four 2-halogeno- 
4-nitrosophenols in 20% aqueous sodium hydroxide were dark red-brown and became green 
on dilution with water. All gave Liebermann nitroso-reactions similar to that of 2-fluoro-4- 
nitrosophenol. 

2-Halogenobenzoquinone-4-oxime Methyl Ethers—(a) Aqueous ammonia was added to a 
solution of the 2-halogeno-4-nitrosophenol in aqueous methyl alcohol containing the equivalent 
amount of silver nitrate, and the dark brown silver salt of the 2-halogenobenzoquinone-4-oxime 
which separated was treated with methyliodide. The 2-halogenobenzoquinone-4-oxime methyl 
ether produced was isolated by steam-distillation. Excess of ammonia redissolved the silver 
salts, forming deep green solutions, 
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(b) An intimate mixture of the 2-halogeno-4-nitrosophenol, an excess of slightly moist 
potassium carbonate, and the requisite amount of methyl sulphate was heated for some time 
under reflux, and the 2-halogenobenzoquinone-4-oxime methyl ether isolated by steam- 
distillation. 

The ethers all recrystallised from hot water in pale yellow needles. 2-Fluorobenzoquinone-4- 
oxime methyl ether had m. p. 89° (Found: N, 9-2. C,H,O,NF requires N, 9-0%), 2-chloro- 
benzoquinone-4-oxime methyl ether, m. p. 118—120° (Hodgson, loc. cit., gives m. p. 118—120°) 
(Found: N, 83. Calc.: N, 8-1%), 2-bromobenzoquinone-4-oxime methyl ether, m. p. 105° 
(Found: N, 6-8. C,H,O,NBr requires N, 6-5%), and 2-iodobenzoquinone-4-oxime methyl ether, 
m. p. 120° (Found: N, 5-5. C,H,O,NI requires N, 5-3%). 

2-Halogenobenzoquinone-4-oxime-1-p-nitrophenylhydrazones—A methyl-alcoholic solution 
containing equimolecular quantities of the 2-halogeno-4-nitrosophenol (e.g., 0-14 g. of 2-fluoro- 
4-nitrosophenol) and -nitrophenylhydrazine hydrochloride (0-19 g.) was boiled with sodium 
acetate (0-2 g.), and the precipitated 2-halogenobenzoquinone-4-oxime-1-p-nitrophenyl- 
hydrazone crystallised from glacial acetic acid. All four compounds gave permanganate-violet 
colours with aqueous alkali hydroxide, but with concentated sulphuric acid only yellow solu- 
tions were produced. 2-Fluorobenzoquinone-4-oxime-1-p-nitrophenylhydrazone crystallised in 
yellow micro-plates, m. p. 195° (decomp.) (Found: N, 20-4. C,,H,O,N,F requires N, 20-3%), 
2-chlorobenzoquinone-4-oxime-1l-p-nitrophenylhydrazone in yellow-brown micro-plates, 
m. p. 184—185° (decomp.) [Hodgson, Joc. cit., gives m. p. 184—185° (decomp.)] (Found: N, 
19-3. Calc.: N, 19:1%), 2-bromobenzoquinone-4-oxime-1-p-nitrophenylhydrazone in brown 
micro-plates, m. p. 191° (decomp.) (Found: N, 16-8. C,,H,O,N,Br requires N, 16-6%), and 
2-iodobenzoquinone-4-oxime-1-p-nitrophenylhydrazone in brown micro-plates, m. p. 187° 
(decomp.) (Found: N, 14:8. C,,H,O,N,I requires N, 14-6%). 

2-Halogeno-4-nitrosoanisoles—The 2-halogenoanisoles underwent mononitration in the 4- 
position (cf. Schiemann and Miau, loc. cit., for the case of o-fluoroanisoie) to give 2-halogeno-4- 
nitroanisoles, which were readily reduced to the steam-volatile 2-halogeno-4-aminoanisoles by 
the usual iron-alcoholic hydrochloric acid method. The 2-halogeno-4-nitrosoanisoles were 
then prepared as follows: Potassium persulphate (3 g.) was added to sulphuric acid (6 g., d 
1-84) and the mixture was kept for 45 minutes with occasional stirring, then poured on ice (40 
g.), neutralised with potassium carbonate, and made slightly acid with acetic acid. This 
solution of Caro’s acid was mixed with a suspension of the 2-halogeno-4-aminoanisole (0-5 g.) in 
water (40 c.c.) at 0°, the mixture stirred for 3 hours, the liquid filtered, and the green residue 
washed with water and steam-distilled. The 2-halogeno-4-nitrosoanisole which passed over 
was crystallised from light petroleum. 

2-Fluoro-4-nitrosoanisole formed dark green needles, m. p. 69° (Found: N, 9-2. C,H,O,NF 
requires N, 9-0%), 2-chloro-4-nitrosoanisole, brilliant blue-green needles, m. p. 89° (Found: 
N, 8-2. Calc,: N, 8-1%), 2-bromo-4-nitrosoanisole, green needles, m. p. 85° (Found: N, 6-6. 
C,H,O,NBr requires N, 65%), and 2-iodo-4-nitrosoanisole, yellowish-green needles, m. p. 77° 
(Found: N, 5-5. C,H,O,NI requires N, 5-3%). 

Glyoxime NN’-Bis-3-halogeno-4-methoxyphenyl Ethers——When ethereal solutions of 2- 
halogeno-4-nitrosophenols (0-1 g.) and diazomethane (from 1 c.c. of nitrosomethylurethane) 
were mixed together, evolution of nitrogen occurred and the glyoxime NN’-bis-3-halogeno-4- 
methoxyphenyl ether was precipitated; it was crystallised from ether or methyl alcohol. 
Identical products were obtained when diazomethane reacted with the 2-halogeno-4-nitroso- 
anisoles. Steam-distillation of the filtered ethereal solutions above afforded in each case 
small amounts of the corresponding 2-halogenobenzoquinone-4-oxime methyl ether. The 
characteristic colours given with concentrated sulphuric are placed after the m. p. 

Glyoxime NN’-bis-3-fluoro-4-methoxyphenyl ether formed bright orange needles, m. p. 211° 
(blue-violet) (Found: N, 8-6. C,,H,,O,N,F, requires N, 7-6%), glyoxime NN’-bis-3-chloro-4- 
methoxyphenyl ether, orange-red needles, m. p. 223° (blue) (Found: N, 7-6. Calc.: N, 7-6%), 
glyoxime NN'-bis-3-bromo-4-methoxyphenyl ether, dark orange-red needles, m. p. 211° (deep 
blue) (Found: N, 6-2. C,,H,,O,N,Br, requires N, 6-1%), and glyoxime NN’-bis-3-iodo-4- 
methoxyphenyl ether, brick-red needles, m. p. 219° (very deep blue) (Found : N, 5-3. . C,,H,,O,N,I, 
requires N, 5:1%). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, December 21st, 1939.]} 
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152. The Interaction of Arylhydrazines with Halogenated Aldehydes. 
By Harry Irvine. 


The interaction of arylhydrazines with various a«$-chloro- and/or -bromo-butal- 
dehydes is profoundly influenced by changes in reaction medium and temperature. 
The labile crimson azo-butylene (III) assumed in previous papers to occur as an 
intermediate has been isolated, and its transformations in different solvents examined 
under a variety of conditions. Its isomerisation into cis- and tvans-forms of «f-dichloro- 
crotonaldehyde-2 : 4-dichloro (or dibromo)phenylhydrazone (VII) is noteworthy. 


To complete previous studies of the action of arylhydrazines upon halogenated aldehydes by 
Chattaway and his collaborators (J., 1927, 2850; 1928, 2756; 1930, 87,94; 1931, 751, 786, 
1088 ; J. Amer. Chem. Soc., 1932, 54 263) the behaviour of ««8-trihalogenated butaldehydes 
(Chattaway, Irving, and Outhwaite, J., 1933, 993) containing both chlorine and bromine 
has been examined. 

Although the reactions proceed less smoothly as bromine is introduced progressively 
into the aldehyde, ««-dichloro-$-bromobutaldehyde hydrate, CH,-CHBr-CCl,-CH(OH),, 
has been condensed in ethyl alcohol with 2:4-dichloro(or dibromo)phenylhydrazine 
hydrochloride to yield §-chloro-«-ketobutaldehyde-2 : 4-dichloro(or dibromo)pheny]l- 
hydrazone (IV), previously prepared from butylchloral itself (Chattaway and Irving, J., 
1930, 92). 6-Bromo-a-ketobutaldehyde-2 : 4-dichloro(or dibromo)phenylhydrazone (as LV; 

= Br) results similarly from these hydrazines and alcoholic solutions of either a«- 
tribromobutaldehyde hydrate or «-chloro-«f-dibromobutaldehyde hydrate. Treated 
with an alcoholic solution of sodium ethoxide, it yields 4-hydroxy-1-2’ : 4’-dichloro(or 
dibromo)phenyl]-5-methylpyrazole (V) (Chattaway and Irving, J., 1931, 788), and when 
boiled with one molecular equivalent of 2 : 4-dichloro(or dibromo) phenylhydrazine hydro- 
chloride in methyl (or ethyl)-alcoholic solution it gives «-keto-8-methoxy(or ethoxy)but- 


aldehyde-2 : 4-dichloro(or dibromo)phenylosazone (VI) identical with the product previously 
obtained from butylchloral. 


ArNH-NH, HC APNHNGH ] yy 4 APNNGH 
Me-CHGLCCIX-CH(OH), we-cHCCCIX Me-CHCI-CCI 


(I.) (II.) (III.) 


| non ' | 
Ar-NH-N-CH ArNHNH, = Ar-NH:N:CH Ar-NH:-N:CH 
Ar-NH:N:C-CH(OR)Me © +R0oH Me-CHCI—CO Me-CCLCCl 


(VI.) | gost AV.) (VIL) cis and trans 


N=——(CH - ArNAc'N:CH’CCl, a, Ar-NAc*N°:CH-CCl 
™ ieee OH owe, — Me-CCl 
(V.) (TX.) (VIII.) cis and trans 

By a slight change in the conditions the reactions between arylhydrazines and halo- 
genated butaldehydes can be made to give an entirely different series of products. When, 
for example, 2 : 4-dibromophenylhydrazine hydrochloride in suspension in’ a highly con- 
centrated alcoholic solution of butylchloral hydrate (I, X = Cl) is kept at room tem 
ature, it dissolves to give a deep crimson solution, from which a compound, C,,H,N,C 
separates whose’ brilliant colour es that it must be 2: ¢-dltvomobensinaas¥ 6. 
dichloro-A°-butylene (III), formed by the elimination of a molecule of hydrogen chloride 
from the intermediate butylchloral-2 : 4-dibromophenylhydrazone (II). It is certain ‘that 
the halogen atom eliminated is one of those attached to the a-carbon atom, since the inter- 
action of 2 : 4-dibromophenylhydrazine hydrochloride with af-dichloro-«-bromobutal- 
dehyde hydrate (as I;..X = Br) takes place with the evolution of — bromide and 
the same azo-butylene (III) is produced. 

3H 
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If the original alcoholic solution containing the azo-compound (III) and liberated hydro- 
gen halide is kept at room temperature for some days, the crimson colour fades and yellow 
6-chloro-«-ketobutaldehyde-2 : 4-dibromophenylhydrazone (IV) separates. The same 
reaction takes place quantitatively and almost instantaneously when dry hydrogen 
chloride is passed into a solution of the pure azo-butylene (III) in alcohol. Evidently the 
equilibrium postulated (J., 1930, 89) between this azo-compound and the parent butyl- 
chloral-2 : 4-dibromophenylhydrazone (as II; X = Cl) is here progressively disturbed by 
the addition of hydrogen chloride to the former and by the irreversible hydrolysis of the 
latter to the keto-hydrazone (IV). 

When, however, the azo-compound (III) is refluxed with absolute alcohol in the absence 
of acid, rearrangement of the double bonds takes place with the formation of «8-dichloro- 
crotonaldehyde-2 .4-dibromophenylhydrazone (VII), m. p. 150°, which forms a colourless 
N-acetyl derivative (VIII), m. p. 166°. The mobility of the pentad system in the labile 
crimson azo-butylene (III) is such that even on keeping at room temperature for some 
weeks, or more rapidly in contact with an indifferent solvent (benzene, light petroleum), 
a similar rearrangement ensues: the «§-dichlorocrotonaldehyde-2 : 4-dibromopheny]l- 
hydrazone described above is not, however, obtained, but an isomer, m. p. 119°, which gives 

an N-acetyl derivative, m. p. 141°. 

These two forms of a{-dichlorocrotonaldehyde-2 : 4-dibromophenylhydrazone (VII) 
and the corresponding pair of N-acetyl derivatives (VIII) are doubtless to be regarded as 
the theoretically possible cis- and trans-isomers, since each of the N-acetyl derivatives 
combines readily with two atoms of chlorine to give one and the same product, aa$- 
tetrachlorobutaldehyde-N-acetyl-2 : 4-dibromophenylhydrazone (IX). Alternative explanations 
for the above cases of isomerism are excluded on the basis of evidence provided by analogous 
2 : 4-dichlorophenylhydrazones and detailed below. 

The azo-butylene formed when butylchloral hydrate is condensed with 2 : 4-dichloro- 
phenylhydrazine hydrochloride has not yet been obtained analytically pure, and only 
one of the two isomeric forms of «$-dichlorocrotonaldehyde-2 : 4-dichlorophenylhydrazone 
(as VII) has been isolated (Chattaway and Irving, J., 1930, 90). N-Acetyl derivatives of 
both the possible isomers can nevertheless be obtained, for the above hydrazone yields an 
N-acetyl derivative, m. p. 122° (loc. cit.), and the red viscous mass which separates during 
the early stages of the reaction between dichlorophenylhydrazine hydrochloride and butyl- 
chloral hydrate in water yields on acetylation an isomeric «$-dichlorocrotonaldehyde-N- 
acetyl-2 : 4-dichlorophenylhydrazone (as VIII), m. p. 154°. These two isomeric N-acetyl 
derivatives have normal molecular weights in benzene. Furthermore, since addition of one 
isomer depressed the freezing point of a saturated solution of the other isomer in benzene, 
the relationship of the two substances is proved to be one of isomerism and not of poly- 
morphism (cf. Sidgwick, J., 1915, 107, 672). That the isomerism is due to differences in 
arrangements about the ethylenic rather than about the -N—CH (hydrazone) linkage is 
shown by the fact that both acetyl derivatives yield-the same product, a«$$-tetrachloro- 
butaldehyde-N-acetyl-2 : 4-dichlorophenylhydrazone (as IX), on the addition of two atoms of 
chlorine. 

When heated with acetyl chloride in a sealed tube, the acetyl derivative of m. p. 122° 
- appears to be converted slowly into the higher-melting isomer. 


EXPERIMENTAL. 

_  §-Bromo-a-ketobutaldehyde-2 : 4-dichlorophenylhydrazone (IV; Cl. = Br).—20 C.c. of ethyl 
alcohol were added to 12 g. (1 mol.) of a-chloro-a$-dibromobutaldehyde (Chattaway, Irving, 
and Outhwaite; J., 1933, 994), heat being evolved owing to alcoholate formation. When the 
‘mixture was cold, 50 c.c..of alcohol and 9-7 g. (1 mol.) of finely powdered 2 : 4-dichlorophenyl- 
hydrazine hydrochloride were added, and the whole warmed cautiously. As the hydrazine 
dissolved, a deep red colour developed and a vigorous reaction set in. Hydrogen chloride was 
evolved and the alcohol continued to boil for some time without further heating. From the 
pale yellow solution B-bromo-a-hetobutaldehyde-2 : 4-dichlorophenylhydrazone separated. on 
standing. It crystallised from boiling alcohol, in which it was readily soluble, in slender, pale 
yellow prisms, m. p. 135° (Found: C, 36-9; H, 2-4; Cl, 22-2; Br, 24-8. C,H,ON,CI,Br 
requires C, 37-0; H, 2-8; Cl, 21-9; Br, 24-7). . 
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The same compound was obtained by the interaction in alcohol of 2 : 4-dichlorophenyl- 
hydrazine hydrochloride and aaf-tribromobutaldehyde (Chattaway, Irving, and Outhwaite, 
loc. cit.), but greater care was needed in starting the reaction to avoid overheating, which gave 
rise to profound decomposition. 

B-Bromo-a-ketobutaldehyde-2 : 4-dibromophenylhydrazone (as IV), obtained similarly by the 
interaction of 2 : 4-dibromophenylhydrazine hydrochloride (1 mol.) and «-chloro-«8-dibromo- 
butaldehyde hydrate or aa$-tribromobutaldehyde hydrate (1 mol.) in ethyl alcohol, crystallised 
from boiling alcohol, in which it was readily soluble, in golden-yellow, stout prisms, m.p. 146° 
(decomp.) (Found: C, 28-9; H, 2-0; Br, 58-3. C,,H,ON,Br, requires C, 29-0; H, 2-2; Br, 
58-1%). 

When 1 mol. of halogenated aldehyde (4-7 g. of «-chloro-«8-dibromobutaldehyde hydrate, 
3-9 g. of aB-dichloro-«-bromobutaldehyde hydrate, or 5-4 g. of a«$-tribromobutaldehyde hydrate) 
was warmed with 7-5 g. (2 mols.) of 2: 4-dichlorophenylhydrazine hydrochloride in 50 c.c. of 
methyl alcohol, the hydrazine slowly dissolved, a red colour being developed. When the 
liquid was raised to the b. p., «-keto-8-methoxybutaldehyde-2 : 4-dichlorophenylosazone (as VI) 
gradually separated, m. p. 193°. After crystallisation from boiling pyridine, in which it was 
readily soluble and from which it separated in fine, bright yellow, compact prisms, it had m. p. 
201°, not depressed by an authentic specimen prepared from butylchloral hydrate (Chattaway 
and Irving, loc. cit.). 

This methoxy-osazone (VI) was also obtained when 6§-bromo-a-ketobutaldehyde-2 : 4- 
dichlorophenylhydrazone (IV) was heated in methyl alcohol with 2 : 4-dichlorophenylhydrazine 
hydrochloride (1 mol.). 

Elimination of Hydrogen Bromide from 8-Bromo-a-ketobutaldehyde-2 : 4-dichloro(or dibromo)- 
phenylhydrazone.—3 G. (1 mol.) of the dichlorophenylhydrazone were added to a solution of 1 g. 
of sodium (2 mols. + excess) in 50 c.c. of ethyl alcohol. The deep orange solution was gradually 
heated to its b. p. and kept at this temperature for 2 hours; it was then poured with vigorous 
stirring into 1 1. of boiling water and boiled with charcoal (5 g.), and the filtered solution acidified. 
A solution of the precipitate in 100 c.c. of 10% caustic soda solution was boiled (charcoal), 
filtered, cooled, and made faintly acid. Several repetitions of this process gave a sandy micro- 
crystalline product, which was recrystallised from benzene—light petroleum (charcoal) ; 
4-hydroxy-1-(2’ : 4’-dichlorophenyl)-5-methylpyrazole (V) separated in colourless prisms, 
m. p. 183°, identical with an authentic specimen (Chattaway and Irving, J., 1931, 786). 

Interaction of Butylchloral Hydrate and 2: 4-Dibromophenylhydrazine in Cold Alcohol : Form- 
ation of 2: 4-Dibromobenzeneazo-fy-dichloro-A*-butylene (III)—When 2: 4-dibromophenyl- 
hydrazine hydrochloride (3-7 g.; 1 mol.) was added to a solution of 2-5 g. of butylchloral hydrate 
(1 mol.) in 12 c.c. of cold ethyl alcohol, it slowly dissolved, giving a bright red solution. The 
temperature was kept below 15°, since any marked heating initiated profound decomposition 
leading to a large variety of products. After } hour, a crimson solid began to separate and fill 
the whole bulk of the solution : the process was accelerated by seeding and by vigorous scratching. 
The solid was collected, pressed, and extracted with light petroleum. After filtration from any 
arylhydrazine hydrochloride, the deep red extract slowly deposited 2 : 4-dibromobenzeneazo-By- 
dichloro-A*-butylene (III), which on repeated crystallisation from the same solvent afforded 
bright red, flattened prisms, m. p. 83° (Found: C, 31-2; H, 2-0; N, 7-1; Cl, 18-2; Br, 41-3. 
C,,H,N,Cl,Br, requires C, 31:0; H, 2-1; N, 7-2; Cl, 18-3; Br, 41:3%). 

On vigorous reduction with tin and hydrochloric acid an acetic acid solution of the azo- 
butylene (III) was decolourised and by steam-distillation a 95% yield of 2 : 4-dibromoaniline 
(identified as its N-acetyl derivative) was obtained. 

The Reversible Addition of Hydrogen Chloride to 2: 4-Dibromobenzeneazo-fy-dichloro-A*« 
butylene (1I11).—When dry hydrogen chloride was passed into a solution of the azo-butylene 
(III) in dry benzene, the colour faded from red to pale yellow owing to the formation of butyl- 
chloral-2 : 4-dibromophenylhydrazone (II; X = Cl). If the excess of hydrogen chloride was 
removed by washing with dilute sodium bicarbonate solution and water, the neutral yellow 
solution obtained by separating the benzene and drying thoroughly over anhydrous sodium 
sulphate slowly lost hydrogen chloride on keeping or warming, the original azo-butylene being 
recovered unchanged. 

Hydrolysis of Butylchloral-2 : 4-dibromophenylhydrazone.—Attempts to isolate this hydrazone 
from the above benzene solution proved fruitless.. Slow crystallisation gave ultimately the 
original azo-butylene, and the effect of heat was to cause profound decomposition. When dry 
hydrogen chloride was passed into a solution of the azo-butylene (III) in dry alcohol, the red 
colour faded at once and from the solution §-chloro-«-ketobutaldehyde-2 : 4-dibromo- 
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phenylhydrazone separated, m. p. (from alcohol) 143-5° alone or admixed with an authentic 
specimen. 

The Isomerisation of 2: 4-Dibromobenzeneazo-By-dichloro-A*-butylene.—(a) On standing. 
When kept at room temperature for 6 weeks in a sealed tube, the azo-butylene lost its red 
colour and the brown residue on crystallisation from boiling alcohol gave «$-dichlorocrotonal- 
dehyde-2 : 4-dibromophenylhydrazone (as VII), m. p. 119°, identical with an authentic specimen 
(Chattaway and Irving, Joc. cit.). The same change took place in the course of a few days if 
the azo-butylene (III) was dissolved in, or was in contact with light petroleum, benzene or 
chloroform. 

(b) On boiling with alcohol. A solution of the azo-butylene (III) in dry ethyl alcohol was 
refluxed for $ hour. On cooling, the isomeric «$-dichlorocrotonaldehyde-2 : 4-dibromophenyl- 
hydvazone (as VII) separated (m. p. 145°); after several recrystallisations from boiling 
alcohol it gave almost colourless, slender prisms, m. p. 150° (Found: C, 30-7; H, 2-2; N, 7:4; 
Cl, 18-2; Br, 41-0. C,H,N,Cl,Br, requires C, 31-0; H, 2-1; N, 7-2; Cl, 18-3; Br, 41-3%). 

On warming with acetic anhydride to which a drop of concentrated sulphuric acid had been 
added, the (isomeric) «$-dichlorocrotonaldehyde-N-acetyl-2 : 4-dibromophenylhydrazone (as VIII) 
was obtained. It separated from boiling alcohol, in which it was readily soluble, in colourless 
prisms, m. p. 166° (Found: Cl, 165; Br, 37-2. C,,H,ON,CI,Br, requires Cl, 16-5; Br, 
372%). 

Formation of aaBG-Tetrachlorobutaldehyde-N-acetyl-2 : 4-dibromophenylhydrazone (as IX).— 
A slow stream of dry chlorine was passed through a solution of (either) N-acetyl derivative in 
acetic acid. After } hour, the excess of chlorine was removed in a rapid stream of air and on 
addition of water aa-tetrachlorobutaldehyde-N-acetyl-2 : 4-dibromophenylhydrazone separated. 
It formed colourless, compact prisms, m. p. 108°, from aqueous acetic acid (Found: Cl, 28-8; 
Br, 32-5. C,,H,,ON,Cl,Br, requires Cl, 28-4; Br, 32-0%). 

Preparation of the Isomeric aB-Dichlorocrotonaldehyde-N-acetyl-2 : 4-dichlorophenylhydrazones 
(as VIII), m. p. 154°.—To 20 g. (1 mol.) of 2 : 4-dichlorophenylhydrazine hydrochloride dissolved 
in 1000 c.c. of water at 75° acidified with 5 c.c. of concentrated hydrochloric acid, was added a 
solution of 18 g. of butylchloral hydrate (1 mol.) and 13 g. of sodium acetate in 250 c.c. of water 
also at 75°. The liquid became turbid and a red viscous oil separated. After 5 minutes the 
mixture was cooled, the oil extracted in chloroform and dried with calcium chloride, and 
the solvent blown off in a rapid current of hot air. Acetic anhydride and a drop of concentrated 
sulphuric acid were then added; on warming, a vigorous reaction commenced: the viscous 
red mass dissolved, hydrogen chloride was copiously evolved, and the colour faded to a dull 
brown. On cooling, the (isomeric) «$-dichlorocrotonaldehyde-N-acetyl-2 : 4-dichlorvophenyl- 
hydrazone separated; on crystallisation from boiling alcohol, or acetic acid, in which it was 
rather less soluble than the isomeric N-acetyl derivative of m. p. 122-5°, it formed slender six- 
sided prisms, m. p. 153-5° (Found : C, 43-0; H, 3:0; N, 8-3; Cl, 41-9; M, cryoscopic in benzene, 
330, 335. C,H, ,ON,Cl, requires C, 42°3; H, 3-0; N, 8-2; Cl, 41-7%; M, 340). 

A solution of this N-acetyl derivative (3 g.) in 25 c.c. of acetic acid was boiled with excess 
of granulated tin and 20 c.c. of concentrated hydrochloric acid for 1 hour. The hot solution was 
then strongly basified and steam-distilled; 2 : 4-dichloroaniline (1-34 g.; calc., 1-5 g.) separated 
in the distillate and was identified by conversion into its acetyl derivative, m. p. 145-5° alone 
or mixed with an authentic specimen. 

When a$-dichlorocrotonaldehyde-N-acetyl-2 : 4-dichlorophenylhydrazone of m. p. 122-5° 
was prepared in quantity by the method previously described (J., 1930, 91), the crystals did not 
appear to be homogeneous, since compact rhombs often accompanied the slender six-sided 
prisms. Rapid cooling from moderately concentrated solutions appeared to favour the form- 
ation of the prismatic form and it was at first thought that a case of polymorphism was involved. 
However, measurements of representative crystals of each type established their identity and 
indicated that the observed differences were due to habit only. 

The crystals belong to the digonal equatorial class of the monoclinic system. The axial 
elements are a:b:c = 2:2268:1:1-8456; 6 = 126° 28’. The forms observed were a {100}, 
m {110}, q {011}, and less frequently R {101}. The interfacial angles are given below : 


Limits. 
60° 2’— 60° 
70° 23’— 70° 
112° 2’—112° 
70° 38’— 70° 
73° 32’— 73° 
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The crystals showed strong negative double refraction with a fairly wide axial angle: there 
is strong inclined dispersion. No good cleavage was found. In the compact, rhomb-like 
tablets the form m {110} is almost suppressed. In the slender prism form the prism zone of 
six faces is well and fairly equally developed, the form R {101} is absent, and g {011} is represented 
by a pinakoid only. 

That the isomerism of the two N-acetyl derivatives of af-dichlorocrotonaldehyde-2 : 4- 
dichlorophenylhydrazone, m. p. 122-5° and 153-5°, is not simply a case of polymorphism was 
established as follows (cf. Sidgwick, J., 1915, 107, 672). Cryoscopic measurements in benzene 
established that the two isomers were unimolecular. Further, the freezing point of benzene 
saturated with the acetyl derivative, m. p. 122-5° (excess solute present) was lowered frm 4-005° 
to 3-991° and 3-882° by successive additions of the acetyl derivative, m. p. 153-5°. Finally, 
when chlorine was passed through a solution of the isomer of higher m. p. in acetic acid, there 
resulted aaf6-tetrachlorobutaldehyde-N-acetyl-2 : 4-dichlorophenylhydrazone, m. p. 97—98° 
(after crystallisation from boiling alcohol), alone or admixed with the specimen previously 

ed (J., 1930, 92) by the addition of two atoms of chlorine to the isomer of m. p. 122-5° 
(Found : Cl, 51-9. Calc. for C,,H,ON,Cl, : Cl, 51-8%). 


THE INORGANIC CHEMISTRY LABORATORY, OXFORD. [Received, March 5th, 1940.] 





153. Chalkones: Reactions of o-Hydroxyphenyl 6-Methoxy-2 : 3- 
benzostyryl Ketone and of Some Derivatives. 
By B. G. Acnarya, R. C. SHAH, and T. S. WHEELER. 


o-Hydroxyphenyl 6-methoxy-2 : 3-benzostyryl ketone and its dibromide react like 
analogous compounds of the phenyl series to yield, among other compounds, 
naphthalene analogues of flavones, flavonols and benzylidenecoumaranones. Further, 
the dibromide reacts with alcohol in the same manner as the corresponding o- and 
p-alkoxyphenyl analogues (cf. Nadkarni e¢ al., J., 1937, 1798). The characteristic 
reactions of the keto-ethylene group are shown by naphthylidenecoumaranones in 
spite of the presence of a cyclic linkage. 


o-Hydroxyphenyl 6-methoxy-2 : 3-benzostyryl ketone, CgH,(OH)*CO-CH:CH-C,,H,’OMe (I) 
reacts like the simpler chalkones of.the phenyl series with (a) alkaline hydrogen peroxide 
(flavonol synthesis of Algar and Flynn, Proc. Roy. Irish Acad., 1934, 42, B, 1), (b) ethyl 
acetoacetate (Knoevenagel, Annalen, 1894, 281, 58), and (c) cyclohexanone (Hill, J., 1935, 
1115) to form, respectively, (a) 2-(2’-methoxy-1'-naphthyl)-3-chromonol (II), also prepared 
from the dibromide of (V) by the method of Auwers and Miiller (Ber., 1908, 41, 4233; 
Auwers and Pohl, Annalen, 1914, 405, 243), (b) ethyl 4-0-hydroxyphenyl-6-(2'-methoxy-1'- 
naphthyl)-A®-cyclohexen-2-one-1-carboxylate, and (c) the Michael addition compound, 
2-8-0-hydroxybenzoyl-a-2'-methoxy-1'-naphthylethylcyclohexanone. 

The dibromide of (I) reacts with alcohol in the same manner as the corresponding o0- 
and p-alkoxypheny] analogues (cf. Nadkarni et al., J., 1937, 1798 ; Bhagwat and Wheeler, J., 
1939, 94) to give o-hydroxyphenyl «-bromo--ethoxy-B-2-methoxy-l-naphthylethyl ketone 
(III). With alcoholic potassium cyanide, the dibromide yields 2-(2’-methoxy-1'-naphthyl)- 
chromone (IV), and (III) with alcoholic soda gives I-(2’-methoxy-1'-naphthylidene)coumaran- 
2-one (V) (cf. Hutchins and Wheeler, J., 1939, 91). 
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R = 2-methoxy-1-naphthyl. R = 2-methoxy-1-naphthyl. R = 2-methoxy-1-naphthyl. 
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_ The characteristic reactions of the keto-ethylene group are not affected by the cyclic 
linkage in (V). The bromine atom in the dibromide of (V), adjacent to the methoxy- 
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naphthyl nucleus, is, like the corresponding bromine atom in the dibromide of (I), labile 
towards alcohols; further (V) undergoes the normal addition reactions with ethyl aceto- 
acetate and cyclohexanone to give respectively ethyl 2-(2'-methoxy-1'-naphthyl)-3 : 4-1" : 2”’- 
coumarano-A*-cyclohexen-6-one-1-carboxylate (V1) and 1-(2’-keto-1’-cyclohexyl-2’’-methoxy- 
1’’-naphthylmethyl)coumaran-2-one (VII). The composition assigned to (VI) is based on 
the chalkone analogy (see Rao and Wheeler, J., 1939, 1004) and is confirmed by the 
formation of an oxime. 
EXPERIMENTAL. 


Chalkones.—o-Hydroxyphenyl 6-methoxy-2 : 3-benzostyryl ketone (1), m. p. (alcohol) 142° 
(Found: C, 79-2; H, 5°4. C. 9H,,O, requires C, 78-9; H, 5-3%), separated as a yellow powder 
from a mixture of 2-methoxy-1l-naphthaldehyde (2) (10 g.) [prepared from §-naphthyl methyl 
ether by the method described by Adams and Levine (J. Amer. Chem. Soc., 1923, 45, 2373), 
modified by addition of aluminium chloride in dry ether (Shah and Laiwalla, J., 1938, 1828) 
and potassium chloride (Arnold and Sprung, J. Amer. Chem. Soc., 1938, 60, 1699)], o-hydroxy- 
acetophenone (3) (8 g.) and alcohol (60 c.c.), which had been treated with aqueous sodium 
hydroxide (15 c.c. of 50%), heated at 60° for 30 minutes, kept for 24 hours, diluted with ice- 
cold water and acidified with dilute hydrochloric acid. The acetyl derivative (sodium acetate- 
acetic anhydride method) separated from alcohol in yellow needles, m. p. 107° (Found: C, 
76-2; H, 5:3. (C,gH,,0, requires C, 76-3; H, 5-2%). 0-Anisyl 6-hydroxy-2 : 3-benzostyryl 
ketone, m. p. (alcohol—acetone) 153° (Found: C, 79-0; H, 5-4. Cy 9H,,0, requires C, 78-9; H, 
5-3%), was similarly prepared from 2-hydroxy-l-naphthaldehyde (4) (Pandya and Vahidy, 
Proc. Indian Acad. Sci., 1937, 6, 181) and o-methoxyacetophenone (5). 

o-Hydroxyphenyl 6-hydroxy-2 : 3-benzostyryl ketone, m. p. (alcohol) 140° (Found: C, 78:8; 
H, 5:3. C,,H,,0O, requires C, 78-6; H, 48%), was obtained by heating (1) with powdered 
anhydrous aluminium chloride (2 mols.) for 2 hours at 125°, the product being treated with 
cold dilute hydrochloric acid; it was also prepared by condensing (3) and (4) as described for 
(1) above. 

o-Anisyl 6-methoxy-2 : 3-benzostyryl ketone, m. p. (alcohol) 103° (Found: C, 79-3; H, 5-5. 
C,,H,,0, requires C, 79-2; H, 5-7%), was similarly prepared from (2) and (5). All the above 
chalkones were yellow. 

2’-Hydroxy-5 : 6-benzoflavylium chloride separated after 4 days from a solution of (3) (1-7 g.) 
and (4) (2 g.) in anhydrous ethyl acetate, which had been saturated with dry hydrogen chloride. 
The product crystallised from glacial acetic acid containing a trace of hydrochloric acid in 
bluish-red leaflets, m. p. 215—220° (decomp.) (Found: Cl, 10-9. C,,H,,0,Cl requires Cl, 
115%). 

Compounds derived from the Chalkone (1).—2-(2'-Methoxy-1'-naphthyl)-3-chromonol (6), m. p. 
(alcohol) 239° (Found: C, 74:9; H, 4:5. C,9H,,O, requires C, 75-4; H, 44%), separated 
from a solution of (1) (1-2 g.) in alcohol (50 c.c.) containing n/2-alcoholic potash (18 c.c.) which 
had been gradually treated with hydrogen peroxide (30%; 10 c.c.), kept for 4 hours, diluted 
with water, and acidified with dilute sulphuric acid. Compound (6) was also prepared by 
treating a boiling solution of the dibromide (11; see below) (0-5 g.) in alcohol (30 c.c.) with 
alcoholic potassium hydroxide (0-25 g. in 40 c.c.). The resulting purple liquid was cooled and 
acidified, alcohol removed by evaporation, water added, and the yellow chromonol recovered 
by filtration. The acetyl derivative of (6) had m. p. (alcohol) 173° (Found: C, 72-8; H, 4:3. 
C,,H,,O, requires C, 73-3; H, 4-4%). 

Ethyl 4-o-hydroxyphenyl-6-(2'-methoxy-1'-naphthyl)-A*-cyclohexen-2-one-1-carboxylate (7), 
m. p. (alcohol) 187° (Found : C, 75-3; H, 5-3. C,.H,,O, requires C, 75-0; H, 5-8%), separated 
from a cooled mixture of (1) (5 g.), ethyl acetoacetate (6 c.c.), sodium ethoxide (0-6 g. of 
sodium), and alcohol (100 c.c.) which had been heated under reflux for 4 hours. The semi- 
carbazone, m. p. (alcohol) 172° (Found: N, 9-0. C,,H,,O,N, requires N, 8-9%), and the oxime, 
m.p. (dilute acetic acid) 212° (Found: N, 3-2. C,,H,,0;N requires N, 3-2%), of (7) were 
prepared in the usual manner. 

2-f-0-Hydroxybenzoyl-a-2'-methoxy-1'-naphthylethylcyclohexanone, m. p. (alcohol) 178° (Found: 
C, 77:3; H, 6-5. CygH,,O, requires C, 77-6; H, 65%), was prepared by heating a mixture 
of (1) (1 g.), finely divided sodium (0-2 g.), cyclohexanone (2 c.c.), and anhydrous ether (100 
c.c.) under reflux for 4 hours, keeping the product overnight, and then carefully treating it 
with dilute hydrochloric acid. The required substance was recovered by evaporating the 
ethereal layer. 


o-Hydroxyphenyl aB-dibromo-B-2-methoxy-1-naphthylethyl ketone (8), m. p. (chloroform-—light 
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petroleum) 152° (decomp.) (Found : Br, 34:4. C,9H,,O,Br, requires Br, 34-4%), was obtained 
by. careful bromination of (1) in chloroform solution in the cold. 

Compounds derived from the Dibromide of (1).—o-Hydroxyphenyl a-bromo-B-ethoxy-B-2-meth- 
oxy-l-naphthylethyl ketone (9), m. p. (alcohol) 179° (Found: Br, 19-0. C,,H,,O,Br requires 
Br, 186%), separated from a cold solution of (8) in ethyl alcohol, which had been heated 
under reflux for 10 hours and kept overnight. 

2-(2'-Methoxy-1'-naphthyl)chromone, m. p. (acetic acid) 178° (Found: C, 79-0; H, 5:3. 
CyoH,,.0, requires C, 79-4; H, 46%), separated from an alcoholic solution of (8), which had 
been mixed with a concentrated aqueous solution of potassium cyanide (3 mols.) and heated 
under reflux for 8 hours. It gave a yellow coloration with concentrated sulphuric acid. 

1-(2’-Methoxy-1'-naphthylidene)coumaran-2-one (10), m. p. (alcohol) 178° and mixed m. p. 
with preceding chromone, 139—140° (Found: C, 79-8; H, 4-6. C,.H,,O, requires C, 79-4; 
H, 4-6%), which gave a purple coloration with concentrated sulphuric acid, was prepared by 
treating a solution of (9) (1 g.) in alcohol (20 c.c.) with aqueous sodium hydroxide (4 c.c. of 
10%), heating the mixture at 60° for 15 minutes, and keeping the product overnight. The 
2 : 4-dinitrophenylhydrazone of (10) (Found: N, 11-4. CggH,,0,N, requires N, 11-6%) formed 
orange needles, which, after being washed with alcohol containing hydrochloric acid, had 
m. p. (alcohol) 238°. 

Compounds derived from the Naphthylidenecowmaranone (10).—1-(2'-Methoxy-1'-naphthyl- 
idene)coumaran-2-one dibromide (11), m. p. (chloroform-light petroleum) 158° (Found : Br, 35-1. 
Cy9H,,0;Br, requires Br, 346%), separated.on careful bromination of (10) in chloroform 
solution in the cold. 

1-Bromo-1-(ethoxy-2'-methoxy-1'-naphthylmethyl)coumaran-2-one, m. p. (alcohol) 165° (Found : 
Br, 18-0. C,,3H,,0,Br requires Br, 18-7%), was prepared by heating (11) under reflux with 
ethyl alcohol for 8 hours. 

Ethyl 2-(2'-methoxy-1'-naphthyl)-3 : 4-1" : 2"’-coumarano-A4-cyclohexen-6-one-1-carboxylate (12), 
m. p. (alcohol) 174° (Found : C, 74-8; H, 5:7. C,.H,,0, requires C, 75-4; H, 53%), separated 
when a solution of (10) (5 g.), ethyl acetoacetate (6 c.c.), and sodium ethoxide (0-6 g. of sodium) 
in alcohol (40 c.c.), which had been heated under reflux for 4 hours, was cooled. The oxime, 
m. p. (dilute acetic acid) 188° (Found: N, 3-3. C,,H,,;0,N requires N, 3:3%), was prepared 
in the usual way. 

A mixture of (10) (0-1 g.), finely divided sodium (0-025 g.), cyclohexanone (0°3 c.c.), and 
dry ether (20 c.c.) was heated under reflux for 4 hours, cooled, kept overnight, and acidified 
with dilute hydrochloric acid. The ethereal layer on evaporation yielded 1-(2'-keto-1'-cyclo- 
hexyl-2"'-methoxy-1"-naphthylmethyl)coumaran-2-one, m. p. (alcohol) 184° (Found: C, 77-8; H, 
6-5. C,,H,,O, requires C, 78-0; H, 6-0%). 


Roya INSTITUTE OF SCIENCE, BOMBAY. 
STATE LABORATORY, DUBLIN. [Received, May 8th, 1940.] 





154. The Structure of Aromatic Compounds. Part III. The Action of 
Acetyl Chloride on «- and $-Naphthylmethylmagnesium Halides. 


By NEIL CAMPBELL, W. ANDERSON, and J. GILMORE. 


a-Naphthylmethylmagnesium chloride reacts with acetyl chloride to give 1 : 3-di-«- 
naphthyl-2-methylpropylene, the structure of which was established by ozonolysis. 
The isomeric hydrocarbon derived from B-naphthylmethylmagnesium chloride probably 
has an analogous structure. 


CERTAIN reagents with benzylmagnesium chloride and cinnamyl chloride give unexpected 
products due to molecular rearrangement (Tiffeneau and Delange, Compt. rend., 1903, 137, 
573; Gilman and Harris, J. Amer. Chem. Soc., 1927, 49, 1825; Gilman and Kirkby, ibid., 
1932, 54, 345; Austin and Johnston, ibid., p. 647; Coleman and Forrester, ibid., 1936, 58, 
27; Young, Ballou, and Nozaki, ibid., 1939, 61, 12). Compounds containing the fragment 
C:C-CH,*MgCl may therefore be expected under certain conditions to undergo rearrange- 
ment. The observation that «-naphthylmethylmagnesium chloride gives ‘“ abnormal ”’ 
products accordingly affords evidence that the af-linkage possesses decided double-bond 
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character. In continuation of the work on the fine structure of naphthalene (McLeish and 
Campbell, J., 1937, 1103) it was of interest to study the interaction of a- and $-naphthyl- 
methylmagnesium halides with acetyl chloride. 

We found that «-naphthylmethylmagnesium chloride reacts with acetyl chloride to give 
1 : 3-di-a-naphthyl-2-methylpropylene, C,gH,*CH:CMe-CH,’C,9H,, the structure of which was 
established by ozonolysis, «-naphthoic acid and «-naphthylacetone being produced. The 
isomeric hydrocarbon derived from ®-naphthylmethylmagnesium chloride probably has 
an analogous structure. These products are doubtless formed from intermediate carbinols. 
In neither case were ketonic compounds due to rearrangement detected. 

Analogous results were obtained by the dehydration of dibenzylmethylcarbinol: the 
product was 1 : 3-diphenyl-2-methylpropylene, since oxidation with chromic acid gave 
benzyl methyl ketone. Sabatier and Murat (Compt. rend., 1913, 156, 1430) studied the 
dehydration of dibenzylmethylcarbinol, but did not analyse the carbinol or the hydro- 
carbon and made no attempt to determine the structure of the latter. 


EXPERIMENTAL. 


M. p.’s were determined in Kofler’s apparatus (Mikrochem., 1934, 15, 242), and analyses were 
done by Dr. Weiler (Oxford) and Mr. W. Brown (Edinburgh). 

Preliminary experiments showed that it is necessary to obtain pure B-naphthylmethy] halide 
in order to prepare the Grignard reagent. It was difficult to obtain a good yield of bromo- 
compound by the bromination of §-methylnaphthalene (Schulze, Ber., 1884, 17, 1527), and in 
most of the experiments $-naphthylmethyl chloride prepared from the carbinol was used. 

6-Naphthylcarbinol.—B-Naphthaldehyde was prepared from $-naphthonitrile by Stephen’s 
method (Robinson and Fulton, J., 1939, 200). In preparing the stannous chloride it was found 
advisable to use the method of Stephen (J., 1930, 2786) and recrystallise the product from 
glacial acetic acid, the crystalline form obtained dissolving readily inether. The naphthaldehyde 
invariably contained a considerable quantity of unchanged nitrile. Reduction of the aldehyde 
with a palladium—barium sulphate catalyst yielded B-methylnaphthalene (m. p. 36°; picrate, 
m. p. 118°). Reduction of the aldehyde (6-2 g.) in ethyl alcohol (50 c.c.) with Adams’s platinum 
catalyst and ferric chloride as promoter (0-5 c.c. of 0-1m-ferric chloride) gave the carbinol, which 
formed colourless needles from light petroleum (b. p. 60—80°), m. p. 80° (lit., 80°); yield, 80%. 
When excess of the promoter was used, further reduction occurred. 

Attempts were made to prepare the carbinol by other methods. The method of Byron West 
(J. Amer. Chem. Soc., 1920, 42, 1662) gave only a 27% yield from @-naphthoamide. Ziegler’s 
method (Ber., 1921, 54, 737) was unsuccessful, although this worker obtained the corresponding 
carbinol from «-bromonaphthalene in good yield. A mixture of magnesium turnings (1 g.), dry 
ether (10 c.c.), and ethyl iodide (0-3 g.) was stirred and boiled, and 6-iodonaphthalene (10 g.) in 
ether (40 c.c.) added. When the reaction had moderated, the solution was cooled in a freezing 
mixture, and formaldehyde, generated from trioxymethylene, led in. The black mass obtained 
was treated with water and extracted with ether, which on evaporation yielded a brown solid 
(4-5 g.). This after crystallisation from methyl alcohol (twice) was found to be 88’-dinaphthyl, 
m. p. 185° (lit., 188°); picrate, m. p. 184° (lit., 184°). 

B-Naphthylmethyl Chloride.—B-Naphthylcarbinol (12 g.) was dissolved in dry toluene (50 c.c.), 
thionyl chloride (25 c.c.) gradually added, and the mixture boiled under reflux for 3 hours. 
After removal of the toluene and the excess of thionyl chloride by distillation the residue was 
distilled in a vacuum, the fraction, b. p. 170°/20 mm., being collected; m. p. 47° (lit., 48°). 

B-Naphthylmethyl Bromide.—The method of Schulze (loc. cit.) had to be modified. §-Methyl- 
naphthalene was brominated at 240—260° in a quartz flask exposed to radiation from a mercury 
vapour lamp. If no such radiation were used, a glassy black solid was obtained from which no 
B-naphthylmethyl bromide could be isolated. In a series of experiments the yield of the 
bromide never exceeded 22%, a large amount of the methylnaphthalene being recovered. The 
compound was best purified by distillation in a vacuum (b. p. 214°/100 mm.) and subsequent 
crystallisation from ethyl alcohol; m. p. 54° (lit., 56°). 

6-Naphthylmethylmagnesium Halide and Acetyl Chloride—The formation of the Grignard 
reagent was extremely capricious, and occurred in only three cases (one of the bromide and two 
of the chloride). §-Naphthylmethy]l bromide (9 g.) in dry ether (40 c.c.) was added to a mixture 
of magnesium turnings (1 g.) in ether (40 c.c.). Two drops of ethyl iodide were added to start 
the reaction, which became vigorous and was moderated by cooling. The mixture was then 
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boiled for } hour, and after being cooled in carbon dioxide-ether was filtered through glass wool 
into a cooled solution of acetyl chloride (5 g.) inether. The white precipitate which immediately 
formed was decomposed with ice-cold dilute hydrochloric acid, and the solution extracted with 
ether, which on evaporation yielded 1 : 3-di-B-naphthyl-2-methylpropylene (4-5 g.), m. p. 184— 
185° after recrystallisation from glacial acetic acid (Found: C, 93-6; H, 6-5. C,,H,. requires 
C, 93-5; H, 6-5%). It did not decolorise alkaline permanganate or bromine in carbon tetra- 
chloride. Compounds containing a double bond, however, frequently do not react with these 
reagents, especially when one of the carbon atoms attached to the double bond holds no hydrogen 
(Gilman’s “‘ Organic Chemistry,” vol. 1, p. 546). 

a-Naphthylmethylmagnesium Chloride and Acetyl Chloride.—a-Naphthylmethyl chloride was 
prepared by the method of Coles and Dodds (J. Amer. Chem. Soc., 1938, 60, 853); b. p. 164— 
167°/16 mm. (lit., 158—159°/14 mm.). When the mixture of naphthalene, formaldehyde, and 
concentrated hydrochloric acid was kept at room temperature for 48 hours before the addition 
of sulphuric acid, a better yield was obtained and less unchanged naphthalene remained. The 
preparation of the Grignard reagent and the addition of acetyl chloride to it were carried out as 
described above, except that the mixture was finally heated under reflux for 4 hours. Evaporation 
of the ether yielded an oil, which was purified by dissolving it in light petroleum (b. p. 40—60°) and 
immersing the solution in carbon dioxide-ether. An impurity separated, and the clear solution 
was decanted and on evaporation gave a white solid, m. p. 162—163°, in very poor yield 
(Found : C, 93-4; H, 6-6. C,,H,,. requires C, 93-5; H,6-5%). Ozonisation of the hydrocarbon in 
carbon tetrachloride solution gave a-naphthoic acid (m. p. and mixed m. p. with an authentic 
sample) and an oil which on the usual treatment with 2 : 4-dinitrophenylhydrazine gave a 2: 4- 
dinitrophenylhydrazone which was shown to be identical with that of «-naphthylacetone (see 
below); m. p. 174—176° after purification by sublimation. No formaldehyde was detected. 
The hydrocarbon is therefore 1 : 3-di-a-naphthyl-2-methylpropylene. 

a-Naphthylacetone-2 : 4-dinitrophenylhydrazone.—A mixture of a-naphthylacetic acid and 
barium acetate was intimately mixed and distilled. The oily solid formed readily yielded a 
2 : 4-dinitrophenylhydrazone, which crystallised from tetralin in orange plates, m. p. 174—176° 
(Found : N, 15-1. C,.H,,0,N, requires N, 15-4%). 

Dibenzylmethylcarbinol.—Methy] iodide (29 g.).was converted into the Grignard reagent and 
cooled to —5°. Dibenzyl ketone (21 g.) in ether was then slowly added, and the product isolated 
in the usual manner. The oil (13 g.) obtained was dissolved in light petroleum (b. p. 40—60°), 
and the solution cooled in carbon dioxide-ether. Impurity separated and the clear solution was 
decanted. Evaporation yielded a solid. The process was repeated several times and dibenzyl- 
methylcarbinol was finally obtained as a white crystalline mass (8 g.), m. p. 26—27° (Found : C, 
84:9; H, 8-0. C,,H,,O requires C, 85-0; H, 7-9%). 

Dehydration of Dibenzylmethylcarbinol.—The carbinol (3 g.) was added to phthalic anhydride 
(5 g.) and heated to 160°, and phosphoric oxide (1 g.) added in small portions during 1 hour. 
The mixture was heated for a further } hour, cooled, boiled with sodium hydroxide solution, and 
then extracted with ether. From the extract an oil was obtained which distilled at 180°/15 mm. 
(Sabatier and Murat, loc. cit., record 304°/760 mm.) (Found: C, 92:3; H, 7:7. C,gH,, requires 
C, 92-3; H, 7:7%). 

The unsaturated compound (2 g.) was suspended in glacial acetic acid (30 c.c.), and chromic 
acid (4 g.) in water (8 c.c.) added. The mixture was gently heated for 1 minute, and the brisk 
reaction which ensued was moderated by cooling. After 4 hour the mixture was distilled in 
steam, and the distillate extracted with ether. The ethereal solution was shaken with caustic 
soda and evaporated. The oil obtained yielded a 2: 4-dinitrophenylhydrazone, m. p. 147— 
149°, identical with that obtained from benzyl methyl ketone (mixed m. p.). The hydro- 
carbon is therefore 1 : 3-diphenyl-2-methylpropylene. 
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